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ABSTRACT 

An ergonomically designed work environment may decrease work related musculoskeletal disorders, 
lead to less sick leaves and increase production time for operators and companies all around the 
world.  

Volvo Construction Equipment wants to deepen the knowledge and investigate more carefully how 
operators are actually sitting whilst operating the machines, how this affects placement of controls 
and furthermore optimize controls placements accordingly. The purpose is to enhance their product 
development process by suggesting guidelines for control placement with improved ergonomics 
based on operators’ sitting postures. The goal is to deliver a process which identifies and transfers 
sitting postures to RAMSIS and uses them for control placement recommendations in the cab and 
operator environments. Delimitations concerns: physical ergonomics, 80% usability of the resulted 
process on the machine types, and the level of detail for controls and their placements. 

Research, analysis, interviews, test driving of machines, video recordings of operators and the 
ergonomic software RAMSIS has served as base for analysis. The analysis led to (i) the conclusion that 
sitting postures affect optimal ergonomic placement of controls, though not ISO-standards, (ii) the 
conclusion that RAMSIS heavy truck postures does not seem to correspond to Volvo CE’s operators’ 
sitting postures and (iii) and to an advanced engineering project process suitable for all machine 
types and applicable in the product development process. The result can also be used for other 
machines than construction equipment. 

The resulted process consists of three independent sub-processes with step by step explanations and 
recommendations of; (i) what information that needs to be gathered, (ii) how to identify and transfer 
sitting postures into RAMSIS, (iii) how to use RAMSIS to create e design aid for recommended control 
placement. The thesis also contains additional enhancements to Volvo CE’s product development 
process with focus on ergonomics. 

A conclusion is that the use of motion capture could not be verified to work for Volvo Construction 
Equipment, though it was verified that if motion capture works, the process works. Another 
conclusion is that the suggested body landmarks not could be verified that they are all needed for 
this purpose except for those needed for control placement. Though they are based on previous 
sitting posture identification in vehicles and only those that also occur in RAMSIS are recommended, 
and therefore they can be used. This thesis also questions the most important parameters for 
interior vehicle design (hip- and eye locations) and suggests that shoulder locations are just as 
important. The thesis concluded five parameters for control categorization, and added seven 
categories in addition to those mentioned in the ISO-standards. Other contradictions and loopholes 
in the ISO-standards were identified, highlighted and discussed. 

Suggestions for improving the ergonomic analyses in RAMSIS can also be found in this report. More 
future research mentioned is more details on control placement as well as research regarding sitting 
postures are suggested. If the resulted process is delimited to concern upper body postures, other 
methods for posture identification may be used. 
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  Chapter 1 - Introduction 

1 INTRODUCTION 
For centuries, mankind has been producing machines to facilitate different kinds of work and tasks. 
Some of those kinds of work are nowadays designed for constructional use, so called construction 
equipment. Different machines are used for different tasks. For instance, some tasks are: 

• Digging 
• Loading 
• Transportation 
• Asphalt paving 
• Land preparation 

The pictures below show some different types of construction equipment.  

    
Figure 1 and 2 - Courtesy of Hitachi Ltd. Figure 3 - Courtesy of Caterpillar 

Inc. 
Figure 4 - Volvo CE 
image library 

Machine operating is by its nature sedentary work. The operators of many types of construction 
equipment work in their machines many hours every day. The human body is not built to be sitting 
all day long. (Arbetsmiljöverket, 2014) A study performed by PREVENT AB showed that 77% of all 
major work related injuries for machine operators are Work Related Musculoskeletal Disorders 
(WRMD) (Nilsson & Rose, 2003). These may be caused by sedentary work, which may result in sick 
leave and in worst case production downtime (Arbetsmiljöverket, 2012). It is not preferable from an 
economic perspective or from a health perspective.  

“Ergonomics (or human factors) is the scientific discipline concerned with 
the understanding of interactions among humans and other elements of a 
system, and the profession that applies theory, principles, data and 
methods to design in order to optimize human well-being and overall 
system performance.” 

- (International Ergonomics Association, 2014) 

Since an ergonomic fitted machine is optimized for the human well-being and overall system 
performance, it is more comfortable and efficient operating in than a non-ergonomic fitted machine. 
Ergonomics implies that productivity and quality increases (Arbetsmiljöverket, 2014). Higher 
productivity may generate larger profits. So there are many different stakeholders who benefit from 
better ergonomics and operator environments: the employees, the companies, customers and 
society. 

The International Ergonomics Association claims that “ergonomics and human factors will be more 
important in postmodern era than when it was first introduced in the nineteenth century.” 
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Chapter 1 - Introduction 

(International Ergonomics Association, 2014)  Therefore; ergonomics becomes more and more 
important.  

Swedish Work Environment Authority says that: 

“Discomfort, fatigue and physical and psychological stress is a risk that the 
intended conditions of use should be kept to a minimum with regard to 
ergonomic principles e.g.  

- To take into account the variations in stature, strength and endurance of 
the operators,  

- Providing enough room for movement, so he / she can touch all parts of 
the body,  

- To avoid the determined work rate of the machine,  
- Avoiding monitoring that requires lengthy concentration,  
- Adapting the interface between man and machine to the operators’ 

foreseeable characteristics.” 

 (Translated from Arbetsmiljöverket, 1998) 

Thus it is important to adapt the machine and human machine interface for the human as much as 
possible.  

International Ergonomics Association also says that: 

“Practitioners of ergonomics and ergonomists contribute to the 
design and evaluation of tasks, jobs, products, environments and 
systems in order to make them compatible with the needs, abilities 
and limitations of people.” 

(International Ergonomics Association, 2014) 

They call design of ergonomics: human centered design which is a product development process 
(PDP) which aims to focus mostly on ergonomics. There are several design tools, called PDM-tools, 
which aim to facilitate ergonomics in product development.  

There are many companies operating in earthmoving market sectors like construction equipment, 
which makes the competition fierce. Caterpillar, Komatsu and Volvo Construction Equipment (Volvo 
CE) are leading in the wheel loader market and Case, Doosan, Hyundai, JCB, Liebherr and Volvo CE 
are aggressive in the excavator market. (World Highways, 2008) The industry newspaper World 
Highways has published several articles regarding improved ergonomics in construction equipment. 
Hence; the competitors are improving and investing in ergonomics which may be one important 
factor for competiveness in the future. 
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1.1 BACKGROUND 
Volvo Construction Equipment (Volvo CE) is a global manufacturer of other construction machinery 
than just wheel loaders and excavators (Volvo Construction Equipment, 2014). The picture below 
illustrates Volvo CE’s other machines: e.g. backhoe loaders (BHL), articulated haulers and 
compactors. 

 

Figure 5 - Volvo CE's product range (Volvo Construction Equipment, 2014) 

Volvo CE’s core values are Quality, Safety and Environmental care and they form their corporate 
culture (Volvo Construction Equipment, 2014). (Volvo Group, 2014) Volvos design philosophy state 
that “All design must start from the needs of people” (Volvo Construction Equipment, 2011). Since 
safety and quality is one of Volvos core values, and all design must start with the need of people, it 
should be important for the company to manufacture ergonomically safe machines. 

Mentioned earlier is that construction equipment imply sedentary work for the operators. They may 
sit in the machines for many hours every day. Below is an illustration of one of Volvo CE’s cabs; the 
BHL’s. 

 

Figure 6 - Volvo CE's backhoe loader (Volvo Construction Equipment, 2014) 
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Chapter 1 - Introduction 

The operator steers the machine using lever, switches, steering wheels and other controls in the cab. 
The controls should be placed in such a way that it optimizes the operators work tasks, to streamline 
the machine’s performance and decrease the operators work related injuries, i.e.; an ergonomic 
placement.  

Cab design engineers at Volvo CE has noticed that operators in e.g. the asphalt compactors often sit 
leaning to one side because they have to see the edge of the drum during the work. An operator that 
is leaning to the right naturally has more difficulty reaching the controls far to the left than if he or 
she sat up straight. Volvo CE wants to deepen the knowledge and investigate more carefully how 
operators are actually sitting in the machines and how this affects placement of operating controls. It 
is desired to identify how this knowledge should be managed throughout the PDP. Volvo CE also 
wants to deepen the knowledge about control placement in order to optimize control placement and 
have internal guidelines for how different control categories should be placed. 

Currently, Volvo CE’s cabs and operator environments are designed with the use of the ergonomics 
tool RAMSIS among others. It is a digitalized version of a human that are used in the three 
dimensional computer aided design program Catia V5, where the machines are designed. Volvo CE 
uses a sitting posture for the manikin that is optimized for heavy truck drivers; i.e. not optimized for 
their product range. Volvo CE wants to configure sitting postures in RAMSIS accordingly to their 
operators’ actual sitting postures.  

An increased understanding of operators' working environment, their sitting postures and 
improvements of controls placements may give Volvo CE an opportunity for increased 
competitiveness in the increasingly tough market.  

1.2 PURPOSE AND GOAL 
The purpose is to enhance Volvo CE’s product development process by suggesting guidelines for 
control placement with improved ergonomics, based on operators’ sitting postures. 

To fulfill the purpose, the following research questions shall be answered.  

RQ 1. Why, when and how should Volvo CE’s product development process be improved in regards 
to ergonomics? 

RQ 2. What method for posture identification is suitable for Volvo CE? 
RQ 3. What parameters in RAMSIS control the manikin’s posture and placement of controls? 
RQ 4. How does sitting postures effect placement of controls? 
RQ 5. How should controls be placed in the operator environments using the ergonomic tool 

RAMSIS? 

The goal is to deliver a process which (i) identifies and transfers sitting postures to RAMSIS and (ii) 
use them for control placement recommendations in the cab and operator environments. Thus 
enhancing the product development process ergonomically based on operators’ sitting postures. 
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1.3 DELIMITATIONS 
• Control placement will be suggested for control categories – not separate controls 
• Control placement is delimited to physical use and will be suggested with basis of the 

operator – no other technical aspects 
• Ergonomics is delimited to concern physical ergonomics – not cognitive 
• The delivered process has to work in 80% of Volvo CE’s machine types 
• Only placement of controls will be studied, not their design 
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  Chapter 2 – Theoretical framework 

2 THEORETICAL FRAMEWORK 
This chapter contains all information needed to define a process which is fitted in a product 
development process, for identifying sitting postures and place controls in an ergonomic matter from 
these postures. Therefore, the following six different areas are relevant: 

• Product development processes 
• Anthropometry 
• Ergonomics for seated work 
• Ergonomic placement of controls 
• Categorizations of controls 
• RAMSIS software 
• Methods for posture recording 

2.1 PRODUCT DEVELOPMENT PROCESSES 
This section will describe theoretical Product Development Processes (PDP), the steps that leads to it 
and where ergonomic aspects should be incorporated for optimal development of ergonomic 
products. 

In 2008, Eklund et al. developed a PDP with three different processes as a starting point; Ulrich & 
Eppinger (1995), Ullman (1997), Johannisson et al. (2004). All of which, according to Eklund et al. 
(2008), are established descriptions of the PDP. This thesis will base this section on the PDP from 
Ulrich & Eppinger from 2008, and the ergonomic PDP from Eklund et al. also from 2008. 

What is a product development process? It is a series of activities and methods that describes and 
assists during development and commercialization of a new or updated product (Eppinger & Ulrich, 
2008). 

What are the benefits? According to Ulrich & Eppinger (2008), there are five big benefits with a 
detailed PDP. First it enables strict quality assurance since a project can’t continue to the next phase 
if the product doesn’t meet its requirements. Additionally, it facilitates both planning, management 
and coordination of resources and roles in the project. And last but not least, a carefully designed 
PDP enables continuous improvement of a company and its product development work. (Eppinger & 
Ulrich, 2008) 

The PDP is herein described from the designers’ point of view, focusing on ergonomics, starting with 
Ulrich & Eppinger’s version. 
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2.1.1 PRODUCT DEVELOPMENT PROCESS ACCORDING TO ULRICH & EPPINGER (2008) 
Ulrich & Eppinger (2008) divides the PDP in six different stages as seen in the picture below. 

 

Figure 7 - Ulrich & Eppinger Product Development Process (2008) 

Phase 0 – Planning has been added since their 2005 version. (Eppinger & Ulrich, 2008) (Eklund, et al., 
2008). 

Each phase in the PDP is completed when the product fulfills its requirements that are set 
continuously during the PDP. It is also checked if the project reaches the predefined milestones. 
(Eppinger & Ulrich, 2008) 

The rest of this section will describe the six phases and activities of an optimal PDP including the 
Product planning Process (PPP), and where ergonomic aspects should be incorporated in these 
processes. 

PHASE 0 – PLANNING (PPP) 
Ulrich & Eppinger (2008) defines the PPP with five different steps: 

Step 1 Identify Opportunities 
Step 2 Evaluate and prioritize projects 
Step 3 Allocate resources and plan timing 
Step 4 Complete pre-project planning 
Step 5 Reflect on the results and the process 

Now follows a description of these steps. 

Step 1 - Identify Opportunities 

An idea for new products or an upgrade of an existing one can come from different sources within a 
developing company. The research and development departments are examples of that kind of 
source. An opportunity can appear at any time which makes it important to note them down. 
(Eppinger & Ulrich, 2008) 

Opportunities for product development are closely correlative with customer needs according to 
Ulrich & Eppinger (2008). This interpreted as a good way of making opportunities is to understand 
and interpret customer needs. This can be done by documenting customer and user opinions, 
monitoring trends and examining similar products from competitors (Eppinger & Ulrich, 2008). 
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Ulrich & Eppinger (2008) recommends keeping shortly described opportunities gathered in a 
database, since good ways of making opportunities generates loads of them and requires a 
structured storage space. 

Step 2 - Evaluate and prioritize projects 

When having an abundance of opportunities one has to prioritize which opportunities should be 
further investigated. Ulrich & Eppinger (2008) describes Step 2 in the PDP as four perspectives of this 
evaluate and prioritize process. Those perspectives are: 

• Competitive Strategy 
• Market Segmentation 
• Technological trajectories 
• Product platforms 

When the opportunities that fit the company in the above mentioned aspects have been sorted out, 
it is time to make a plan for the future project.  

Step 3 - Allocate resources and plan timing 

A first approach of planning and preparing a project is to allocate resources to find out if the 
company can handle the project. 

If the project can be supported in terms of resources and is of great benefit to the company, 
Eppinger & Ulrich (2008) recommends making a project timing plan. A project timing plan clarifies 
the planned launch date, the readiness of the technology and market, and which competition the 
opportunity has. (Eppinger & Ulrich, 2008)  

When reaching this far, the project should be approved by the company and should be planned more 
thoroughly. (Eppinger & Ulrich, 2008) 

Step 4 - Complete pre-project planning 

According to Ulrich & Eppinger (2008), the pre-project planning should involve a Mission Statement 
(MS) which explains what preferences the product development project has to follow. Included in 
the MS is the following information: 

• Product Description 
• The customers’ benefits 
• Business goals (time, cost and quality) 
• Target markets 
• Assumptions and constraints (manufacturing, service, environment etc.) 
• Stakeholders 

The pre-project planning also involves choosing a project leader and assigning key staff to the task as 
well as deciding on a budget. (Eppinger & Ulrich, 2008) 
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Step 5 - Reflect on the results and the process 

The last step of the PPP is all about analyzing the results from the previous steps to assure that the 
quality of the opportunity and planning done so far has no shortcomings and fits every aspect of the 
company. It is preferable to set up a bunch of questions to be answered in this step to help with the 
reflection. (Eppinger & Ulrich, 2008) 

If the information and the MS so far seem flawless, the opportunity is turned into a product desired 
to be developed and the MS will be handed to the project group. (Eppinger & Ulrich, 2008) The 
methodology of developing the product is described hereinafter. 

PHASE 1 - CONCEPT DEVELOPMENT 
Phase 1 – Concept development is the phase where the actual product development starts. The 
phase contains three steps (Eppinger & Ulrich, 2008): 

• Identification of Customer Needs 
• Concept Generation & Selection 
• Concept Testing 

Identification of Customer Needs 

Since the opportunity identified in the earlier phase is closely linked to customer needs, one has to 
start with identifying more customer needs. This can be done through interviews, focus groups and 
observations. Customers chosen for these needs collective studies should be lead users or extreme 
users since it is those who have already made the changes to fit their personal needs. (Eppinger & 
Ulrich, 2008) 

The customer needs are then used to create a requirement specification which is a set of demands 
that the product has to fulfill and used to make sure that the future product corresponds to what the 
customer asked for. When the requirement specification is set, it is important to reflect whether the 
result and the process are sufficient. If not, iterate. (Eppinger & Ulrich, 2008) 

When reaching this far in the concept development, technical solutions are investigated and their 
costs are estimated. If the solutions are too expensive, one may have to revise the requirement 
specification. (Eppinger & Ulrich, 2008) 

Concept Generation & Selection 

Technical solutions lead to concept generation. It is important to understand the problem and to 
help with that, complex systems can be divided into sub-problems. Focus should be on the most 
critical ones. Next in the concept generation phase is to look for solutions both externally and 
internally. The survey that is executed externally comprises discussion with lead users, expert users, 
benchmarking the competitors and reading up on patents and published literature. The internally 
executed one is to generate as many solutions as possible both individually and in group. The idea is 
to find alternative solutions. (Eppinger & Ulrich, 2008) 

The concepts generated for the sub-problems are then combined into system concepts that seek to 
solve the opportunity found in the earlier phase. Hopefully, the project has generated several system 
concepts this far in the process. (Eppinger & Ulrich, 2008) 
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Thereafter concepts should be selected. Ulrich & Eppinger (2008) claims that one of the benefits with 
selecting concepts with a structured method is: 

”A customer-focused product: Because concepts are explicitly evaluated 
against customer-oriented criteria, the selected concept is likely to be 

focused on the customer.” (Eppinger & Ulrich, 2008, p. 128) 

There are two steps to select the best concept for further development. First the numbers of concept 
are reduced by eliminating the ones that doesn’t meet the criteria or fulfills them the least. Concepts 
can also be combined and improved. Thereafter, one estimates how important separate 
requirements are and how well the remaining concepts meet the requirements. The result is scored 
concepts and the concept with the highest score can be chosen for further testing and improvement. 
(Eppinger & Ulrich, 2008) 

Concept Testing 

One way of improving the chosen concept is to test it with uses. This is done by (Eppinger & Ulrich, 
2008): 

• Defining the test purpose 
• Choose the test population 
• Choose how to do the test 
• Communicate the concept 
• Interpret the response from the test-users 

It is important to reflect the result and the process after each step in the PDP (Eppinger & Ulrich, 
2008). In the next step, the concepts are further developed. 

PHASE 2 - SYSTEM-LEVEL DESIGN 
In phase 2 – system-level design, the concept is divided with the use of the method black box into 
sub-systems and the sub-systems into functions. Thereafter the sub-systems interaction will be 
designed first. (Eppinger & Ulrich, 2008) 

PHASE 3 - DETAIL DESIGN 
The detailed design focuses on three different areas (Eppinger & Ulrich, 2008): 

• Ergonomics (all human interfaces) 
• Aesthetic 
• Manufacturing 

Ulrich & Eppinger (2008) lists five questions that need to be answered concerning ergonomic needs 
(Eppinger & Ulrich, 2008, pp. 192-193): 

• “How important is ease of use?” 
• “How important is ease of maintenance?” 
• “How many user interactions are required for the product’s functions?” 
• “How novel are the user interaction needs?” 
• “What are the safety issues?” 

11 | P a g e  
 



Chapter 2 – Theoretical framework 

The problem with ergonomic design is that the cost may increase but the benefits of focusing on 
ergonomic- and aesthetic needs increases the brand identity, the product appeal and the market 
share as well as bringing in more profits. (Eppinger & Ulrich, 2008) 

Then the detailed design phase follows the same procedure described earlier (Eppinger & Ulrich, 
2008):  

1. Investigation of customer needs 
2. Concept generation 
3. Concept improvement 
4. Final concept selection 

The detailed design phase continues with the following activities: 

5. Create drawings and models 
6. Coordinate with engineering, manufacturing and external vendors 

The process of incorporating ergonomic and aesthetic needs differ for user-driven products and for 
technology-driven products. A technology-driven product is recognized by its technology-based 
benefits whilst a user-driven product is recognized by its high level of user interaction. User-driven 
products incorporate ergonomic and aesthetic aspects already after the planning phase while 
technology-driven products incorporate them during the concept testing part of the concept 
development phase. (Eppinger & Ulrich, 2008) 

The ergonomic and aesthetic aspects should be evaluated with five different categories (Eppinger & 
Ulrich, 2008): 

• Quality of the User Interface (Safety, comfortable outer design, easy to understand, easy to 
locate) 

• Emotional Appeal (Appearance, feel, sound and smell) 
• Ability to Maintain and Repair the Product 
• Appropriate Use of Resources (Environmental factors, material selection) 
• Product Differentiation (Does the product reflect the company’s brand?) 

The phase is concluded with design for manufacturing with the purpose of decreasing manufacturing 
costs, and robust design for improving the quality of the product. (Eppinger & Ulrich, 2008) 

PHASE 4 - TESTING AND REFINEMENT 
When developing products, it is important to produce prototypes to test the design of the product to 
make sure that there are no crucial flaws when the product reaches production. (Eppinger & Ulrich, 
2008) 

PHASE 5 - PRODUCTION RAMP-UP 
In the production ramp-up phase, the workers are prepared for the production start with a test 
period for the product in the intended production line. (Eppinger & Ulrich, 2008) 
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2.1.2 ERGONOMIC PRODUCT DEVELOPMENT PROCESS ACCORDING TO EKLUND ET AL. (2008) 
Eklund et al. (2008) describes the PDP from an ergonomic and user-centered point of view as the 
process in the picture below. They claim that their first phase relates to Ulrich & Eppinger’s Phase 1. 
(Eklund, et al., 2008) 

  

Figure 8 - Eklund et al. Ergonomic product development process (2008) 

A prerequisite for ergonomic product development is that the process is iterative and that the 
developers collaborate with the actual users. Therefore Eklund et al. (2008) says that information 
gathering and evaluation should be done continuously in every phase of the PDP. Information 
gathered should concern (Eklund, et al., 2008): 

• Users 
• Tasks 
• Usage environment 
• Technical solutions 

And can be gathered by the use of observations, interview, surveys, focus groups and other reports 
written earlier within the subject. (Eklund, et al., 2008) 

Evaluation in an ergonomic PDP should be done regarding four different areas (Eklund, et al., 2008): 

• Usability 
• Functionality 
• Ease of use 
• Risks 

Testing of the products should be done with (Eklund, et al., 2008): 

• Cognitive walk troughs 
• User tests 
• Risk analysis of usage 

Herein follows descriptions of the phases. 

  

Needs 
identification Planning 

Design, 
requirements, 
function and 

task 

Conceptual 
design Detailed design Construction 
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NEEDS IDENTIFICATION 
Needs identification is continuously ongoing in organizations but there are certain methods to be 
used to facilitate the process such as (Eklund, et al., 2008): 

• Market analysis 
• Systems for quality control 
• Statistical data 
• Customer interviews 
• Focus groups 
• Customer feedback 
• Competitor analysis 
• Patent monitoring 
• Disassembly analysis 

The needs lead to a problem definition which the product should solve (Eklund, et al., 2008). 

PLANNING 
When designing products that will be used by humans, it is important to plan the ergonomic 
activities at an early stage of the planning of the PDP. The most important part of product 
development is planning. The most important part of the planning phase is to decide on ergonomic 
handover points since almost all other work are based on those. Ergonomic work is preferably done 
before the technical development especially regarding requirements and construction. The planning 
of the ergonomic parts of a product should be updated continuously. (Eklund, et al., 2008) 

A group of people with both deep and wide ergonomic knowledge should be involved in the PDP. 
They should be authorized to make decisions concerning parts that involve interaction between 
human and technology. (Eklund, et al., 2008) 

From an ergonomic point of view, the planning should involve (Eklund, et al., 2008): 

• Handover points 
• Time plan 
• Resources such as money and equipment 
• A description of how much users are involved during the product development  

DESIGN OF REQUIREMENTS, FUNCTION AND TASK 
This phase in the ergonomic PDP is one of the most important ones since the product is still being 
planned. This is when the project analyses the problem and sets up a requirement specification. 
(Eklund, et al., 2008) Ergonomic aspects that need to be considered concern (Eklund, et al., 2008): 

• Physical factors such as sound, light, vibrations and climate 
• Musculoskeletal ergonomics 
• Cognitive ergonomic 
• Risk taking and errors 
• The functions that should be controlled by the user or by technology 
• User task analysis 
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CONCEPTUAL DESIGN 
The conceptual design phase aims to generate as many ideas as possible. (Eklund, et al., 2008) 
Creative methods are used within the phase to help with this. From an ergonomic point of view, 
there are three parts that helps create the link between the user and the product functions (Eklund, 
et al., 2008): 

• Use (both physical and cognitive) 
• Physical shape 
• Interaction 

The concepts generated in this phase should be evaluated and the ones that don’t fulfill the 
requirement specification will be removed. (Eklund, et al., 2008) 

DETAILED DESIGN 
In the detailed design phase, the project is supposed to decide on the final design of the product and 
set up design documentation. Eklund et al. (2008) point out that the detailed design shall be done 
from a user perspective. The product and its functions are evaluated against the requirement 
specification. Consider the ensemble between the user and the product. Physical measurements 
such as anthropometrics and physical limitations should be taken into account as well as the 
interaction. (Eklund, et al., 2008) 

CONSTRUCTION 
The ergonomic perspective in the Construction phase is to ensure that the final product fulfills the 
requirements and the detailed design set earlier in the PDP. It is also important to check that the 
risks are low. Several prototypes are often produced and tested at this stage. (Eklund, et al., 2008) 

2.2 ANTHROPOMETRY 
To be able to design useable products, or operator environments, the engineers need to know how 
high or wide a work bench can be for the operator to be able to reach all controls. The term that 
describes these kinds of measurements of the human body is Anthropometry (Ericson, et al., 2008). 

Anthropometry comes from the Greek word anthropos: man- and metons: measurements and it 
means humans measurements and proportions. Anthropometrical measurements are divided in two 
categories; static and dynamic data. Static data is lengths of body parts and body weight while 
dynamic data are related to grasp reach and operating space. (Ericson, et al., 2008) 
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In the pictures below, measurements are visualized, static to the left and dynamic to the right. 

 
Figure 9 - Anthropometrical static measurements (Ericson, 

et al., 2008) 

 
Figure 10 - Anthropometrical dynamic measurements 

(Ericson, et al., 2008) 

Since all humans differ in anthropometrical measurements, percentiles are used to define whether 
the individual are large or small (Ericson, et al., 2008). Percentiles are statistical distributions of an 
observation (Nationalencyklopedin, 2013). The 95th percentile represents the entire population 
except the very tallest and the 5th percentile represents everyone except the very smallest (Ericson, 
et al., 2008). 

To use a certain percentile for example body height, one has to know how tall that percentile really 
is. Based on BS EN ISO7250-1, an ISO-standard with the world’s 5th, 50th, and 95th percentile 
measurements was established. The percentiles are not divided per gender or nationality. (The 
Brittish Standard Institution, 2007) The 5th percentile therefore represents the world’s population, 
except the very tallest. Some specific measurements for the 99th percentile are available in BS EN 
547-3: 1996+A1:2008 Safety of machinery - Human body measurements - Part 3. Anthropometric 
data. 

One should also consider the fact that humans have become 10 millimeters taller each ten years 
during the 20th century. (Ericson, et al., 2008) 

2.2.1 ANTHROPOMETRICAL MEASUREMENTS 
What we already learned is that there are a number of anthropometrical measurements of the 
human body. Some of them are more related to seated work than other. The most important ones 
are listed in the table on the next page. The information is gathered from Arbete och teknik på 
människans villkor but they also correspond to the ones found in BS EN ISO3411:2007 Earth-moving 
machinery — Physical dimensions of operators and minimum operator space envelope. 
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Table 1 - Anthropometric measurements for seated work  

Anthropometric measurement Picture 

Sitting height 

 
Figure 11 - Seated anthropometrical measurements (Ericson, 
et al., 2008) 

Seated eye height 

Seated liability height 

Seated elbow height 

Seated grasp reach, vertically 
 

 
Figure 12 - Seated anthropometrical reach measurements 
(Ericson, et al., 2008) 
 

Length from elbow to fingertip 

Grasp reach, forward 

 
Figure 13 - Standing anthropometrical reach measurements 
(Ericson, et al., 2008) 
 

Arm length  
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2.2.2 ANTHROPOMETRICAL DESIGN METHODOLOGY 
Anthropometrical design methodology consists of fourteen steps. Below is a description of those 
(Karlsson, et al., 2008): 

1. Create a requirement specification including system goal, description of typical tasks, 
acceptable tolerances and effect on the system performance if these are not fulfilled. There 
after the systems geometry and placement of controls. 

2. Choice of population is chosen from e.g. reach, visual field and body dimensions. 
3. Choice of percentiles for the population.  
4. Create sketches for body dimensions. 
5. Create sketch aids, e.g. manikins. 
6. Sketch workplaces with the use of sketch the sketch aids. 
7. Mathematical analysis 
8. Create and analyze small scale models 
9. Define functional test requirements 
10. Create prototypes and test with users 
11. Evaluate zone of reach and operating space 
12. Create special measurement instruments 
13. Evaluate the prototypes and user tests 
14. Create design advice and recommendations. Create design standards with clear motivations 

and expected consequences.  

2.2.3 BODY LANDMARKS 
The local coordinate system 
was determined via markers 
on the buck with the origin set 
as the seat’s (SAE) H-point. 
Gayzik et al. (2012) found fifty-
four bony landmarks via a 
study on a 50th percentile 
human in a mock-up with a 
steering wheel. The landmarks 
was identified by the Faro-arm 
The landmarks are visualized in 
the pictures to the right, and 
named in the picture on the 
next page.  

 
Figure 14 - Body landmarks orthogonal 
view (Danelson, et al., 2012) 

 
Figure 15 - Body landmarks back 
(Danelson, et al., 2012) 
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Figure 16 - Body landmark names (Danelson, et al., 2012) 

2.3 ERGONOMICS 
The term ergonomics comes from the Greek words e’rgon (work), nomi’a (knowledge) and ne’mō 
(arrange). Thus; ergonomics is the interaction between people and technique. 
(Nationalencyklopedin, 2014) 

The population for ergonomic studies is often chosen from the following 5 categories (Ericson, et al., 
2008): 

1. Design for the largest individuals 
This category is chosen when designing operating space; even the largest operator has to be 
able to fit in the space. The 95th percentile is often chosen, which eliminates the 5% of the 
individuals that are tallest. 

2. Design for the smallest individuals 
This category is often chosen when designing for reach; even the smallest operator has to be 
able to reach the controls. The 5th percentile is often chosen, which eliminates the 5% of the 
smallest individuals. 

3. Design for all 
This category is chosen when both small and large individuals have to be able to use the 
product. 

4. Design for medium individuals 
Sometimes one have to design products for the medium individual as it often becomes more 
expensive to design for large and/or small individuals. 

5. Design for disabled individuals and special populations 
Society wants to design applications and products so that everyone can use it. That includes 
individuals sitting in wheel chairs and pregnant women as well. 
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2.3.1 ERGONOMICS FOR SEATED WORK 
The human breed has not changed in a physical manner during the last 20 000 years. However, our 
way of living has changed dramatically; from hunters and gatherers to farmers and recently to 
sedentary industrial workers. (Ericson, et al., 2008) It is not difficult to understand that the human 
breed is made for movement, not static sitting postures. 

“Your best posture is your next posture” 
- Norwegian ergonomist 

What the above citation (Ericson, et al., 2008) means is that there is no perfect sitting posture since 
the human breed is made for movement. Some of our body parts don’t even function normally 
without movement. One example of body part is the cartilage that actually does not contain any 
blood vessels and are therefore dependent on movement for the diffusion of nutrients. No 
movement in part of the body that contains cartilage will therefore suffer from nutritional 
deficiencies. This can lead to Work Related Musculoskeletal Disorders (WRMD). (Ericson, et al., 2008) 

Ericson et al. (2008) states that it is important for the individual to be able to maintain the natural 
curvature of the lumbar region without the need for muscular activation. The individual shall not be 
sitting with a 90 degree angle in the hip joint, but rather with 100-120° (Ericson, et al., 2008).  

Ericsson et al. also recommends the following for body postures (translated from p. 176): 

“ • Make it possible to vary posture as much as possible. 
• Avoid leaning forward postures for the head and the body. 
• Endeavor that the arms are kept next to the body. Hands above the 

shoulders may appear only during short periods of time. 
• Avoid twisted and asymmetrical postures. 
• Avoid postures that push the joints to its extreme positions for a 

longer period of time. 
• Use suitable backrest for all seated workspaces. 
• In use of large muscle power, the body part that practices the force 

should be in the position that provides the greatest force. 
• Avoid high pressure on sensitive soft tissue when support is used. 

 
 
 
 
 
 
 
 
 
 
 
“ 

Lifted arms increase the risk for Work Related Musculoskeletal Disorders (WRMD). Being shorter or 
taller than the work station’s measurements also increases the risk, as well as increased visual 
ergonomic conditions. (Ericson, et al., 2008) 

2.3.2 ERGONOMIC PLACEMENT OF CONTROLS 
This chapter concerns placement areas for controls. Theory regarding the design of the unique 
control and choice of components are therefore delimitated. 

“Control devices must be accessible, identifiable and understandable. The 
operator must therefore be able to reach the control device, discover it and 

understand how it should be handled.” 
(Translated from: Osvalder & Ulfvengren, 2008, p. 402) 

A control can be both steered by the use of an operator’s finger, hand or foot. (International 
Organization for Standardization, 2004)  
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From above information, the following theoretical categories can be applied: 

• Visual placement 
• Physical placement 

Note: That symbols and design of controls is limited from this study. 

VISUAL PLACEMENT 
As mentioned above, control devices must be easily identifiable and symbols for primary controls 
must be easily visible. The human eye has a restful line of sight which is 15° below the horizontal line 
of sight and the sight area preferred by humans is from the horizontal line of sight and 30° below. 
However, Up to 45° below is acceptable. (Ericson, et al., 2008) 

The human eyes have different visual fields. Boghard et al. (2008) defines them as the inner vision 
field, vision field and outer vision field. According to 
the software, these are defined as Sharp Sight Area, 
Optimum Sight Area and Maximum Sight Area in 
RAMSIS and are a part of an analysis tool for Visual 
field. The pre-defined settings for these areas are 
2.5°, 15° and 50°respective. (Human Solutions Assyst 
AVM, 2012). Bridger (2009) claims that the optimum 
sight area is 15° to each side but objects can be 
noticed at up to 95° on each side.  

Maier & Mueller (2009) categorized horizontal visual 
delimitations as optimum and maximum with eye 
rotation and head rotation. The table below is found 
in their article Vehicle Layout Conception 
Considering Vision Requirements. 

PHYSICAL PLACEMENT 
Locations of controls in Earth-Moving Machinery are measured from the Seat Index Point (SIP) (The 
Brittish Standard Institution, 2009). The H-point is a point in the middle of the hips of a 50th 
percentile male (Flannagan, et al., 1999). The SIP corresponds to the H-point when all seat 
adjustments are set in the center (The Brittish Standard Institution, 1999). It is used for design of 
work-place and is constrained with respect to the machine. That means that the location is the same 
regardless on the setting of the driver’s seat. (The Brittish Standard Institution, 1999) Hip location 
and eye location are the most important measurements for vehicle interior design. (Flannagan, et al., 
1999) (Flannagan, et al., 2002) 

The location of the controls shall not entail risk of unintentional activation. (International 
Organization for Standardization, 2004) The symbols that indicate what primary function the control 
is used for shall be easily visible for the operator. Controls intended to be used with the right hand 
should be placed on the operator’s right side, likewise for the left hand and the feet. (International 
Organization for Standardization, 2004) 

There are two areas measured which are important for control placement definition; zone of comfort 
(ZOC) and zone of reach (ZOR). The ZOC corresponds to the most comfortable location area for 5th to 

Figure 17 - Horizontal visual angles (Maier & Mueller, 
2009) 
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95th percentile measured from the SIP, regarding both arms and feet. ZOR is the maximum reach area 
from a static posture for the chosen percentile, also regarding both arms and feet. The ZOR for hands 
is calculated for hand grasp reach. It can be increased by 75 mm for finger grasped controls. The foot 
reach is calculated to the foot sole. (The Brittish Standard Institution, 2009) ZOC is a calculated area 
defined in BS EN ISO6682. 

According to BS EN ISO6682:2008 Earth-moving machinery - Zones of comfort and reach for controls, 
primary hand and foot controls should be located in the ZOC for both small and large operators, but 
it is not mandatory. In cases where the machine have two operating positions, the operator is 
allowed to rotate 30° to reach the primary hand controls in the other operating position. The same 
standard says that secondary hand and foot controls should be in the ZOR both for small and large 
operators. However, the operator may need to lean sideways and/or forward to reach them. (The 
Brittish Standard Institution, 2009) BS EN ISO3411 Earth-moving machinery — Physical dimensions of 
operators and minimum operator space envelope defines small and large operators as the 5th and 
95th percentile. A medium operator is defined as the 50th percentile. (The Brittish Standard 
Institution, 2007) If health and safety aspects are important, the 1st and 99th percentile should be 
used. (The Brittish Standard Institution, 2009) Controls should also be located where the operators 
expect to find them. (Ericson, et al., 2008) 

2.4 CATEGORIZATIONS OF CONTROLS 
In ISO10968 - Earth-moving machinery — Operator's controls, different categories of controls are 
defined; primary and secondary controls. The primary controls are divided in the ones that relate to 
the machine and to the equipment. Both primary and secondary controls are needed for the proper 
functioning of the machine. (International Organization for Standardization, 2004) 

Primary controls for the machine are frequently and continuously used controls for steering, pedals, 
gear selection, speed, travel direction, brakes, transmission and rotary/slewing motion. 
(International Organization for Standardization, 2004) (The Brittish Standard Institution, 2009) 

Primary controls for equipment are controls for blade control, bucket control, ripper control and 
similar. These primary controls are used frequently and continuously. (The Brittish Standard 
Institution, 2009) They concern raising/lowering operations, boom extending, retracting or 
articulating operations, backward-/forward motion, attachment operations and rotary/slewing 
operations (International Organization for Standardization, 2004). 

Secondary controls are all controls that are infrequently used by the operator but are needed for the 
proper functioning of the machine (International Organization for Standardization, 2004), such as 
lights, windscreen wipers, starter, park brake, heater, air conditioner. (The Brittish Standard 
Institution, 2009). 

2.5 RAMSIS SOFTWARE 
RAMSIS is a Digital Human Modeling (DHM) tool used for design and analysis of physical ergonomics. 
It is often used for automotive design. (Lee, et al., 2008) It is a mock-up of a human, called a 
computer manikin and integrated analysis tools for ergonomic investigation. The user of computer 
manikin programs can manipulate the manikin into different postures and movements. (Karlsson, et 
al., 2008)  
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RAMSIS uses postures based on SAE (Society of Automotive Engineers) reports. The picture below 
illustrates the heavy truck posture. 

 

Figure 18 - Heavy Truck Posture in RAMSIS 

The sitting postures are developed by asking a large number of drivers to sit as comfortable as 
possible in a mock-up of the concerned vehicle; a heavy truck in this case. The mock-up has no 
influences from other traffic and natural surroundings for a truck driver. (Flannagan, et al., 1999) 

RAMSIS uses both kinematical and geometrical models of the human, hence; internal and external 
models. The internal model is built upon the kinematical model and is a depiction of the human 
skeleton. (Pruett & van der Meulen, 2001) (HUMAN SOLUTIONS GmbH, 2012) Basically, it’s lots of 
simplified lines that define the manikin’s skeleton (HUMAN SOLUTIONS GmbH, 2012). The 
geometrical model, or the external model, is simply the surface of the manikin (Pruett & van der 
Meulen, 2001). This is what makes the manikin look like a human. The manikin is positioned using 
both the internal model, its skeleton, and the external model, its skin. The points can be constrained 
to other points in the Catia environment. (Human Solutions Assyst AVM, 2012) The body surfaces are 
then calculated using 120 anchor points (Pruett & van der Meulen, 2001). 

There are two kinds of versions for the manikin’s hands; Mitten like and 5 finger hand. The fingers 
are various detailed. (HUMAN SOLUTIONS GmbH, 2012) This thesis focuses on sitting postures why 
only the hand with the least details is described herein. 
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2.5.1 SKELETON POINTS 
The skeleton points (points corresponding to the humans joints) used in RAMSIS are listed in the 
table below and illustrated in the picture next to it. 

Table 2 - Skeleton points in RAMSIS 
Short name Full name 
PHPT H-point 
GHZ Hip-center 
GHUR/GHUL Hip-joint-r/hip-joint-l 
GLK Lumbar-sacrum-joint 
GLL Lumbar-joint 
GBL Thoracal-lumbar-jt 
GBB Thoracal-joint 
GBRK Chest-joint 
PNT Point torso angle 
POBE End-of-chest 
GHB Cervical-thoracal-jt 
GHH Cervical-jt 
GHK Head-joint 
GAUR/GAUL/GAUM Eye-r/eye-l/mid-eye 
PFIX Point-of-vision 
PKSP vertex 
GSBR/GSBL Clavicle-joint-r/-l 
GSR/GSL Shoulder-joint-r/-l 
GELR/GELL Elbow-joint-r/-l 
GHAR/GHAL Wrist-joint-r/-l 
GD1R/GD1L Thumb-joint-1-r/-l 
GD2R/GD2L Thumb-joint-2-r/-l 
GD3R/GD3L Thumb-joint-3-r/-l 
PDSR/PDSL Tip-of-thumb-r/-l 
GF1R/GF1L Finger-joint-1-r/-l 
GF2R/GF2L Finger-joint-2-r/-l 
GF3R/GF3L Finger-joint-3-r/-l 
PHSR/PHSL Finger-tip-r/-l 
GKNR/GKNL Knee-joint-r/-l 
GSPR/GSPL Ankle-joint-r/-l 
GFBR/GFBL Ball-joint-r/-l 
PFSR/PFSL Toetip-r/-l 

 

 
Figure 19 - RAMSIS Skeleton points 

 

They can be attached to other points in the Catia environment. (Human Solutions Assyst AVM, 2012) 
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2.5.2 SKIN POINTS 
There are more than 1200 skin points used in RAMSIS. RAMSIS can also 
handle user-defined reference points; active skin points, which can be used 
for posture adjustment just like the skeleton points. (HUMAN SOLUTIONS 
GmbH, 2012) (Human Solutions Assyst AVM, 2012) They are visualized in the 
picture to the right.  

RAMSIS uses anthropometrical databases. (Human Solutions Assyst AVM, 
2012)  

2.5.3 ANALYSIS METHODS 
RAMSIS contains different analysis methods. The following are descriptions 
of: 

• Reachability 
• Visibility 

Performing the analyses for reachability in RAMSIS is simple. Just select 
analysis tool reachability and choose left hand, right hand left foot or right 
foot. (Human Solutions Assyst AVM, 2012) The result for the hands looks like 
the picture below.  

 

Figure 21 - Zone of Reach analysis in RAMSIS 

Reachability is calculated from the current 
posture and reaches from the clavicle joint to 
the tip of the middle finger or from the hip 
joint to the tip of the foot. (HUMAN 
SOLUTIONS GmbH, 2012) 

There is another analysis tool that analyzes 
vision in RAMSIS. When using the vision 
analysis, there are four specimens that have 
to be made (Human Solutions Assyst AVM, 
2012):  

• The manikin’s sight point 
• Sharp Sight Area 
• Optimum Sight Area 
• Maximum Sight Area 

The analyses are made when selecting the analysis tool for vision circles or vision cones. For the 
vision circles analysis, one can define start- and endpoints of the circles. The cones or circles are then 
shown using the manikin’s sight point as a starting point. (Human Solutions Assyst AVM, 2012) 

  

Figure 20 - RAMSIS 
skin points 
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The pictures below demonstrate the tool. 

 
Figure 22 - Vision analysis with circles in RAMSIS 

 
Figure 23 - Vision analysis with cones in RAMSIS 

2.6 METHODS FOR POSTURE RECORDING 

2.6.1 FARO-ARM  
Archer & Kolich (2005) used a Faro Arm to collect driving postures. (Archer & Kolich, 2005) A faro-
arm is a 7-axis 3D digitizer. It has been used in a study for automatize posture recordings, the same 
study that generated the body landmarks described earlier. To be able to scan the body, the human 
had to sit perfectly still, why it was only used in 20 minutes at a time. The body landmarks were 
captured with an accuracy of ±0.02 mm and the surface scanning had an accuracy of ±0.68 mm. 
(Danelson, et al., 2012) 

2.6.2 CMM 
A study performed in 2008 measured the difference between preferred postures of North Americans 
and Koreans using a Coordinate Measuring Machine (CMM). It took about an hour to measure each 
individual posture. (Lee, et al., 2008) The method used for measurement in their study is developed 
by Reed et al. (1999) which measures automotive postures. The postures are assumed to be sagittal 
symmetric. The methods they used are therefore constructed with measurement on one side of the 
body. (Manary, et al., 1999) The one hour estimation time for measurement mentioned above is 
therefore only for measurement one side of the body. (Manary, et al., 1999, p. 2) 

2.6.3 MOTION CAPTURE 
Another way of recording human movements is with the use of a technique called motion capture 
(MoCap). (Karlsson, et al., 2008) MoCap is often used within the film industry when creating 
animated movies, but also in ergonomic studies. (Vicon, 2014) It is good practice for which you get 
fairly accurate values at positions of well-selected body parts (Vicon, 2014). These body parts can be 
body landmarks (Danelson, et al., 2012). MoCap has been used to capture sitting postures (Pruett & 
van der Meulen, 2001) (Bubb & Sabbah, 2008). 
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The methods records positions and movement of small markers that are attached on chosen body 
parts. (Roesler, 2011) The motions captured are then linked together with the manikin. This way, the 
collected coordinate positions creates a digital human’s movements. (Johansson & Larsson, 2007) 

There are two types of information gathering technologies for MoCap: 
• Inertial 
• Optical 

The inertial MoCap system uses small accelerometers to track a human’s motions. The 
accelerometers are placed on well-chosen parts of the body. (Scheffer & Cloete , 2008) General 
Motors (XSENS, 2011), Skoda and Hyundai (Synertial, 2014) have used this kind of equipment.  

Optical systems use infrared radiation and cameras that can see infrared reflections from objects to 
calculate objects positions in space (Johansson & Larsson, 2007). There are two ways of doing this: by 
several cameras and reflective markers or by depth sensors. A professor in Denmark said that the use 
of reflective markers and several cameras is the most accurate method. (Jalkebo, 2012) 

Vicon claims to be leading in development of optical MoCap with use of reflective markers (Vicon, 
2014). They are attached on objects that are to be captured. The cameras used are mounted on walls 
or on camera tripods. (Vicon, 2014) The markers have to be visible to at least three cameras at the 
same time (Jalkebo, 2012). Their technology is used by John Deere, BMW and Ford among others 
(Vicon, 2014). Equipment from Optitrack is also optical and their equipment is used by Caterpillar 
and John Deere (Optitrack, 2014). 

Depth sensors are developed by the company 
PrimeSense. The difference from the above fixed 
system is that depth sensors often only captures 
motion from one direction. (Jalkebo, 2012) The 
sensor is built with two cameras and one chip. One 
camera projects an infrared picture encoding in 
the environment, and one CMOS-sensor records 
image depths. (PrimeSense, 2013) This is 
illustrated in the picture to the right. 

The sensors should not be used for tracking very 
close to large objects such as walls. Tracking 
humans behind obstructing objects are not 
recommended. If the user is not visible for ten 
minutes, the system will lose track of it. Sitting 
postures are not recommended to use when 
calibrating the system. (Open NI, 2013) 

There is software available for making two and three 
sensors cooperate as well (IpiSoft Wiki, 2014). They 
are USB-powered (PrimeSense, 2013).  

Figure 24 - PrimeSense 3D sensor solution 
(PrimeSense, 2013) 
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3 METHOD 
This chapter will clarify how the research questions fulfill the purpose and explain this thesis’ analysis 
method. It will also state if the method is qualitative or quantitative and how the results will be 
validated and verified. The data collection method at Volvo CE will be explained in the next chapter. 

As the introduction chapter stated; Volvo CE wants to further investigate how actual sitting postures 
affect placement of controls in the cabs and operator environments and how controls should be 
placed more optimal. To investigate this, a method for posture identification and control placement 
has to be defined. The purpose of this study; to enhance Volvo CE’s product development process 
(PDP) with respect to ergonomic product development by focusing on sitting postures effect on 
placement of operator controls, can be divided into these knowledge areas: 

• Product development process 
• Sitting postures 
• Control placement 

Since Volvo CE uses sitting postures in the ergonomics manikin tool RAMSIS in Catia V5 for control 
placement, the thesis has to focus not only how the operators are sitting in the machines today, but 
also how these sitting postures can be transferred to the manikin in RAMSIS. This leads to a fourth 
area: 

• Posture transformation to RAMSIS 

The thesis will deliver a process to be used in parallel with Volvo CE’s PDP with a step by step 
explanation to identify sitting postures, transfer common postures into RAMSIS and using RAMSIS for 
control placement. 

The knowledge areas will be analyzed with the use of chapter 2 Theoretical framework as well as 
with information gathered from Volvo CE. The theoretical data presented in the second chapter is 
quantitative since the information widely covers several researchers’ suggestions and 
recommendations that can be applied in these knowledge areas. The data collection method for 
information from Volvo CE can be found in the next chapter; 4 Case study description. 

The knowledge areas will answer the five research questions. The order of the analyses are not the 
same order as the research questions since RQ4 may generate knowledge to be used in RQ3 which 
may generate knowledge to be used in RQ2. Therefore, the analyses are made in the following order: 

• Product development process (RQ1) 
• Control placement (RQ4 and RQ5) 
• Posture transformation to RAMSIS (RQ3) 
• Sitting postures (RQ2) 

Now follows descriptions of the knowledge areas (analyses), what theoretical sections that shall be 
used for which analysis, what information needs to be gathered from Volvo CE and whether the 
analyses are qualitative, quantitative and how the results shall be validated and verified. The 
analyses will include clarification of what parts are investigated enough, and which parts needs 
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further discussion and investigation which will be explained in the Knowledge merge and refinement 
section last in this chapter. 

3.1 PRODUCT DEVELOPMENT PROCESS 
The first analysis aims to answer the first research question; why, where and how should Volvo CE’s 
PDP be improved in regards to ergonomics? This will be done by analyzing why it is important to 
improve a PDP in regards to ergonomics and by comparing the flows of the phases of the processes, 
merging the activities and extracting the ones important for ergonomics. To be able to answer this, 
information has to be gathered regarding Volvo CE’s PDP, cab development, Design Philosophy and 
core values. This will be analyzed with the theoretical sections 2.1 Product development processes 
and 2.3 Ergonomics. The picture below illustrates this. 

 

Figure 25 - Analysis model for product development process 

To fulfill the purpose; this knowledge area will be used to give the framework for the process that 
shall be delivered. 

The analysis is qualitative since it will be based on the best practice ergonomic processes described in 
chapter 2 Theoretical framework and on Volvo CE’s PDP.  

The processes used for the merge shall be validated (i.e. ensured to lead to the expected result), in 
the analysis through comparison of the flows of the phases of the processes. If the processes comply 
schematically, the processes will be considered valid for merge with Volvo CE's PDP. Since the 
analysis is based on information gathered through quantitative research, the information should be 
valid and should give a valid framework for the process that shall be delivered. The framework will 
then be verified (ensured to fit Volvo CE’s PDP) with qualitative semi-structured discussions with 
experts of cab development at Volvo CE in chapter 10 Knowledge merge and refinement. 

3.1.1 SEMI-STRUCTURED DISCUSSION METHODOLOGY 
Semi-structured interviews, mentioned here as a semi-structure discussion, follow an interview form 
with both predefined questions and permission to ask further questions. The one who is asking the 
questions should have a clear view of what information is important for the use of the interview. 
(Karlsson, et al., 2008) 

Product development process 

Theoretical sections 

Product development 
processes Ergonomics 

Empirical sections 

PDP at Volvo CE Cab development Volvo Design 
Philosophy Core values 

Analysis 1 - Product development process 

Why improve ergonomics in Volvo CE's PDP? Where and how should ergonomics be improved in Volvo CE's PDP? 
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3.2 CONTROL PLACEMENT 
The analysis aims to answer the fourth and fifth research question; how should controls be placed in 
the operator environments using the ergonomic tool RAMSIS? And how does sitting postures effect 
placement of controls? This will be done by analyzing the related information in the theoretical 
chapter with information collected from Volvo CE. 

To be able to answer this, the analysis has to include 2.1 Product development process, 2.3 
Ergonomics and 2.4 Categorizations of controls from the theoretical chapter and machine steering 
and current categorization of controls has to be researched at Volvo CE. The picture below illustrates 
the above explanation. 

 

Figure 26 - Analysis model for Control placement 

This analysis will answer which control placements parameters that are affected by the operator’s 
posture and how controls should be categorized and placed in the cab. The answers will be merged 
in the framework for the process (Product development process) in chapter 10 Knowledge merge 
and refinement and will help to fulfill the purpose of this thesis. 

The analysis is qualitative since it will be based on current used categories, theoretically suggested 
control placement, laws and recommendations. Those will be merged to identify best possible 
solution for control categories and placements. Thus, all control categorization and placement 
perspectives in the Theoretical framework and in the empirical chapter 5 Volvo Construction 
Equipment shall be merged into one suggestion for control categories and one suggestion for control 
placement. 

The result for control categorization will be validated through qualitative examples of controls and its 
category belonging. The result for control placement will be based on the assumption that the 
recommendations at least have to fulfill the laws that applies to heavy automotive. The author will 
add own suggestions for control categorization and placement in the chapter 10 Knowledge merge 
and refinement if the analysis cannot validate that all controls are covered. If the suggested control 
placement is better in regards to ergonomics, the result is considered validated.  

Control placement 

Theoretical sections 

Product 
development 

processes 
Ergonomics Categorization 

of controls 

Empirical sections 

Machine 
steering 

Categorization 
of controls 

Placement of 
controls 

Analaysis 2 - Control placement 

Categorization of controls Placement of controls Sitting postures effect on 
placement of controls 
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The results will then be verified if it is good enough for suggestion to Volvo CE with qualitative semi-
structured discussions (see section 3.1.1 Semi-structured discussion methodology above) with experts 
of cab development at Volvo CE in chapter 10 Knowledge merge and refinement. This thesis will not 
be able to verify that the categories and placements work for all controls in all Volvo CE’s machines 
due to its delimitations. 

3.3 POSTURE TRANSFORMATION TO RAMSIS 
The analysis aims to answer the third research question; what parameters in RAMSIS control the 
manikin’s posture and placement of controls? This will be done by analyze of the parameters in the 
theoretical chapter with help by information from Volvo CE. 

To answer this, the analysis has to include the theoretical sections 2.2 Anthropometry, 2.3 
Ergonomics and 2.5 RAMSIS. Information regarding sitting postures and Volvo CE’s cab development 
needs to be researched at Volvo CE. The picture below illustrates this. 

 

Figure 27 - Analysis model for Posture transformation to RAMSIS 

This analysis will answer which control placements parameters that are affected by the operator’s 
posture and how controls should be categorized and placed in the cab. This analyze will also imply on 
which parameters are needed from the posture identification method which is described in the next 
section. The answers will be merged in the framework for the process (Product development 
process) in chapter 10 Knowledge merge and refinement and will help to fulfill the purpose of this 
thesis. 

The analysis will be qualitative since the parameters found in the theoretical chapter will be 
compared to the parameters for posture settings and anthropometry in RAMSIS, also noted in the 
theoretical chapter. Thus, all body landmarks that correspond to useful parameters in RAMSIS will be 
included in the result of the analysis. The analysis will be supported by information from Volvo CE 
regarding cab development and sitting postures.  

The results are validated in the analysis by ensuring that all parameters needed for posture setting in 
RAMSIS are included both in RAMSIS and in the theoretical chapter of this thesis. Parameters that do 
not conform both with RAMSIS and to parameters in theory will therefore not be a part of the result. 
The results of body landmarks will not be verified since it is delimited from this thesis. However, the 
result regarding percentiles will be verified with qualitative semi-structured discussions with Volvo CE 
ergonomics experts (see section 3.1.1 Semi-structured discussion methodology above). 

Posture transformation to RAMSIS 

Theoretical sections 

Antropometri Ergonomics RAMSIS 

Empirical sections 

Sitting postures Cab development 

Analysis 3 - Posture transformation to RAMSIS 

What parameters in RAMSIS control the manikin's postures and placement of controls? 
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3.4 SITTING POSTURES 
This analysis aims to answer the second research question; what method for posture identification is 
suitable for Volvo CE? The methods will be validated against a set of validation criteria which will be 
defined in the beginning of the analysis. The validation criteria will be set using information about 
what kind of environment it has to work in and what kind of delimitations Volvo CE has when 
working with their customers. 

To answer this, the thesis needs to gather information regarding previous studies, product range, and 
industry and working environment segmentation, operator environments and machine steering and 
sitting postures from Volvo CE. This will be analyzed with the use of 2.6 Methods for posture 
recording from the theoretical chapter. The picture below illustrates the above explanation. 

 

Figure 28 - Analysis model for sitting postures 

The answer to that question will be merged in the framework for the process (Product development 
process) in chapter 10 Knowledge merge and refinement together with the answers from the 
previous described analyzes. 

The analysis will be qualitative since it is sufficient to prove that the method investigated does not 
fulfill one of these validation criteria. Thus, if the method does not work for 20% of the machine 
types, the method is considered not suitable for Volvo CE. 

The methods that seem to fulfill the requirements and can be tested will be verified whether they 
are suitable for Volvo CE. Methods that seem to fulfill the requirements and cannot be tested due to 
delimitations of this thesis will be suggested for future research and will therefore not be verified. 

  

Sitting postures 

Theoretical 
sections 

Methods for 
posture 

recording 

Empirical sections 

Previous 
studies 

Product 
range 

Industy and 
working 

environment 
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Operator 
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Machine 
steering 

Sitting 
postures 

Analysis 4 - Sitting postures 

What method for posture identification is suitable for Volvo CE? 
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3.5 KNOWLEDGE MERGE AND REFINEMENT 
The results from the analyses will then be discussed and merged in a logical order in chapter 10 
Knowledge merge and refinement. The picture below illustrates how the knowledge areas will be 
merged. Product development process (grey arrow) will generate the framework for the process that 
this thesis shall deliver. Sitting postures, Posture transformation to RAMSIS and Control placement 
(purple, dark blue, turquoise arrows) will then be merged into that framework, in that order, which 
forms the process (blue arrow) that this thesis will deliver.  

 

Figure 29 - Analysis model for final process 

The verifications with the use of semi-structured discussions for the product development process 
analysis and for the second analysis for control placement will be made in this chapter. 

The next chapter explains the data collection method that will be used within Volvo CE. 
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4 CASE STUDY DESCRIPTION 
The previous chapter explained what information that is needed to be gathered regarding Volvo CE. 
This chapter will explain how this information will be gathered. 

The information that should be gathered within Volvo CE and Volvo Group concluded in the previous 
chapter is: 

 

Figure 30 - Information to gather from Volvo Group 

Information regarding Volvo CE’s core values and product range will be researched on Volvo CE’s 
webpage and discussed with employees at Volvo CE. Information about which markets the machines 
are sold to and which types of users that use their machine will be perceived the same way. 

Information regarding categorizations of industries and working environments for the machines will 
be researched in internal documents and discussed with employees with relevant knowledge.  

Information about operator environments, machine steering and sitting postures will be perceived 
from driving machines and watching others drive, both in real life and in movies. This way the author 
can form its own perception of how both experienced operators as well as inexperienced operators 
handle the machines.  

Information about current categorization of controls will be gathered from discussion with 
employees with relevant knowledge, and reading internal documents. 

Knowledge about the PDP and cab development at Volvo CE will be gathered from discussion with 
employees and reading the global development process booklet and internal documents relevant for 
this. An overall perception of cab development and the vision for the future will come naturally since 
the study will be carried out on a department that work with cab and operator environment 
development at Volvo CE. The department’s way of working in regards to the rest of the organization 
and how they handle claims from customers will also come naturally since the department isn’t 
isolated from the other development departments. 

Previous studies regarding sitting postures and control placement will be found via Volvo’s internal 
documents and through discussions with employees who has knowledge of ergonomics and human 
machine interaction. These previous studies will be found within Volvo Group, i.e.; Construction 
Equipment, Trucks and Buses.  
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The knowledge areas and where the information shall be gathered from are summarized in the table 
below. 

Table 3 - Relations between needed information from Volvo CE and sources 

 

Semi-structured discussions with employees to verify result from the knowledge areas described in 
the previous chapters will be with: 

• Former Lead engineer Ergonomics at Volvo CE 
• Ergonomics engineer at Volvo CE 
• HMI specialist at Volvo CE 

Discussion with other employees within Volvo Group that have extensive knowledge of the 
machines, ergonomics and human machine interaction (HMI) are: 

• Research and development engineer Ergonomics at Volvo CE 
• Ergonomics specialist at Volvo Trucks 
• Ergonomics specialist at Volvo Buses 
• Manager product planning Cabs 
• Global product manager wheel loaders 
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5 VOLVO CONSTRUCTION EQUIPMENT 
This chapter contains all information gathered from Volvo CE which was described in the previous 
chapter. 

Volvo Construction Equipment (Volvo CE) is a global actor that manufactures heavy machinery used 
for construction to more than 125 countries. (Volvo Construction Equipment, 2014) 

Customers are using Volvo machines in quarries & aggregates, energy 
related industries (oil & gas), heavy infrastructure, utilities, road 
construction, building, demolition, recycling industry, industrial material 
handling, and forestry industry. (Volvo Construction Equipment, 2014) 

Volvos core values are (Volvo Construction Equipment, 2014): 

• Quality 
• Safety 
• Environmental Care 

5.1 DISCUSSIONS WITH EMPLOYEES 
Utility Portfolio Manager BHL, 2013-09-17 
A Utility Portfolio Manager, reinforces that it is the use ergonomics that has to be focus. A machine 
should be comfortable operating in, not sitting in. It is important to investigate how the machine is 
used. The investigation should be done by talking with actual operators. It is also preferred to divide 
the controls into primary, secondary and tertiary. 

Team Leader Backhoe Loader Cab, 2013-09-18 
The team leader for the backhoe loader (BHL) cab wished that the operators spoken to should be 
from different markets to understand how the machine is used. It was made clear that the machine is 
operated differently depending on personality and that some controls should be treated as a primary 
function, like the radio should be treated as a primary function.  

Manager Product Planning, 2013-09-24 
A Manager for Product Planning wants to avoid using internal sources to understand how the 
operators are using the machine. When using customer clinics, which are the most common, it is 
possible that the result is affected by the presence of Volvo-staff when interviewing operators. 
Sometimes they may not want to express product criticism to employees.  

Ergonomics Engineer Cab and Operator Environment Common Solutions, 2013-09-25 
A engineer that works mostly with ergonomics states that the process has to be fast and easy to 
apply. This type of analysis is often made at a costumer site while the operator is in work and it is 
important to minimize the downtime in the costumer production process. The method shall be 
usable even with limited knowledge in ergonomics although analyzing the gathered data will need 
extensive knowledge within the area. The collection of the data should any employee at Volvo CE be 
able to do. The outcome has to be directly applicable in the development process, without the need 
for further analysis.  
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Ergonomics Engineer and former Lead engineer Ergonomics, 2014-04-29 
Together with the former Lead engineer Ergonomics at Volvo CE (nowadays Manager Common 
Solutions Cab and Operator Environment), they explained that there can be difficulties finding 
customers to visit with exact machine configurations that they are looking for, especially if the time is 
limited. The more requirements, the more difficult it gets. The amount of customers can also be a 
problem. 

Research Engineer Driver Environment & Human Factors, 2013-10-03  
A research engineer is considering what affects the sitting postures. They can be related to needs or 
to comfort e.g. is it to reach the controls? is it to see outside the cab? A cab can be designed from 
how the operator is sitting today, or from an optimal sitting posture. Something else that can be 
researched is which functions the operator uses in relation to which sight points.  

HMI specialist, 2013-10-04 
A HMI specialist described how they have been working with operator behaviors earlier.  

• Identify work tasks or machine configurations 
• Investigate what the machine looks like 
• Investigate how the machine works 
• Gather information by: 

o Interviews 
o Filming both from inside and outside to sync behavior with work task 

• Read up on the application before watching the movies 
• Decide what to look for in the movies 
• Subjective observation of movies 

One can find strange behaviors. This may require further investigation to see if it is related to that 
one operator. 

Ergonomics Team & Feature leader and a consultant, 2013-10-16  
The Ergonomics Team & Feature leader, and a consultant at Volvo Trucks say that RAMSIS sitting 
postures do not respond to how their drivers sit. Therefore, they use another ergonomic simulation 
program. 

They suggest sending a survey with pictures from the operator environment and asking questions 
regarding reachability and visibility before visiting the customers and ask if the customers can be 
contacted again for further questions. 

They also suggest that weather, abrasion on controls and visibility factors may affect sitting postures. 
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5.2 PRODUCT RANGE 
Volvo CE’s product range reaches from asphalt compactors to wheel loaders, all of which will be 
included in this thesis. Every machine type has different sizes and exists with different specifications 
and options to fit the customers’ needs. Below is a picture of the range and following is descriptions 
of the machines. 

 

Figure 31 - Volvo CE’s product Range (Volvo Construction Equipment, 2014) 

The picture above illustrates that Volvo CE’s product range is wide. There are machines with closed 
cabs, with just a ceiling and machines with just protective structures. The machines in the picture are 
(from left to right): 

• Skid steer loader 
• Wheel loader (WLO) 
• Backhoe loader (BHL) 
• Excavator (EXC) 
• Milling equipment 

• Articulated hauler 
• Motor grader 
• Soil compactor 
• Asphalt compactor 
• Paver 

 

5.3 OPERATOR ENVIRONMENTS AND MACHINE STEERING 

Volvo CE’s product range as mentioned above 
contains a lot of different machine types. All of 
which are steered with different types of 
controls. The pictures to the right illustrate 
some cabs of the WHL, articulated hauler and 
the BHL.  

The next pictures illustrate some of the 
machine and equipment steering in the cabs 
and operator’s environments. 

 
Figure 32 - Cabs and operator environments 
(Volvo Construction Equipment, 2014) 
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Figure 33 - Machine and equipment steering (Volvo Construction Equipment, 2014) 

The pictures below illustrate that there are several kinds of controls in the operator environments. 

 

Figure 34 - Controls (Volvo Construction Equipment, 2014) 

The pictures above show that some of the controls in the cabs are: 

• Levers 
• Different kinds of switches 
• Steering wheel 
• Keypads 
• Pedals 

The controls in the pictures are both steered with the operator’s hands and feet. Through own test 
driving, it was concluded that the usage frequency differs with regards of which type of machine that 
is concerned, which type of work the operator is doing and what function the control is controlling. 

Some of the machines have several operating positions. The BHL is an example of a machine that has 
two operating positions since it is a loader in one end and an EXC in the other. The operator shifts 
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between the different positions by turning the seat 180 degrees. This is illustrated in the picture 
below. 

 

Figure 35 - Backhoe loader cab (Volvo Construction Equipment, 2014) 

The controls that can be found in the BHL are summarized in Appendix: A BHL controls. 

5.4 CATEGORIZATION OF CONTROLS 
The common solutions department of CnOE TP has different groupings of controls (Application keys, 
2013): 

Information covered by Secrecy Agreement with Volvo. 

Herein, CnOE means both CnOE and CnOE TP. 
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Volvo trucks stated that controls should be categorized according to these following categories 
(Andersson & Nedergård, 2004): 

• Importance 
• Frequency of use 
• Function 

Controls that are used together should be placed near each other to avoid bad sitting 
postures. 

• Sequence 
In the western world should controls that are used in a sequence be placed from left to right, 
or from top to bottom. 

5.5 INDUSTRY AND WORKING ENVIRONMENT SEGMENTATION 
Volvo CE divides the industries where their products are used in so called industry segmentations 
(Volvo Construction Equipment, 2011):  

• Mining 
• Quarries & Aggregates 
• Energy related industry (oil and gas) 
• Heavy infrastructure 

• Utilities 
• Road construction 
• Building 

Each industry segment is defined with different applications. For example, the road construction 
segment is divided in the following applications (Volvo Construction Equipment, 2011): 

• Commercial Paving, Parking Lots 
• New Road Construction 

• Road Maintenance and Rehabilitation 
• Special Projects (Other) 

Each application is divided in different work steps. The steps create revenue for the customers. It is 
essential to understand how the customer makes money. (Volvo Construction Equipment, 2014) 

5.6 CAB AND OPERATOR ENVIRONMENT 
The departments that work with the cabs and steering stations are called Cab and Operator 
Environment (CnOE). CnOE is a technology platform (TP) within Volvo CE that is actually four 
different departments working with different machines from the product range. Focus in CnOE 
product development is the cab frame and placement of different components such as (Volvo 
Construction Equipment CnOE TP, 2014): 

• Operator seat 
• Instructor seat 

• Controls 
• Interior plastics 

Through own observations it is concluded that CnOE does not work with development of the actual 
steering functions, like hydraulics and such but instead focus on how to control the steering 
functions. As an example, the hydraulics raising and lowering the bucket on the wheel loader is not a 
part of the CnOE work; neither are the electrics in the cab. But the levers controlling the hydraulics 
function for raising and lowering of the bucket is CnOE responsibility. CnOE is responsible for the 
ergonomic function and construction of the cab and operator environment. The engineers have 
different responsibilities where ergonomics is one of them. 
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5.7 RAMSIS SOFTWARE 
CnOE use RAMSIS in Catia V5 to evaluate the design of the operator environment. They currently use 
methods for zone of reach (ZOR), zone of comfort (ZOC), visibility from inside and out of the cab, 
mirror visibility. RAMSIS doesn’t have an analysis tool for zones of comfort. CnOE has the calculated 
ZOC defined in BS EN ISO6682 exists as geometrical shapes for Catia V5. (Human Solutions Assyst 
AVM, 2012) The percentiles used in RAMSIS are ISO-standards 5th and 95th percentile. The pictures 
below illustrate Zones of Comfort and Zones of reach. 

 
Figure 36 - Zones of comfort 

 
Figure 37 - Zones of reach 

5.8 PRODUCT DEVELOPMENT 
During development of new products or improvements of existing ones, the product developers at 
Volvo Group can find design support in The Volvo Design Philosophy. Below are a few citations from 
it. 

“Volvo has a tradition of creating products and objects designed in such a way 
that they fulfill the criteria imposed on them by the conditions that apply in 
Scandinavia, therefore exceeding the expectations in other parts of the world.” 
(Volvo Construction Equipment, 2011, p. 11) 

“Volvo stands for humanitarian values in combination with a modern industrial 
culture.” (Volvo Construction Equipment, 2011, p. 15) 

“All design must start from the needs of people. Technology must be adapted to 
suit people and not the other way around.” (Volvo Construction Equipment, 
2011, p. 23) 

“Volvo must have a respectful attitude towards the customer’s need for cohesion 
and continuity, while at the same time challenging this need with new creations 
and innovative solutions.“ (Volvo Construction Equipment, 2011, p. 31) 
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Since Volvo CE's products are large and complex, cross-functional product development takes place 
between development departments. To help with the planning, communication and to structure the 
work, and ensure customer satisfaction, Volvo CE has a Product Development Process (PDP) specially 
designed to meet the company’s demands. It is called the Global Development Process (GDP) and is a 
Volvo-specific version of the V model (see Figure 38- V model below). (Volvo Construction 
Equipment, 2011)  

Each TP has broken down the GDP into their own process where the constituent parts are described 
in detail related to the work that the current platform performs. (Volvo Construction Equipment, 
2007) (Volvo Construction Equipment CnOE TP, 2014) The process below is described both from the 
overall GDP and from the CnOE process since the study is done on cab ergonomics. From now, the 
PDP, GDP and CnOE process is called the CnOE process. 

Through own observations it is concluded that the whole machine is designed in regards to the SIP. 
The SIP responds to the H-point (Volvo Construction Equipment, 2013). Own observation is that new 
cabs and operator environments are improvements and redesigns of existing products. 

Below follows a short description of the V model, then a description of the CnOE process.  

5.8.1 V MODEL 
The V model can be found in the standard ISO 26262-2. It is a process which contains both hardware 
development and software development. An illustration of the process can be seen in the picture 
below. (International Organization for Standardization, 2011) 

 

Figure 38 - V model 

The standard also states what other activities that has to be done during the process, and also which 
support function has to be available. (International Organization for Standardization, 2011) 

5.8.2 CNOE PROCESS 
The process consists of eight different phases where the first two are not included in what is the 
CnOE process. Those two phases are the Business opportunity and the Feasibility study. (Volvo 
Construction Equipment, 2007) The phases will soon be described more thorough. The six phases in 
the GDP that the CnOE process is based on can be seen in the picture below which comes from the 
GDP.  

Concept 
development 

System level 
development 

Hardware 
development 

Software 
development 

Production 
and operation 

System level 
integration 
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Figure 39 - Global Development Process (Volvo Construction Equipment, 2007) 

All phases are general described in the Volvo Construction Equipment GDP Booklet – A guide to the 
global development process. They are defined with a clear overall purpose and questions that will be 
answered during the current phase. The booklet also states the activities to be done during the 
current phase. All phases are completed at a so called Gate where the project is compared with its 
goals and the final delivery and future plan is updated. In the picture above, we can see that some 
phases have gates in the middle of the phase as well. (Volvo Construction Equipment, 2007) 

To start a new product development project, a market need has to appear. And to decide whether or 
not the need will be beneficial for the company, the need, or opportunity as it is called in the CnOE 
process, is investigated in the first phase – the Business opportunity phase (Volvo Construction 
Equipment, 2007). 

BUSINESS OPPORTUNITY PHASE 
In this phase, the opportunity’s prospects are investigated for the future and answer questions like 
(Volvo Construction Equipment, 2007): 

- Does the opportunity meet Volvo CE’s strategy? 
- When is the product supposed to be released? 
- What are the customer needs? 
- What adversities are most likely? 

This information is then written in a document called Business Opportunity Description (BOD). (Volvo 
Construction Equipment, 2007) A manager for product planning explained that to start a new project, 
the BOD must be approved at a decision forum with participants from different functions such as 
Research and Development, Market, Production and so on. 

The phase is finished when plans and decisions have been made for the next phase: Feasibility Study. 
(Volvo Construction Equipment, 2007)  
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FEASIBILITY STUDY 
In the Feasibility Study (FS), the list of needs will be expanded by looking at stakeholders needs. This 
will be done by gathering information from other departments at Volvo CE like market and product 
planning. Collecting stakeholder needs is time-consuming and difficult to do. The gathering of 
stakeholder needs and requirements may have to be done in an Advanced Engineering (AE) project if 
it requires a lot of time and other resources. The CnOE process also states that activities classified as 
bench marking are important. When bench marking, the competitors’ products are analyzed as well 
as Volvo CE: s own. The project group read documents from former customer visits, customer clinics, 
relevant patents and other information documented. They also look at their own products to find 
common parts that can be reused. (Volvo Construction Equipment CnOE TP, 2014) Read more about 
customer clinics and customer visits in section 5.9 Current operator involvement. 

The identified needs will also be rated and turned into requirements. (Volvo Construction Equipment, 
2007) The system description is detailed in a high level system specification (Volvo Construction 
Equipment CnOE TP, 2014). This is done in several steps in different categories such as functional 
requirements, system requirements and so on. (Volvo Construction Equipment CnOE TP, 2014) 

The requirements are prioritized in priority levels (Volvo Construction Equipment, 2011): 

• Crucial 
E.g. Legal requirements. These requirements shall be met, should reflect architecture 
description, conceptual design and shall have a clear motivation. 

• Essentials 
Requirements that create measurable value. They shall be met and should have a clear 
motivation. 

• Desirable 
These requirements add value to the product and should have a clear motivation which 
clarifies the value it creates against its cost. 

To finish this phase, one has to make sure that a proper product risk analysis has been made and that 
the business opportunity is still applicable. (Volvo Construction Equipment, 2007)  

The phase is finished the same way as the previous one; at a Gate with a plan for the next phase with 
information about everything from competence needs to product goals and summary of the 
Feasibility study. (Volvo Construction Equipment, 2007) 

PRE-STUDY 
This phase is actually the first phase of the CnOE process, as mentioned above. The purpose is to 
identify which parts of the system that are affected with this new product or product change and 
which concepts that should be investigated further. The idea is to reduce lead times by focusing on 
the critical systems first. Consequently, this phase contains both concept generation and concept 
reduction steps on a system level. (Volvo Construction Equipment, 2007) 

The CnOE process states that a lot of planning for the project is made in the beginning of this phase. 
Documents and decisions concerning organization plans, communication plan and roles and 
responsibilities during the project are a few of the planning activities. The project will also agree on a 
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project target, product cost, product requirement specification and a time plan. (Volvo Construction 
Equipment CnOE TP, 2014) 

The collection of stakeholder needs will also continue in this phase. Thereafter the project group 
develops system concepts, produce mock-ups and select a high level concept based on for example 
risk analyses among other. A few examples of systems mentioned are HMI and Cab frame design. The 
most important sub-systems are also defined in this phase. (Volvo Construction Equipment CnOE TP, 
2014) 

An engineer at CnOE explained that one important part of the pre-study is to develop sub-system 
requirement specification with the same priority levels as mentioned earlier.  

The phase is concluded with a detailed time plan and a decision document for the next phase’s gate; 
Concept Study, and with an update of the so called white book (evaluation document with lessons 
learned). (Volvo Construction Equipment CnOE TP, 2014) 

The CnOE process mentions one method – Black box. See definition of black box in section 2.1.1 
Product development process according to Ulrich & Eppinger (2008). 

CONCEPT STUDY 
The Concept Study phase begins with a recheck of the previous project targets and an update of the 
product requirement specification. The next activity is to further develop the system concepts and 
produce mock-ups of them. The concepts will be evaluated against key characteristics and an 
estimation of the cost will also be part of the evaluation. The best concept will be chosen for sub-
system concept development. (Volvo Construction Equipment CnOE TP, 2014) 

The system concepts will be checked against the black box from the phase before with all the 
stakeholders. And the work continues with interface and interaction work between the sub-systems 
and their surroundings. (Volvo Construction Equipment CnOE TP, 2014) 

This is the part where possible patent applications will be conducted. Then the project will break 
down the sub-systems into functions and sort them out to the people with the right knowledge and 
thereafter a product structure is created. A few of the sub-systems mentioned above that apply to 
CnOE are Human Machine Interface (HMI), controls and Ergonomic layout. Since cost is of great 
importance in Volvo CE everyday work, the sub-systems are valuated with cost based on the product 
cost target defined in the pre-study phase. (Volvo Construction Equipment CnOE TP, 2014) 

Mock-ups of the concepts are produced and these concepts are evaluated based on perspectives 
such as (Volvo Construction Equipment CnOE TP, 2014): 

• Safety 
• Environment 
• Design 

And the concepts that are insufficient are then eliminated. (Volvo Construction Equipment CnOE TP, 
2014) 

The phase is finished with a plan for next phase and a review of the relevant documents concerning 
markets and users. (Volvo Construction Equipment CnOE TP, 2014) 
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DETAILED DEVELOPMENT 
The detailed development phase starts with an update of the sub-system specifications and 
continues with further development of the sub-systems. (Volvo Construction Equipment CnOE TP, 
2014) 

The more highly developed sub-systems then undergo reviews and test stages (Volvo Construction 
Equipment CnOE TP, 2014): 

• Product cost vs. target review 
• Review of Technical Spécification 
• Project risk analysis 
• Component testing 

• Functional tests 
• Full system test 
• Safety review 
• Product risk analysis 

The GDP contains three different product releases. The B-release which is released before the formal 
design review is the first one. (Volvo Construction Equipment CnOE TP, 2014) 

The phase is concluded with a plan for the next phase. (Volvo Construction Equipment CnOE TP, 
2014) 

FINAL DEVELOPMENT 
In the Final development phase the finalized development of controls, ergonomic layout and HMI will 
be conducted. (Volvo Construction Equipment CnOE TP, 2014) The result of it as well as the project is 
then checked against the requirement specification and project goals, and reviewed from different 
groups and perspectives such as (Volvo Construction Equipment CnOE TP, 2014): 

• Operator reference group 
• Market reference group 
• Design reference group 
• Environmental analysis 

• Serviceability analysis 
• Project risk analysis 
• Product cost vs. target 

A set of machine testing is also in the CnOE process. The phase is ended with an update of the white 
book. (Volvo Construction Equipment CnOE TP, 2014) 

INDUSTRIALIZATION & COMMERCIALIZATION 
In this phase, the production line is prepared for Start of Production (SOP).The product is first 
checked against the requirement specification one last time to make sure that the right product is 
being prepared for production and then Volvo CE pre-produces machines and tests them before the 
real SOP. The phase is finished with an update of the so called white book where Volvo CE stores all 
experience knowledge. (Volvo Construction Equipment CnOE TP, 2014) 

FOLLOW-UP 
The Follow-up phase has no actual product development. Documents are handed over to the line 
organization that owns the new product, the project is evaluated against the project targets defined 
in the pre-study phase and the lessons learned are written down in the white book. (Volvo 
Construction Equipment, 2007) An engineer explained that this is where customer visits are med 
which will be described shortly. 
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5.9 CURRENT OPERATOR INVOLVEMENT 
Volvo CE work with user involvement in the development work in two different ways: 

• Customer Clinics (CC) 
• Customer Visits (CV) 

5.9.1 CUSTOMER CLINIC 
A Manager Product Planning explained that a CC is used for collecting operator opinions and 
information. CCs are often planned as a part of a pre-study before initiating a big project. They can 
also be performed for comparison when a competitor launches a new product, in other words, not 
that often. When planning a clinic, the dealers are asked to invite their customers to Volvo CE. It is 
then up to the dealers to choose which customers they want to send. The customers that take part in 
the clinic get all expenses paid by Volvo CE. The clinic is then performed on a test track where the 
operators get to operate in a pre-planned route. The operators also get to answer questions and 
methods like interviews and surveys are often used. The method is time- and cost efficient. The 
information collected from the operators is not impartial as they get paid to say what they think 
about a product. Furthermore, the fact that the dealers often choose their “good” customers, and 
those customers choose their “good” operators, often leads to the fact that Volvo CE often does not 
get to speak with the dissatisfied customers with a lot of opinions. The operators Volvo CE gets to 
speak with are the ones who are loyal to Volvo CE, and not the ones that can really contribute to a 
good result of the clinic.  

5.9.2 CUSTOMER VISIT 
The same manager for product planning explained that a customer visit (CV) gives information about 
the operators’ natural working environment, but it is difficult to find operators that can do without 
production time during a Volvo CE visit.  

5.10 PREVIOUS STUDIES 
Employees at CnOE explained that they have used methods to understand the operators and their 
work before. They have used both photography and filmed material. CnOE use GoPro cameras for 
these kinds of studies. The cameras can withstand dust and water which is required when used in the 
fields. They can be mounted in the cabs using the suction cups that are showed in the picture below. 

 

Figure 40 - GoPro camera and camera bracket 

The cameras have different fish eye settings which are useful in the cabs where the cameras cannot 
be placed so far away from the operator. 
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5.10.1 TRUCKS VISUAL FIELDS 
Volvo trucks base their visual fields on studies performed by the NHTSA (National Highway Traffic 
Safety Administration). NHTSA says that no devices should be placed so that it obstructs the view of 
the road. NHTSA also says that visual limits are divided into horizontal and vertical limits. They are 
based on the horizontal line of sight. Without rotating the head, the upper visual limit is 50-55°. It is 
limited when the eye brows are obstructing the view. The acceptable range is 5°. The lower visual 
limit is 70-80° and is limited when the cheek bone obstructs the view. Keyboards for reading and 
writing shall be placed maximum 45-60° degrees down from the horizontal line of sight. The head can 
rotate 50° up and down. (Fasnacht & Thompson, 2013) 

NHTSA also says that the vertical visual limits are two-folded. The maximum visual limit is 94° to each 
side. The visual limit however is 62° both to the left and to the right. The head can rotate 45° to both 
sides. Secondary displays may be located maximum 30° vertically. (Fasnacht & Thompson, 2013) 

5.10.2 TRUCKS SITTING POSTURES 
In 2004, a master’s thesis was conducted at Volvo Trucks Corporation. The master’s thesis evaluated 
truck drivers’ postures and positions. The method of the master’s thesis was to film the drivers 
during 4-5 hours in the morning and thereafter divide the identified postures and positions into 
different categories. The filmed material was translated into pictures. (Karlsson, 2004) 

To do this, different tasks, sub-tasks and segments were defined. The drivers were asked how old 
they were, which seat they had, which model the truck was and which year it was manufactured. The 
master’s thesis also logged how often a position or posture was used. (Karlsson, 2004) 

The sitting postures were classified according to which environment the truck was driven in and what 
other cockpit surroundings were used. (Karlsson, 2004) 

5.10.3 TRUCKS CONTROL PLACEMENT 
Placement of controls should be done functionally. It should also fit all operators’ needs and work 
tasks. (Andersson & Nedergård, 2004) Placement of controls affects safety (Sagesjö (2000) in 
Andersson & Nedergård, 2004). 

All controls that are used while operating should be placed so that a belted operator sitting in the 
operator’s seat can reach them. Others can be further away. (Andersson & Nedergård, 2004) 

Frequently used controls should be placed so that they are easy to find and so that the operator can 
keep the eyes on the road as much as possible. Controls used while operating should be placed near 
the operator’s forward line of sight. (Andersson & Nedergård, 2004) 

The location of the controls shall not entail risk of unintentional activation (Andersson & Nedergård, 
2004). 

Controls should be placed between elbow and shoulder height as close to the driver’s line of sight as 
possible to reduce the amount of time when the driver doesn’t focus on the road, according to 
Kroemer and Grandjean (2000) in (Andersson & Nedergård, 2004). 
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5.10.4 CE SITTING POSTURES 
CnOE has filmed material from every machine type. From watching these previous movies of BHL 
operators, the following conclusions can be established: 

Information covered by Secrecy Agreement with Volvo. 

The perceptions from the movies agrees with the authors own perception from operating a BHL, an 
articulated hauler, a WLO and an excavator (EXC). 
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6 PRODUCT DEVELOPMENT PROCESS 
This chapter aims at analyzing the first research question: 

Why, where and how should Volvo CE’s PDP be improved in regards to 
ergonomics? 

To answer that question and the analysis will go through these following steps: 

1. Importance of ergonomics (why) 
2. High level overall flows (validation of the processes used) 
3. Merge of process activities (where and how) 

The analysis will be based on the sections in the figure below. 

 

Figure 41 - Sections used in chapter 6 Product development process 

The chapter is then concluded with a short summarize where the research question is answered. 

6.1 IMPORTANCE OF ERGONOMICS 
Volvo CE produces complex products where function and use has to work together. The use factor is 
especially important in the cabs and operator environments since it is in those the machine is 
operated by a human. The theoretical section regarding Product Development Processes (PDP) 
stated that a detailed PDP ensures product- and PDP quality and facilitates planning, management 
and coordination of resources and roles. Quality is one of Volvos core values and the other reasons 
mentioned are all important aspects for Volvo CE and for ergonomics. To ensure ergonomic quality 
and make sure that there are resources to support ergonomic aspects during product development, 
the CnOE process should be well detailed. The same section also clarified that a detailed PDP is extra 
important when dealing with complex products and cross-functional work which is in line with the 
description of why the Volvo GDP and CnOE process is important.  

As mentioned earlier in this report, Volvo CE manufacturers heavy automotive used for construction 
work, which are controlled by its operators many hours every day. There is a high level of human 
machine interaction (HMI) in the cab since that is where the operator controls the machine. CnOE is 
a technology platform (TP) which works with product development and product care concerning Cab 
and Operator Environment. This implies that the user-driven parts of the processes described in this 
thesis should be integrated in the CnOE process. 

The Volvo Design Philosophy states that humanitarian values are important, that all design starts 
with the needs of people, and that technology can be adapted to people, but people cannot always 
be adapted to technology. This reinforces the statement that the CnOE process should be adapted 
for user-driven products and that technical issues should be solved to fit the human’s needs.  

2.1 Product 
development 
processes on 
page 7 

2.3 Ergonomics 
on page 19 

5.5 Industry and 
working environment 
segmentation on 
page 42 

 

5.8 Product 
development on page 
43 

 

5 Volvo Construction 
Equipment on page 
37 
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Conclusion: A detailed PDP ensures quality among others, which are Volvos core value. It is extra 
important for complex products with high level of use. The user/operator should be in focus during 
product development at Volvo, and since the operator environment is a user-driven product, the 
CnOE process should be detailed with focus on user-driven products. 

6.2 HIGH LEVEL OVERALL FLOWS 
This section merges the processes described earlier and highlights similarities and differences 
between them. 

The picture on the next page simplifies the analysis of the different PDPs described in this thesis. 
They are reported in this order: 

 
Figure 42 - Product development processes 

The high level overall flows will be described with the same illustrations. 

The ergonomic PDP stated that the first phase relates to Phase 1 – Concept development in the left 
column, in Ulrich & Eppinger’s 2005 version. However, need identification and planning starts 
already in Phase 0 – Planning in the 2008 version, why the analysis below have those two in two 
places. 

The ergonomic PDP stated that ergonomic aspects should always be one step ahead. Since the 
anthropometrical design methodology (ADM) produces and prototypes it should be in line during the 
CnOE process phases Concept study, Detailed development and Final development. Though, the 
ADM ends with recommendations and design standards, it has to be done before the technical 
development that starts in the CnOE process phase Concept Study. 

Remember that this thesis focuses on placement of controls and not component development. This 
implies that CnOE should work with recommendations of ergonomic layout before the Concept 
Study.  

The high level overall flows are compared in the figure on the next page. This thesis contribution will 
be displayed later. 

Ulrich & Eppinger 
(2008) 

Ergonomic PDP Anthropometrical design 
methodology 
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Figure 43 - Product development processes high level flow 
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The figure shows that all processes follow the same high level flow, but some of them have defined 
their start and end of the phases differently in time. 

Note: The processes are therefore considered validated.  

Ulrich & Eppinger (2008) start with planning just as the CnOE process, but they don’t have a phase 
where a pre-study is conducted since it is incorporated in Phase 0 – Planning and in Phase 1 – 
Concept development. 

The ergonomic PDP focuses on the earlier development and state that the Construction phase only is 
to ensure the ergonomic requirements. The ADM focuses even more on the beginning of the PDP. 
The CnOE process also incorporates a phase which is called follow-up where the product care takes 
place. 

Note: Ergonomics has its focus before the Concept Study. 

The ergonomic PDP clarifies that ergonomic product development needs descriptions of the user 
tasks and what functions the user should be involved in. This information should be gathered 
continuously. However, the ADM gathers this information first of all. 

All processes except the ADM discuss the importance of milestones. (Milestones are called hand over 
points in the ergonomic PDP.) These milestones are generally described by both the CnOE process 
and Ulrich & Eppinger but focused on ergonomic aspects in the ergonomic PDP. The project and the 
product are evaluated against the milestones at Volvo CE in so called gates. 

Ulrich & Eppinger’s PDP highlights pros and cons with ergonomic aspects and discuss economics. This 
area is not pointed out in the ergonomic PDP. The CnOE departments should learn more about those 
economic pros and cons to better motivate why ergonomic aspects are important and what benefits 
and added value they imply for the users and stake holders. 

Delimitation: Economic aspects are delimited from this study why the above is left as a 
recommendation. 

Recommendation: Educate engineers to highlight pros and cons with ergonomic aspects in relation 
to economics. 

The figure on the previous page shows that the ergonomics have a smaller focus in the CnOE process 
than in the theoretical processes. This despite the fact that the entire cab is designed with basis of 
mans’ hips, namely the Seat Index Point (SIP). Since the design of the cab is done in Catia V5, 
engineers should be supported by ergonomic tools in that program. Volvo CE uses RAMSIS as an 
ergonomic tool. 

Conclusion: The processes are validated for process merging since they follow the same overall high 
level flow. Ergonomics should always be one step ahead the technical development. Standards and 
recommendations for ergonomic layout should be done before the CnOE process phase Concept 
Study. The other ergonomic work should be done later.  
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6.3 MERGE OF PROCESS ACTIVITIES 
This section will analyze and combine the PDPs and make a suggestion for ergonomic focus in the 
CnOE process. 

The resulted process will end before the Concept Study since the ADM ends with an ergonomics 
standard and recommendations and since the resulted process should contain recommendations. 
Though, all process phases and activities will be analyzed to answer the first research question. 

All PDPs start with identifying customer needs in different categories. This is suggested to start in the 
CnOE process Business opportunity phase, which the CnOE process doesn’t have a clarification of. If 
ergonomic requirements are defined, they have to be part of the concept choice. The ergonomic PDP 
talks about co-operation with users and iteratively gather information about machine functions and 
tasks, users, user tasks, operating environment and technical solutions. The first four are in line with 
the ADM. Ulrich & Eppinger (2008) also suggests keeping shortly described opportunities in a 
database for development later on, which none of the others do. This will be further discussed in 
chapter 10 Knowledge merge and refinement. 

The CnOE process talks about information gathering from: 

• Other departments 
• Competitor analyses 
• Customer visits and clinics (The theoretical Observation studies, Interviews) 

The theoretical PDPs mention three more; Focus groups, disassembly analyses and surveys. The 
theoretical processes do not mention requirements identified in other projects like the CnOE process 
do. Both the CnOE process and the theoretical PDPs mention a lot of methods for gathering of 
customer needs which are summarized in Figure 45 - Detailed Feasibility study and Pre-study phase. 
These may have to be gathered in an Advanced Engineering (AE) project. Ergonomics has to be highly 
valued, or else concept with good ergonomics will lose the scoring (method to choose concept). 

The CnOE process does not discuss importance of ease of use, ease of maintenance and other factors 
like the theoretical PDPs do. Ulrich & Eppinger (2008) asked some questions to be answered 
regarding that. 

The theoretical sections claims that the detailed design is done from a user perspective and that it 
involves: 

• Physical use (Physical ergonomics, anthropometry, physical interface and interaction, 
physical limitations) 

• Cognitive use (Cognitive ergonomics, all human interfaces , cognitive interaction) 
• Aesthetic 
• Manufacturing 

This thesis focus is on physical use, which makes delimitation against the other perspectives natural. 

Delimitation: Detailed design of physical use 
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The CnOE process does not clarify which types of tests that should be done with users. According to 
the theoretical sections, testing of the products should be done with: 

• Cognitive walk troughs 
• User tests 
• Risk analysis of usage 

Since this thesis purpose to enhance Volvo CE’s PDP by defining why, when and how to improve 
ergonomics, it is hereby delimited to only concern User tests. 

Delimitation: User tests 

The only process that mentions test sequences claims the following: 

• Defining the test purpose 
• Choose the test population 
• Choose how to do the test 
• Communicate the concept 
• Interpret the response from the test-users 

It is not surprising that the CnOE process does not have this level of detail since the process then may 
be more of a burden than an aid. The empirical chapter does not describe what type of customers 
that are used for needs identification and testing. The theoretical chapter states that user needs and 
user test should be done with the involvement of expert users or extreme users. 

The CnOE process evaluates concepts, and prototypes from these perspectives: 

• Safety (which corresponds to the theoretical term Risks and are one of Volvos core values) 
• Environment (theoretical description: Appropriate use of resources, one of Volvos core 

values) 
• Design (appearance) 

The theoretical breakdown of design is: 

• Usability or Quality of the User interface (Safety, comfortable outer design, easy to 
understand, easy to locate, easy to reach) 

• Functionality 
• Ease of Use 
• Emotional Appeal (Appearance, feel, sound and smell) 
• Ease of maintenance 
• Product Differentiation (Does the product reflect the company’s brand?) 

The perspective Quality can be divided into different sub-categories. Quality can be related to Safety 
since good product quality is key to prevent unforeseen events. Quality is also related to usability 
since inadequate quality hampers the use. These following perspectives are recommended: 

• Safety 
• Functionality 
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• Usability 
o Comfortable outer design 
o Easy to understand 
o Easy to locate 
o Easy to reach 
o Easy to use 

• Quality of user interface 
• Environment (Appropriate use of resources, one of Volvos core values) 
• Design (appearance) 
• Emotional Appeal (Appearance, feel, sound and smell) 
• Ease of maintenance 
• Product Differentiation (Does the product reflect the company’s brand?) 

The thesis is delimited to concern easy to locate and easy to reach, since it is focused on control 
placement, why the other perspectives are not explained further.  

Delimitation: Easy to reach and locate. 

Conclusion: Below are pictures explaining which activities and methods that should be incorporated 
in the CnOE process. The left boxes are the current CnOE process and the boxes to the right contains 
the suggested improvements. 

 
Figure 44 - Detailed Business opportunity phase 
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Figure 45 - Detailed Feasibility study and Pre-study phase 
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Delimitations: Will not concern Technical solutions, Market analysis, Competitor analysis, 
Disassembly analyses, writing an ergonomic standard, making a time plan, ergonomic milestones, 
economic resources, establishment of ergonomic expert group, patents, storage of opportunities and 
needs, task analysis.  

 
Figure 46 - Detailed Concept study phase 

Delimitations: This study will only concern Physical use. 
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Figure 47 - Detailed development phase 

Delimitation: This thesis will not design a product, only a process. Thus, the following phases will be 
delimited.  
 

 
Figure 48 - Detailed Final development phase 

 
Figure 49 - Detailed Industrialization and commercialization phase 
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Figure 50 - Detailed Follow-up phase 

6.4 SUMMARY 
Why should Volvo CE’s PDP be improved in regards to ergonomics? 
A detailed CnOE process ensures product- and PDP quality and facilitates planning, management and 
coordination of resources and roles. It also focuses on the customers’ needs which are most 
important to Volvo CE. The operator should be in focus during product development at Volvo CE, and 
since the operator environment is a user-driven product, the CnOE process should be detailed with 
focus on user-driven products. 

High-level overall flows 
If the processes found in the Theoretical framework follow the same high level flow as Volvo CE’s 
GDP, i.e. the CnOE process, the processes are considered valid for merge with the CnOE process. 
Since the analysis described that they do follow the same high level flow, the result of this analysis 
can be considered validated. (See chapter 3 Method) 

How and when should Volvo CE’s PDP be improved in regards to ergonomics? 
The CnOE process should be improved by focusing on ergonomic aspects in the beginning of the 
process, by designing products with a user perspective and by involving expert- or extreme users. 
Identification of ergonomics focused customer needs should be done continuously from the start of 
the process and ergonomic aspects should also be one step ahead the technical development. 

This thesis focuses on physical use and physical ergonomics such as design aspects concerning 
easiness of localization and easiness of reach. CnOE should work with ergonomic design standards 
and recommendations of ergonomic layout even before the Concept Study, preferably with the use 
of RAMSIS in Catia V5. The later ergonomics work is delimited from this thesis. 

A summary of how to improve ergonomic in the CnOE process excluding the delimitated activities are 
shown in the figure on the next page.  
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Figure 51 - Summary of improvements in the CnOE process 

The above improvements in the CnOE process are validated since they are based on best practice 
ergonomic processes and all ergonomic aspects are considered to be improvements. This way of 
validation is also mentioned in chapter 3 Method. 

6.5 FURTHER INVESTIGATIONS 
The activities found for improvement of the CnOE process in this chapter will be further described 
and applied for this thesis purpose in chapter 10 Knowledge merge and refinement. The chapter will 
also contain verification of the process. 

Chapter 10 Knowledge merge and refinement will also further discuss the suggestion to store 
opportunities and needs in a database. 

Business 
oppportunity 

phase 

Gather customer needs from earlier work and needs 
collected by other departments. 

 

Feasibility 
study 

Pre-study 

Gather information about: 
• Users 
• Machine functions 
• Machine tasks 
• User tasks 
• Operating environment 

Also gather information from reading 
documents from: 

• Systems for quality control 
• Statistical data 
• Customer feedback (Customer clinics 

or customer visits, customer claims) 
Write a problem definition 
Gather stakeholder needs by performing: 

• Customer interviews and focus 
groups with expert users and 
extreme users 

• Observational studies 
Write an ergonomic design standard with 
requirement specification, advice and 
recommendations, with considerations of 
physical factors 
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7 CONTROL PLACEMENT 
This chapter aims at analyzing the fourth and fifth research questions: 

How should controls be placed in the operator environments using the ergonomic tool 
RAMSIS? 
How does sitting postures effect placement of controls? 

To answer that question the analysis will go through these following steps: 

1. Different types of controls in Volvo CE machinery 
2. Categorization of controls 
3. Validation of the control categories 
4. Placement of controls 
5. Validation of the placement areas 
6. Sitting postures effect on control placement 

The figure below shows which sections that will be used. 

 
 
The chapter is then concluded with a short summarize which aims to answer the research questions. 

7.1 DIFFERENT TYPES OF CONTROLS IN VOLVO CE MACHINERY 
According to section 5.3 Operator environments and machine steering, controls in Volvo CE machines 
are steered by the use of the operator’s hands and feet. Some hand controls are pushed and some 
grasped. These kinds are used: 

• Levers 
• Joystick 
• Different kinds of switches 

• Steering wheel 
• Keypads 
• Pedals 

Some controls belong to a display but this thesis is delimited to not concern placement of detailed 
controls, only placement of control categories. Appendix A: BHL controls contain a list of available 
controls for the backhoe loader (BHL). 

Information covered by Secrecy Agreement with Volvo. 

BHL is one example of machine that has more than one operating position. 

  

2.1 Product 
development 
processes on 
page 7 

 

2.3 
Ergonomics 
on page 19 

2.4 
Categorization
s of controls 
on page 22 

5.3 Operator 
environments 
and machine 
steering on 
page 39 

5.4 
Categorization 
of controls on 
page 41 

5.10.3 Trucks 
control 
placement on 
page 50 

Figure 52 - Sections used in chapter 7 - Control placement 
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7.2 CATEGORIZATION OF CONTROLS 
Volvo trucks found that controls should be grouped according to: 

• Importance 
• Frequency of use 
• Function 
• Sequence of use 

Information covered by Secrecy Agreement with Volvo. 

There are a few legal requirements that apply mostly to frequency of use but a bit to function as 
well. According to the ISO-standards controls shall be classified as illustrated in the table below. 

Table 4 - ISO-standards control categories 

Primary for machine 
Frequently or 
continuously used that 
controls the machine. 

Primary for equipment 
Frequently or continuously used that 
controls the equipment 

Secondary 
Controls that are needed for the 
proper functioning of the machine, 
but are infrequently used. 

Steering Blade control Lights 
Pedals Bucket control Windscreen wipers 
Gear selection Ripper control Starter 
Speed Raising/lowering operations Heater 
Travel direction Boom extending Air conditioner 
Brakes Retracting or articulating operations  
Transmission Backward-/forward motion  
Rotary/slewing motion Attachment operations  
 Rotary/slewing operations  

Note that all controls categorized in the ISO-standards are crucial for the proper functioning of the 
machine and its work. ISO-standards do not mention other controls which do not concern the proper 
functioning of the machine.  

Volvo CE has already categorized the controls into functions. The following groups are created for 
frequency of use and function when merging the groupings of controls from legal requirements and 
Volvo CE groupings: 

Table 5 - ISO-standards control categories with Volvo CE function categories 

Table covered by Secrecy Agreement with Volvo. 

Now follows tables which summarizes which of the ISO-standards controls belong to which category 
at Volvo CE. 

Table 6 - Volvo CE function categories and ISO-standards' definition of controls 

Table covered by Secrecy Agreement with Volvo. 
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7.3 VALIDATION OF THE CONTROL CATEGORIES 
The following table is a categorization of the BHL controls described in section 5.3 Operator 
environments and machine steering.  

Table 7 - Validation of control categories 

 Primary for 
machine 
Frequently or 
continuously used 
that controls the 
machine. 

Primary for 
equipment 
Frequently or 
continuously used that 
controls the equipment 

Secondary 
Controls that are needed for 
the proper functioning of the 
machine, but are infrequently 
used. 

Information 
covered by 
Secrecy 
Agreement with 
Volvo. 

 

Accelerator pedal   
  Ignition 
 Loader lever  
  Working light 
  Rear window washer and wiper 
  Cooling, air conditioning system 

Appendix A: BHL controls  also gave example of these following controls: 

• Hazard warning 
• Boom suspension/dampening 
• Audio mute 

All of which do not control the proper functioning of the machine, i.e. don’t fit into the above 
categories. Therefore, this categorization above is not sufficient for Volvo CE’s machines and the 
categories are therefore not validated. Chapter 10 Knowledge merge and refinement will investigate 
these further. 

7.4 PLACEMENT OF CONTROLS 
Volvo CE’s three priority levels for a requirement specification are used in the following analysis. Two 
of the levels are required and one is preferred. The required ones are: 

• Crucial (e.g. legal requirements) 
• Essentials (clear motivated requirement which creates measurable value) 

And the preferred one is: 

• Desirable (clear motivation which clarifies added value against cost) 

To simplify these requirement levels; Crucial are those who are described as shall in the literature, 
Essential are those described as should and Desirable are those that improve the ergonomics but are 
only recommendations. Note that both shall and should requirements are required. 

The theoretical section 2.3.2 Ergonomic placement of controls on page 20 stated that controls should 
be easy to reach, identify and understand. The placement of controls should be adapted by the users’ 
needs. They should also be easy visible and should not entail unintentional activation. The thesis is 
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delimited to only concern control placement and not understanding of controls. Thus, the analysis of 
control placement is divided into physical placement and visual placement. 

Since the machines are large and heavy and therefore may cause great damage (material and 
physical) if steered in a wrong direction, steering of the machine are related to safety. All controls, 
except those that are not used while operating, are considered related to safety in some way since 
the operator may lose focus on the road while steering controls. Since ISO-standards use 1st and 99th 
percentile humans when design concerns safety functions, placement of controls should be made 
with 1st and 99th percentile. Thus; Zone of reach (ZOR) should be defined for the 1st percentile of the 
used population. 

The following is an analysis of their location based physical and visual placement in regards to Volvo 
CE’s requirement priority levels. 

7.4.1 PHYSICAL PLACEMENT 
Primary controls, i.e. controls that are used continuously or frequently, should be located in the zone 
of comfort (ZOC); therefore it is not a crucial requirement but rather an essential. ZOC is calculated 
from the Seat Index Point (SIP) which is not affected by the sitting posture or seat adjustments. If the 
machine has two operating positions, the operator is allowed to rotate 30° to reach the primary hand 
controls in the other operating position; i.e. a crucial requirement. 

Secondary controls, i.e. controls that are infrequently used, should be located in the ZOR, but the 
operator may have to lean sideways and/or forward to reach hand operated controls. Hence the 
secondary controls have a desired requirement to be placed in the ZOR but the hand operated 
controls has an essential requirement to be located in the ZOR with leaning of the operator. ZOR was 
defined as how far you reach when you stretch out your arms or legs which imply that the zone will 
follow the sitting postures. RAMSIS calculates ZOR depending on the manikin’s posture whilst the 
ISO-standard calculates it from a static up straight posture. Thus; ISO-standards recommendation for 
control placement is without respect to sitting postures but RAMSIS is more accurate. 

Generally, hand operated controls should be placed between elbow height and shoulder height. This 
is to decrease the risk of WRMD in the shoulders. 

  

68 | P a g e  
 



  Chapter 7 – Control placement  

The ISO-standards requirements for control placement are summarized in the table below. 

Table 8 - ISO-standards control placement requirements 

 Primary for 
Machine 
Frequently or 
continuously 
used that 
controls the 
machine. 

Primary for 
Equipment 
Frequently or 
continuously 
used that 
controls the 
equipment 

Secondary 
Controls that are 
needed for the 
proper 
functioning of the 
machine, but are 
infrequently 
used. 

Primary for Machine 
with several 
operating positions, 
when operating the 
position one is not 
seated in 

ZOR  C C D  
ZOR + Lean 
forward and/or 
sideways  

  E  

ZOC E E   
ZOC + 30° twist    C 
Between 
shoulder and 
elbow for hand 
operated 
controls 

E E E E 

C = Crucial (Shall) 
E = Essential (Should) 
D = Desirable 

Note that the location areas mentioned here should be readjusted to just concern the areas between 
elbow and shoulder height but this is not mentioned in the ISO-standards. 

Controls should also be placed to the left if it is intended to be used with the left hand, likewise for 
right hand and the feet. 

7.4.2 VISUAL PLACEMENT 
The theoretical review found three different sight areas for which hand operated controls can be 
placed in RAMSIS: 

• Sharp sight area 
• Optimum sight area 
• Maximum sight area 

They are all visual cones and measured from the restful line of sight which is 15° beneath the 
horizontal line of sight. The sharp sight area is where they eye is focusing. The optimum sight area, 
which is preferred by humans, is defined as a cone from the restful line of sight with a radius of 15°. 
Thus; 30° to the left, right and down from the horizontal line of sight and 0° up. As much as 30° is 
acceptable, i.e.; 15° up from the horizontal line of sight. The maximum sight area has two different 
angles: ±50° or ±95°.  

The horizontal viewing angles without head rotation is optimally ±15°/30° and maximally 
±26°/35°/50°/60°. With head rotation are optimally ±60°/75° and maximally ±95°/120°/135°. 
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The NHTSA (National Highway Traffic Safety Administration) visual recommendations are 
summarized in the table below. The angles refer to the horizontal line of sight. 

Table 9 - NHTSA's visual recommendations 

 Up Down Left Right 
Absolute 
maximum 

50-55° 70-80° 94° 94° 

Maximum limit 15°  62° 62° 
Focus area 0° 30° 15° 15° 
Display and 
keyboards 

5° (acceptable 
range) 

Displays (15-30°) 
Keyboards (45-60°) 

30° 30° 

Limits with head 
rotation 

100-105° 120-130° 92°/124° 92°/124° 

The theoretical review presented no sources of the pre-defined settings for visual cones in RAMSIS. 
Therefore this analysis is based on the visual recommendations from the NHTSA and the other 
sources in the mentioned chapter. 

This is summarized as four different fields of views (FOV). The first is a narrow FOV which is related to 
where the person is looking while driving. The second area is the optimum FOV which has its most 
wide downward limit as the maximum tolerated limit for displays. The left and right limits are limited 
so that both eyes are capturing these areas. The maximum FOV is where one eye captures it. The 
maximum FOV with head rotation is the area where the head is rotated to its absolute maximum.  

Hence, the first area is the focus FOV. Controls and displays should not be placed within this area. 
The second area should be within 30° from the horizontal line of sight to the left, right and down. Up 
is 0°. This was agreed upon by all sources. Secondary displays may be placed within this area. Note; 
not controls. The third area should be 5° up, 60° down and 60° both to the left and the right. 60° is 
decided since keyboards should be placed within 45-60° according to the NHTSA. This is also the 
maximum area for horizontal viewing angles without head rotation according to Maier & Mueller 
(2009). The fourth should be 50° up, 70° down and 94° to the left and right. This is based on all 
sources except RAMSIS settings. The fifth area is the absolute maximum area when the person 
rotates its head to the maximum which is based on information from the NHTSA and Maier & 
Mueller (2009). Note that the person loses focus on the road in the largest FOV when focusing on 
objects outside the maximum FOV. 

Table 10 - FOVs 

 Up Down Left Right 
Focus FOV 0° 30° 15° 15° 
Narrow FOV 0° 30° 30° 30° 
Optimum FOV 5° 60° 60° 60° 
Maximum FOV 50° 70° 94° 94° 
Maximum FOV with 
head rotation 

100-105° 120-130° 124° 124° 

Thus; controls should be placed within the three bottom FOVs. But controls should not be placed 
where the operator has to see the road and work. Therefore, the three bottom FOVs should be 
delimited with the Narrow FOV. 
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Since both the 1st and 99th percentile should be able to see the controls, the visual placement area 
should be investigated using both percentiles. It could thus be relevant to investigate which area that 
both percentiles can see. E.g. which area is covered by both the 1st percentile’s optimum FOV and the 
99th percentile’s optimum FOV and can be called the general optimum FOV. 

Controls should be located where they are expected to be found. Primary controls, i.e. frequently 
used controls should be easy visible. There is no such information for secondary controls, hence 
infrequently used controls. Controls that are used while operating should be placed near the 
operator’s line of sight, hence the optimum FOV, to reduce the time lost from focus on the road. The 
theoretical chapter stated no such information regarding controls that are not used while operating. 
Controls should be easy visible so they should be located in what is defined as the optimum FOV but 
at least in the maximum FOV. Controls that are not used while operating should not affect the 
operator’s focus on the road and therefore may be placed in the Maximum FOV with head rotation. 
Hence, controls should be placed in different visual fields which are affected by the operators sitting 
postures. The table on the next page summarizes the recommendations for visual control placement. 

Table 11 - Recommendation for visual control placement 

 Used 
while 
operating 

Not used 
while 
operating 

Primary for 
Machine 
Frequently or 
continuously 
used  

Primary for 
Equipment 
Frequently or 
continuously used 

Secondary 
Infrequently used  

Optimum 
FOV E  E E  

Maximum 
FOV C     

Maximum 
FOV with 
head 
rotation 

 D    

C = Crucial (Shall)  E = Essential (Should) D = Desirable 

Note that foot controls are not concerned with visual placement. Hence; the control categories 
needs to be divided depending on if they are foot- or hand operated. 

7.5 VALIDATION OF PLACEMENT AREAS 
The analysis of visual placement revealed that controls also need to be classified in groups depending 
on if they are used when you are operating or not. The ignition for example does not have to be 
placed in the optimum FOV since it is not used while operating. The analysis didn’t give a clear 
answer on where to place infrequently used controls either. Therefore, placement of controls cannot 
be validated and must be discussed further in chapter 10 Knowledge merge and refinement. 

7.6 SITTING POSTURES EFFECT ON LOCATIONS OF CONTROLS 
The above analysis concluded that sitting postures does not affect ZOC. However, it affects the ZOR, 
height as well as eye location. Therefore, sitting postures affect FOVs, height and ZOR which should 
be used when placing all controls. Hence, sitting postures affect placement of all controls in the cabs. 

71 | P a g e  
 



Chapter 7 – Control placement 

7.7 SUMMARY 
The categorization of controls suggested in this analysis was not validated since controls were found 
that did not fit the categories. 

Placement of controls was also not validated since the analysis lacked information that could give a 
clear recommendation of location. This part also stated that the categorization of controls were 
insufficient. 

The analysis concluded that sitting postures affect ZOR and visual fields which are used for control 
placement areas but ISO-standards refer to a static posture. 

7.8 FURTHER INVESTIGATION 
Further investigation to be made in chapter 10 Knowledge merge and refinement concerns the 
following. 

• Control categories for: 
o Controls for support functions that do not affect the proper functioning of the machine 
o Controls used while operating 
o Controls not used while operating 
o Hand- or foot operated 

• Control placement: 
o Discussion of which controls belong to which visual limits 
o New categories 
o Visual placement for secondary controls 

• Discussion whether internal requirements for control placement should be stricter than the 
ISO-standards and other suggestions made so far. 

• Validation of control categories 
• Validation of control placement 
• Verification that control placement and control categories are good enough for 

recommendation with experts at CnOE at Volvo CE 
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8 POSTURE TRANSFORMATIONS TO RAMSIS  
This chapter aims at analyzing the third research question: 

Which parameters in RAMSIS control the manikin’s posture and placement 
of controls? 

To answer that question the third analysis will analyze the following: 

1. Skeleton points, body landmarks and skin points 
2. Validation of body landmarks 
3. Percentiles 
4. Validation and verification of percentiles 

The analysis will be based on the sections in the figure below. 

 

Figure 53 - Sections used in chapter 8 Posture transformations to RAMSIS 

The chapter is then concluded with a short summary which aims to answer the third research 
question. 

8.1 SKELETON POINTS, BODY LANDMARKS AND SKIN POINTS 
The zone of reach (ZOR) and zone of comfort (ZOC) in the ISO-standard applies both to feet and 
hands. Therefore, the parameters for the whole body have to be taken into account.  

The theoretical sections claim that the most important measurements for vehicle interior design are 
hip location and eye location. This means that it is not important to know what the eyes are focusing 
on, but rather where in the space they are located. The eye location is measured from the middle of 
the eyebrows. A body landmark in the middle of the eyes is mentioned as important. 

The hips’ locations center point is described as the H-point and represents the Seat Index Point (SIP) 
when the seat is in its natural position without any adjustments made. The body landmarks 
described is extracted with use of the H-point. While the SIP is fixed, the H-point can vary with the 
seats adjustments. 

Anthropometrical measurements that are important for this kind of sedentary work according to 
theory are: 

• Sitting height 
• Seated eye height 
• Seated liability height 
• Seated elbow height 

• Seated grasp reach, vertically 
• Length from elbow to fingertip 
• Grasp reach forward 
• Length between middle finger tips 

2.2 
Anthropometry 
on page 15 

2.3 
Ergonomics 
on page 19 

2.5 RAMSIS 
software on 
page 22 

 

5.5 Industry and 
working 
environment 
segmentation on 
page 42 

5.10.4 CE sitting 
postures on page 51 
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The first four measurements are measured from 
the most bottom point of the compressed butt. 
But there are no body landmarks for this point. 
The picture to the right illustrates how difficult it 
is to use that kind of measurement. Both because 
there can be arm rest in the way but also 
because the person is sunk in to the seat. 

The landmarks for the other points of the 
measurements are: 

• Top of Head (TH) 
• Glabella (G) (point in the middle of the 

eyebrows) 
• Left and Right Lateral Clavicle (LLC & RLC) 

(Point where the collarbone ends) 
• Left and Right Radial Styloid (LRS & RRS) 

and Left and Right Medial Humeral 
Condyle (LMHC & RMHC) 

Length from elbow to fingertip corresponds to 
measurement from the LRS/LMHC landmarks to 
the top of the middle finger. However, there is no body landmark corresponding to the top of the 
middle finger. Therefore, there are no body landmarks corresponding to the length between tips of 
the middle fingers. 

Conclusion: anthropometrical measurements are difficult to use. 

The body landmarks in this thesis are conducted from a study in a seated driver environment, why 
these are highly relevant for identifying sitting postures in Volvo CE machines. Since eye- and hip 
location are the most important ones, these body landmarks are considered evident.  

RAMSIS uses skeleton points and active skin points to position the manikin. These points corresponds 
to the humans joints and skin and can be constrained to other geometries in Catia. Body landmarks 
correspond to hard surfaces on the human’s skin. Thus, there is a length difference between these 
points and the skeleton points.  

The table on the next page is a presentation of the skeleton points, body landmarks and skin point 
and their equivalence.  

The skeleton points and skin points that are colored green correspond to the body landmarks.  

  

Figure 54 - Difficulty with seated anthropometrical 
measurements 
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Table 12 – RAMSIS points and body landmarks equivalence 

BODY PART SKELETON POINT BODY LANDMARK SKIN POINT 
Head Vertex (PKSP) Top of Head (TH) KO1301 

Mid-eye (GAUM) Glabella (G) KO0909 
Head-joint (GKH) Back of Head (BH) KO0609 
 Left/Right Tragion (LT/RT) KO0707/KO0711 
 Left/Right Corner of Eye 

(LCE/RCE) 
KO0805/KO0813 
 

 Left/Right infraorbitale (LI/RI) KO0503/KO0515 
Spine Cervical-jnt (GHH) C7 UHW0205 

Cervical-thoracal-joint (GHB) T4 UHW0109 
Thoracal-joint (GBB) T8 OBW0009 
Thoracal-lumbar-joint (GBL) T12 UBW0009 
Lumbar-joint (GLL) L3 OLW0009 
Lumbar-sacrum-joint (GLK) L5 BEC0409 

Chest and 
shoulders 

End-of-chest (POBE) Suprasternal (manubrium) 
(SSM) 

UHW0101 

Shoulder-joint-l/r (GSL/GSR) Left/Right Lateral Clavicle (LLC 
& RLC) 

SBL0207/SBR0203 

Clavicle-joint-l/r 
(GSBL/GSBR) 

Left/Right Medial Clavicle 
(LMC & RMC) 

UHW0102/UHW0116 

 Substernale (xyphoid process) 
(SSX) 

OBW0001 

Hip  Pubic symphysis (PS) BEC0401 
H-point   
Hip-joint-l/r (GHUL/GHUR) Left/Right PSIS  
 Left/Right ASIS OLW0004/OLW0014 

Left/Right 
arm Elbow-joint-l/r (GELL/GELR) 

Left and Right Lateral Humeral 
Condyle (LLHC & RLHC) 

UAL0206/UAR0103 

Left and Right Medial Humeral 
Condyle (LMHC & RMHC) 

UAL0202/UAR0107 

Wrist-joint-l/r (GHAL/GHAR) 

Left/Right Ulnar Styloid 
(LUS/RUS) 

HAL0005/HAR0005 

Left/Right Radial Styloid 
(LRS/RRS) 

HAL0001/HAR0001 

Left/Right 
hand 

Tip-of-thumb-l/r 
(PDSL/PDSR) 

  

Fingertip-l/r (PHSL/PHSR)   
Left/Right 
leg Knee-joint-l/r (GKNL/GKNR) 

Left/Right Lateral Femoral 
Condyle (LLFC/RLFC) 

USL0107/USR0103 

Left/Right medial femoral 
condyle (LMFC/RMFC) 

USL0103/USR0107 

Ankle-joint-l/r (GSPL/GSPR) 

Left/Right Lateral Malleolus 
(LLM/RLM) 

 

Left/Right Medial Malleolus 
(LMM/RMM) 

 

Left/Right 
foot 

 Left/Right Heel (LH/RH) FUL0105/FUR0105 
Ball-joint-l/r (GFBL/GFBR)  FBL0106/FBR0106 
Toetip-l/r (PFSL/PFSR)  FBL0301/FBR0301 
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The table above shows that, there are four body landmarks that do not have equivalence skeleton 
point in RAMSIS. Those have equivalent skin points instead. These equivalent points can be used for 
posture transformation. The H-point is used to positioning the manikin in the operator seat and is the 
most important parameter for vehicle interior design as mentioned earlier. The H-point is therefore 
considered essential. 

8.2 VALIDATION OF BODY LANDMARKS 
The body landmarks that are suggested are validated since they conform both with RAMSIS and to 
parameters in theory. For further details see chapter 3 Method. The same chapter also clarifies why 
this result will not be verified.  

8.3 PERCENTILES 
The ergonomic chapter described five ways for selecting a population. Since Volvo CE machines 
should be able to be used by all, Design for all should be chosen which implies using the 5th and 95th 
percentile which are used by Volvo CE at the moment. The ISO-standards however recommend using 
the 1st and 99th for health- and safety important products. Since safety is one of Volvos core values 
and work environment are related to health, the 1st and 99th percentile should be used to represent 
the population.  

The theoretical chapter does not mention differences between the sexes. The ISO-standard 
percentiles, that Volvo CE uses, are based on the whole population, both male and females. RAMSIS 
uses percentiles from anthropometrical databases to describe the size of the human.  

8.4 VALIDATION AND VERIFICATION OF PERCENTILES 
The ergonomics engineer and former Lead engineer Ergonomics validated that the percentiles are 
good for suggestion Information covered by Secrecy Agreement with Volvo. 

8.5 SUMMARY 
The analysis validated that all the body landmarks found are equivalent to skeleton points and skin 
points in RAMSIS. It seems to be best to use the 1st and 99thpercentiles since machine operating is 
related to both safety and health aspects, but 5th and 95th are also an alternative Information covered 
by Secrecy Agreement with Volvo. 

8.6 FURTHER INVESTIGATION 
The information above in this chapter concludes that the use of Anthropometrical measurements can 
be difficult to use, not only because there are no body landmarks for the compressed seated butt, 
but also because there could be objects in the way and the fact that the persons butt is sunken in to 
the seat. 

Table 12 illustrates what body landmarks should be used to transfer the sitting posture into RAMSIS. 

There is a possibility to position the manikin using only skin points as reference points.  
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9 SITTING POSTURES 
This chapter aims at analysis of the second research question: 

What method for posture identification is suitable for Volvo CE? 

To answer that question the analysis will analyze the following: 
1. Identification of validation criteria 
2. Validation of available posture identification methods 

The analysis will be based on sections in the figure below. 

 

The chapter is then concluded with a short summary which aims to answer the above question. 

9.1 VALIDATION CRITERIA 
To investigate which methods for posture identification that is suitable for Volvo CE, criterion for 
validation of methods must be defined. 

The method shall be used to identify sitting postures in Volvo CE’s machines. The identified sitting 
postures will be used for placement of controls. Controls are steered both with the operator’s hands 
and feet. Therefore, the method has to capture the whole operator’s body. 

The CnOE departments want a general method that can be applied widely in their product range. 
When Volvo CE visits customers, they may have difficulties to decide which machine model the 
customer has that they want to visit; it is easier to decide which machine type. And it is far easier to 
discover it on site. CnOE decided that the method has to work in 80% of Volvo CE’s machine types. 
For the methods to wok in 80% of Volvo CE’s machines, it has to withstand the conditions in the cab 
and operator environments. Thus; the method and its equipment has to withstand bumpy and dirty 
environments.  

Volvo CE employees are not allowed to disturb the operator or cause downtime in the customers’ 
production. Therefore the method shall not disturb the operator and shall not steal the operator’s 
production time. Both Volvo CE’s employees and the operators/customer don’t have unlimited time, 
therefore one has to be able to ensure that the intended information is stored on site. 

The above analysis defined the following validation criteria: 

1. The method shall be able to identify sitting postures 
2. The method shall capture the whole operator 
3. The method shall work in 80% of Volvo CE’s machine types 
4. The method shall work in bumpy environments 
5. The method shall work in dirty environments 

2.6 Methods for 
posture 
recording on 
page 26 

5.1 Discussions 
with employees 
on page 37 

5.5 Industry and 
working 
environment 
segmentation on 
page 42 

5.3 Operator 
environments and 
machine steering 
on page 39 

5.10 Previous 
studies on page 49 

Figure 55 - Sections used in chapter 9 Sitting postures 
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6. The method shall not disturb the operator 
7. The method shall not steal the operator’s production time 
8. One must be able to ensure that the intended information is stored on site 

All of the above criterions have to be fulfilled to conclude that the method is suitable for Volvo CE. 
Hence; it is sufficient to prove that the analyzed method does not fulfill one of these requirements to 
conclude that it is not suitable for Volvo CE. Methods that fulfill the criteria are verified as suitable 
for Volvo CE. Methods that cannot be proven to fulfill the criteria but appear to do so, cannot be 
verified and are suggested for future research.  

9.2 VALIDATION OF AVAILABLE POSTURE IDENTIFICATION METHODS 
The thesis described a number of different ways and techniques for posture identification. Volvo CE 
has worked with two ways earlier: 

• Film 
• Photography 

Volvo Trucks have worked with: 

• Microsoft Kinect 
• Film 

The theoretical research found: 

• Faro-arm 
• Optical motion capture (MoCap) 
• Depth sensors (Microsoft Kinect and similar) 
• Inertial MoCap 
• CMM 

Now follows investigation of the methods in regards to the above mentioned validation criteria. 
Optical and inertial MoCap as well as Microsoft Kinect/depth sensors are validated under the heading 
Motion capture. 

9.2.1 FILM AND PHOTO 
Filmed and photographed material consists of the same element; a series of photographs. Films 
cannot be used within Catia. Therefore the analysis of films and photos are done with the use of 
photos. 

Since the operator tends to bounce around in some cabs, the use of only photos may not capture the 
right posture.  

Conclusion: Only photos should not be used for posture identification. 

GoPro cameras are used for filming and photographing at the Cab and Operator Environment (CnOE) 
departments. They have different settings as mentioned in section 5.10 Previous studies on page 49, 
several fisheye settings and a normal setting. 
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The first three requirements are that the method has to be able to capture the operator’s whole 
body in a sitting posture in at least 80% of all Volvo CE machine types. Volvo CE has 10 different 
machine types. Therefore, the film and photo method has to work on 8 of 10 machines. If the 
method does not work on three machines, it is not considered validated as suitable for Volvo CE. 

The test subject used for this analysis is a 186 cm tall male which almost corresponds to the 95th 
percentile which is 189 cm tall. The test subject is almost as tall as the tallest used when designing 
cabs at CnOE at the moment. 

The postures are three dimensional, and RAMSIS and Catia are three dimensional. Therefore, the 
photos have to be shot so that they capture the postures three dimensional. One picture has to be 
from the side, one from above and one from the front or from the back. This is difficult because: back 
the cameras cannot be in the way of the operator and it cannot be mounted from the front as it will 
obstruct the operator’s visibility. (This would fail validation criteria number 6.) The cameras cannot 
be placed from the back since it back is covered by the operator seat. And as seen in the pictures 
below, it can be difficult to attach the cameras in the ceilings since they are often made of textile. 

It may also be difficult to fit it in the ceiling 
since it is not made of materials that can be 
used with suction cups. Further investigation 
was made to make sure if this could not be 
solved some other way. 

Validation criteria number 5 stated that the 
method has to work in dirty environments. If 
the suction cups are mounted on dirty surfaces, 
they have a high risk of falling down. Hence; 
the method may not fulfill validation criteria 
number 5.  

Figure 56 - Volvo CE inner roofs 

The analysis continues with pictures (on the next page) from the different angels, snapped with the 
most fish eye setting available on the GoPro cameras to get the best conditions to fit the entire 
operator on the images. First are pictures from the BHL. The pictures are shot from the side and from 
above.  
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The top two pictures on the right are shot 
from the right side in the BHL cab. The 
camera is placed in the same place both 
times but the operator shifted position 
from loader position to excavator (EXC) 
position. The pictures show that the 
operator’s legs will not be captured. 

The bottom two pictures on the right are 
shot from the left side in the BHL cab. 
Also those pictures are shot from the 
same camera location and show that the 
operator’s legs will not be captured. 

 
Figure 57 - Backhoe loader sitting posture pictures 
from above 

 
Figure 58 - Backhoe loader sitting posture pictures from side 

The pictures to the left are two pictures that are shot from above. The camera has the same 
placement in both pictures. The pictures show that the camera has to change locating when the 
operator turns the seat to be able to capture the body from above. 

Noticeable is also that it is difficult to see where the body is under that jacket. Validation criteria 
number 6 stated that the method cannot disturb the operator; one cannot assume that the study will 
be conducted without a jacket. 

One alternative could be to enhance the body’s visual placement is to reinforce some well-chosen 
points on the body. The pictures below demonstrate that kind of reinforcement. 
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Figure 59 - Backhoe loader sitting posture pictures with body landmarks 

The operator wears a vest which has pink balls on the back to represent the vertebras in the spine. 
But those aren’t visual either with this method. The analysis showed that there are obstructive 
objects in the cab so that the entire body isn’t showed in the pictures/film. Another downside with 
the use of body landmarks is the amount of time required for setting up the body landmarks on the 
operator’s body. 

Filming in the BHL cab is not an alternative. The validation criteria stated that the method has to 
work for 80% of the machine types. The BHL is only 10 % of those. 

The pictures below demonstrate film and photo in an EXC. Those pictures show that the entire body 
will not be captured in the EXC either. Hence; the method does not work in 20% of the machine 
types. 

 
Figure 60 - Excavator sitting posture pictures 

The next set of pictures state that the method cannot be applied in the wheel loader (WLO) either. 
Thus, the method does not work in 80% of the machine types. 
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Figure 61 - Wheel loader sitting posture pictures 

An alternative with the purpose to go around this problem are herein described. 

One could use very many cameras from different angles but then the processing time from filmed 
material to finished postures would increase. CnOE could choose to only look at sitting postures in 
some machines, but with the delimitation to only investigate the upper body. Though, they have to 
investigate which machines this is possible in. Some machines have difficulty attaching the cameras 
on the sides and from above. Validation criteria 1, 2 and 3 are not fulfilled. 

Other problems with filming the operator is that if the cameras aren’t mounted tight enough in the 
cab, the bumpy road conditions will cause the cameras to vibrate. This is highly likely when mounting 
cameras from above since the ceiling often is made from some kind of fabric. Some machines don’t 
even have a ceiling or structure around the operator to attach cameras on. When extracting a 
posture from the films, the films have to be exactly synchronized. With vibrations counted in, it will 
be difficult to get the pictures to exactly relate to each other the same way as the cameras did in the 
cab. Thus; validation criteria number 4 is not fulfilled. 

It takes time to mount the cameras in the right place. Time measured for set up during these tests 
when the locations of the cameras were known was counted to five minutes. The body landmarks 
took ten minutes to set up. It is implied that the method will cause downtime in the customer’s 
production. 

It was also noticed that the information gathered could not be ensured in the field. Hence; Validation 
criteria number 8 may not be fulfilled. 

Conclusion: Using film and photo to identify sitting postures is not suitable for Volvo CE. 

9.2.2 FARO-ARM 
The Faro-arm was used for sitting postures at Volvo trucks and therefore fulfills validation criteria 
number 1. But the faro-arm demanded the person to sit absolutely still during the scan and therefore 
validation criteria number four is not fulfilled. Thus: Faro-arm is not suitable for Volvo CE. 

Conclusion: Faro-arm is not suitable for Volvo CE. 
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9.2.3 MOTION CAPTURE 
The theoretical chapter stated that there are two kinds of MoCap techniques; optical and inertial. 
MoCap delivers accurate locations and movements of the chosen body parts. It can be used for 
ergonomic studies which make it suitable for identification of sitting postures. It has been used for 
recording of sitting postures. 

In the theoretical chapter, the section 2.6.3 Motion Capture explained that depth sensors from 
PrimeSense doesn’t seem to work for seated postures or for capturing of motions near or behind big 
objects. Thus; depth sensors don’t seem to fulfill criteria 1, 2 and 3 and is therefore not suitable for 
Volvo CE.  

Conclusion: Depth sensors are not suitable for Volvo CE. 

The use of reflective markers and several cameras is the most accurate method according to a 
professor at a University in Denmark. The system use cameras that have to be mounted on walls or 
stands. Mentioned earlier is the fact that cameras have to be steadily attached in the cab to reduce 
the sources of errors due to uneven road conditions. The authors own observations of an optical 
system from Vicon are that the system is so accurate that vibration in walls and floors due to people 
walking on other floors is also captured by the system. This increases the faults in the captured data. 

The reflective markers have to be visible to three cameras all the time. The operator environments 
have big obstacles and obstructions. There may be a risk that the reflective markers are hidden in the 
cab but these cameras do not demand exact placements like ordinary cameras do. So it may not be a 
problem. 

The inertial system uses gyroscopes that are attached to the human body. The gyroscopes relative 
movements are captured. This method has no need for cameras and is not obstructed by obstructing 
objects. Information missing about inertial MoCap is how the equipment reacts in a very bumpy 
environment. There may be a lot of information saved that are related to the bumping and not to 
changes in the sitting posture. 

Conclusion: Without testing the method, there is not enough information about optical and inertial 
MoCap in order to advise against the equipment. 

9.2.4 CMM 
CMM is a method that measures coordinates of decided points. One measurement takes up to two 
hours and requires the operator to sit completely still during the measuring. Since operators tend to 
bounce around in the cabs and operators environments, a sitting posture is never completely still, 
and definitely not for an hour or two. Validation criteria number four, six and seven stated that the 
method has to work in bumpy environments and shall not disturb the operator nor cause downtime 
in production. These criteria are not fulfilled and thus; CMM is considered not suitable for Volvo CE. 

Conclusion: CMM is not suitable for Volvo CE. 

  

83 | P a g e  
 



Chapter 9 – Sitting postures 

9.3 SUMMARY 
What method for posture identification is suitable for Volvo CE? 
This thesis found seven different methods for posture recording; none of which were found suitable 
for identification of sitting postures in the actual machine. There were however two methods which 
were not proven unsuitable: inertial MoCap and optical MoCap. 

9.4 FURTHER INVESTIGATION 
Verification of MoCap will be conducted in chapter 10 Knowledge merge and refinement. 
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10 KNOWLEDGE MERGE AND REFINEMENT 
This chapter is the final analysis and discussions where prior conclusions from chapter 6, 7, 8 and 9 
will be merged to define the resulting process and recommendations presented in the next chapter. 

Section 3.5 Knowledge merge and refinement in the method chapter explained how the analyses 
should be merged in this chapter. Namely that the result from chapter 9, 8 and 7 should be merged 
into the process found in chapter 6, in that order. This will form the resulting process and set the 
recommendations, fulfilling the purpose defined on page 4. Herein follows short descriptions of what 
from the above chapter that will be discussed in this chapter, and where it will be found. 

Figure 51 - Summary of improvements in the CnOE process on page 64 shows the list of activities that 
shall be further investigated in this chapter. The ergonomics engineer and former Lead engineer 
Ergonomics verified that the ergonomics improvements are logical and therefore they can be further 
discussed in this chapter.  

Conclusion: The ergonomic improvements to the CnOE process are verified. 

The orders in which the activities are presented in this chapter are herein divided in subchapters. But 
first, the resulted process should be turned into an Advanced Engineering (AE) project. This because 
section Feasibility Study on page 46 stated that there are two reasons for turning a development 
project into an AE project, namely: 

• Customer needs may be gathered in an AE project 
• If the there is a lot of work that has to be done that may require much time and other 

resources 

Since the resulting process is both large and concerned to gather customer needs, the author 
suggests turning it into an AE project. This suggestion was verified by performing semi-structured 
discussions with the ergonomics engineer and former lead engineer ergonomics who said that it is 
reasonable to turn it into an AE project process. 

Conclusion: The resulted process is an AE project process. 

The first three activities in the activity-list concluded from chapter 6 Product development process 
mentioned above all concern gathering existing internal information. Therefore, these are merged 
into the first activity in the AE project: Gather existing internal information. 

Conclusion: The first activity in the resulted AE project process is Gather existing internal 
information. 

Because a user test begun with defining the test according to chapter 6 Product development process 
and the activity list contains writing a problem definition, the activities Write a problem definition 
and Gather stakeholder needs by performing: are merged to concern the test to identify sitting 
postures defined in chapter 9 Sitting postures and chapter 8 Posture transformations to RAMSIS  
mentioned above. The activity is hereby named Sitting postures identification.  

Conclusion: The second activity in the resulted AE project process is Sitting postures identification. 
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The last activity in Figure 51 - Summary of improvements in the CnOE process on page 64 was to write 
an ergonomic design standard with requirement specification, advice and recommendations, with 
considerations of physical factors. The cabs and operator environments are designed by engineers 
that may have limited ergonomics knowledge. Since RAMSIS works in Catia where the cabs and 
operator environments are designed, the author thinks that the best way of aiding the engineers is to 
generate this ergonomic design standard formed as a design aid using RAMSIS to be used in Catia 
when designing the cab and operator environments. The design aid should come with an instruction 
of how to use it. The ergonomics engineer and former lead engineer ergonomics states that 
guidelines and tools are good. It should be a basic aid to be able to do some things, but it has to be 
on the right level. The evaluations of the designed product can be made by anyone but analyze of the 
evaluation may be done by someone with more ergonomic knowledge. Following this, the activity is 
hereby named Design aid creation. 

Conclusion: The third and last activity in the resulted AE project process is Design aid creation. 

The three AE project process activities in the list below are herein further investigated in this chapter. 

1. Gather existing internal information 
2. Sitting postures identification (including further investigation from chapter 9 and 8) 
3. Design aid creation (including further investigation from chapter 7) 

10.1 GATHER EXISTING INTERNAL INFORMATION  
Chapter 6 Product development process concluded a list of information that should be gathered. In 
this case, it should consider sitting postures and control locations. The information should be 
gathered about: 

• Users 
• Machine functions 
• Machine tasks 

• User tasks 
• Operating environment 

The information to be gathered regards Machine and Users and will be described more thoroughly in 
the next sections; Machine and Users. 

The information can be gathered from: 

• Other departments 
• Existing competitor analyses  
• Existing disassembly analyses 
• Systems for quality control 

• Statistical data 
• Existing customer feedback (Customer 

clinics or customer visits, customer 
claims) 

However, these will not be investigated further in this thesis due to the earlier delimitations. 

A suggestion is to not only gather information within Volvo CE but also to gather knowledge within 
Volvo Group that can be applied to the investigated machine. 

Chapter 6 Product development process suggested a further investigation on page 64 to be to store 
opportunities and needs in a database. The author recommends collecting the needs and 
opportunities found in different categories like function, ergonomics, HMI etc. It is hereby also 
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recommended that CnOE have an internal requirement specification template with crucial, essential 
and desirable requirements that are continuously updated. These requirements can then efficiently 
be used for input into new projects’ requirement specifications. This way, all the customer needs can 
be found and incorporated in the Business Opportunity Description (BOD). 

Recommendation: Utilize a customer needs database, opportunity database and a requirement 
specification template can enhance collection of customer needs to the BOD. 

10.1.1 MACHINE 
This activity should gather information about: 

• The machine functions 
• The machine tasks 
• The machines operating environment 

Since this study regards placement of controls, information about the controls for the specific 
machine should be gathered as well. 

These kinds of information can be found using the internal systems within Volvo CE as well as Volvo 
CE’s website. Note that this informational source was not mentioned in the analysis. 

To be able to perform an ergonomics study on a machine, one should have basic knowledge about 
the machine per se. The author’s perception from operating machines is that sitting postures tend to 
vary depending on outer surroundings, interior equipment and what the operator has to see outside 
of the machine. It also varies with the work the machine is performing.  

The section 5.10 Previous studies on page 49 found that there is filmed material within Volvo CE on 
every machine type. The material is not meant to investigate sitting postures, but they are 
recommended for inspiration and knowledge acquisition. If the employee has limited knowledge 
about the machine like the author had in the beginning of the project, it is a good idea to watch 
movies to get a sense of the machine that it so be investigated.  

It is a good idea to write a summary of what kind of machine the study will be applied to. Section 5.5 
Industry and working environment segmentation on page 42 found that the machines at Volvo CE are 
divided into different industry segmentations and applications. The applications are also divided into 
different revenue generating work steps. The machine research should investigate the above. Road 
conditions should also be investigated. This information may have to be used to categorize the sitting 
postures and understand when, why and how often they appear. 

The author found that there are many different models within each machine type and they can be 
used for different applications. Following are guiding questions to help with the summaries. 

o What size alternatives are there of the machine type? 
o In what applications is it used and why? 
o What equipment does it have? 

It is recommended by the author to delimitate the study to concern specific segments, applications 
and road conditions, however, this may be difficult if the study is performed at the customers’ sites 
since it may be difficult to visit customers with exact machine configurations.  
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These following categories and sub-categories are therefore suggested for machine research: 

• Machine type and models 
• Machine industry segmentations 
• Machine segmentation applications 
• Machine functions 

• Work steps 
• Controls 
• Road conditions 

10.1.2 USER 
The activity should gather information about: 

• Users 
• User tasks 

Sitting postures are affected by which control that has to be used why this correlates work steps and 
machine functions above. It also correlates to interior equipment and controls why these should be 
incorporated in the machine research. The work steps and functions mentioned above often require 
some kind of user involvement or activation. It is recommended that information like user tasks and 
what functions the user should be involved in should be gathered continuously just like the customer 
needs and opportunities. They should also be gathered in the beginning of projects. In the beginning 
of this chapter, it was concluded that the resulted process should be is in the form of an AE project, 
and therefore it is recommended that the information should be gathered in the beginning of the AE 
project, but updated continuously so that the project delivers the best information possible to the 
project. Therefore it is logical to collect them in this sub process. 

Discussions with the team leader for the BHL cab revealed that the operators spoken to should be 
from different markets (countries) to understand how the machine is used and that the machine is 
operated differently depending on both personality and culture. Therefore, information regarding 
markets should be gathered. 

To gather information from different markets more efficiently, it is recommended to investigate 
which markets that have the most related claims, in this case for ergonomics. This way, CnOE can 
choose to visit or get visited by markets where it is more likely to get good ergonomics feedback. The 
product development process analysis also showed that it is most beneficial to involve extreme users 
and expert users in tests. So it would be preferable to come in contact with expert users, extreme 
users and users in markets that have many ergonomic related claims. 

This step should also define the size of the operators that are mend to use the machine type; e.g. 
choice of population. 

These following categories are therefore suggested for user research: 

• Function with user involvement 
• User tasks 
• Ergonomics aware markets 
• Choice of population 
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10.2 SITTING POSTURES IDENTIFICATION 
This activity is supposed to perform the sitting postures identification test and transformation of it to 
a manikin in RAMSIS, hence, the results and further investigations from chapter 9 Sitting postures 
and chapter 8 Posture transformations to RAMSIS will be described in this section. 

Chapter 9 Sitting postures validated that only optical or inertial motion capture (MoCap) may be 
suitable for sitting posture identification in Volvo CE’s machines. Chapter 8 Posture transformations 
to RAMSIS validated which body landmarks that should be used and in section 2.6.3 Motion Capture 
it was stated that body landmarks can be used together with MoCap. Thus, body landmarks and 
MoCap can be used together to transfer the sitting postures onto the manikin in RAMSIS. 

Section 5.8 Product development stated that most new cabs and operator environments are 
developed with further development of existing products. Investigation of sitting postures and 
placement of controls should therefore be done on the current generation of operator environment. 
The investigation of sitting postures is a type of test where of the users’ current sitting postures 
should be identified. Hence, user test should be conducted to form the ergonomic design standard.  

Chapter 6 Product development process found one test sequence. This test is found to the left below. 
The author’s interpretation is written on the right. 

1. Defining the test purpose 
2. Choose the test population 
3. Choose how to do the test 
4. Communicate the concept 
5. Interpret the response from the 

test-users 

1. Problem definition 
2. Choose the test population 
3. Choose method for sitting posture identification 

and transformation 
4. Explain and perform the test 
5. Interpret the gathered information 

Without having decided how to identify sitting postures, it will be difficult to decide on test 
population. The problem with sitting postures is that they changes depending on the person’s size. 
So the body landmarks locations will not only be different because of the different sitting postures 
but also because of the different lengths between them. It is important to discuss how to handle this 
range of sizes and sitting postures. It might be easiest for Volvo CE to do some form of percentile 
distribution on their own both with operator sizes and sitting postures. The requirement is that Volvo 
CE is allowed to perform these studies on sufficient numbers of operators that have a somewhat 
equal height to the ones in the ISO-standard. Since it is difficult for Volvo CE to choose their 
customers for tests, this could be a problem. An alternative may be to investigate sitting postures by 
the use of employees at Volvo CE. However, this may lead to incorrect sitting postures, and the 
chosen persons may not be extreme- or expert users. The report suggested merging Step 2 and Step 
3 into one step since they result from each other. 

An HMI specialist at Volvo CE, who is used to perform user tests claims that they have been working 
with operator behaviors in the following sequence: 

1. Identify work tasks or machine configurations 
2. Investigate what the machine looks like 
3. Investigate how the machine works 
4. Gather information by: 
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a. Interviews 
b. Filming both from inside and outside to sync behavior with work task 

5. Read up on the application before watching the movies 
6. Decide what to look for in the movies 
7. Subjective observation of movies 

The first three steps are already incorporated in the previous activity (Gather existing internal 
information). The same specialist claims that one can find strange behaviors and that this may 
require further investigation to see if it is related to that one operator or if it is a general behavior. 

Ergonomics specialists at Volvo Trucks suggests sending a survey with pictures from the operator 
environment and asking questions regarding reachability and visibility before visiting the customers 
and ask if the customers can be contacted again for further questions. They also suggest that 
weather, abrasion on controls and visibility factors may affect sitting postures. 

Section 2.2.2 Anthropometrical design methodology on page 18 listed a method with fourteen steps. 
The first three are repeated below. 

1. Create a requirement specification including system goal, description of typical tasks, 
acceptable tolerances and effect on the system performance if these are not fulfilled. There 
after the systems geometry and placement of controls. 

2. Choice of population is chosen from e.g. reach, visual field and body dimensions. 
3. Choice of percentiles for the population.  

This implies that control locations should be decided on without information about which population 
should be able to use it. If first designing the layout and then setting the population, one cannot be 
sure that the right population can use the product. It makes more sense if the population that is 
meant to use the product is decided first of all, and that control locations are designed to fit the 
users, and not the other way around. This is supported by the definition Design for all (on page 19) 
that say both small and large individuals have to be able to use the product. It is also supported by 
the fact that ergonomic aspects should be considered before the technical aspects mentioned in the 
ergonomics section and supported by the Volvo design methodology. Thus the following test 
sequence is suitable for identification of sitting postures: 

1. Problem definition 
2. Choose method for sitting posture identification and transformation 
3. Choose the test population 
4. Explain and perform the test 
5. Interpret the gathered information 
6. Read up on the application before interpreting the gathered information 
7. Create a requirement specification 

The first four steps will be discussed further now. Step 7 will be discussed further in the next activity 
Design aid creation.  
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10.2.1 PROBLEM DEFINITION 
Writing a problem definition is crucial because it enables the team and others to understand what 
the project should work with and what it should deliver. The problem definition should explain why 
the study is performed, what information it has to generate and what the end result is.  

In this case it is to decide on common sitting postures and when the postures appear that have to be 
transferred into Catia using RAMSIS to aid the designer when placing controls in the operator 
environment. The sitting postures may also be used to investigate whether RAMSIS heavy truck 
posture is applicable in Volvo CEs machines. 

10.2.2 CHOOSE METHOD FOR SITTING POSTURE IDENTIFICATION AND TRANSFORMATION 
The location of the study has to be chosen depending on whether the study is performed as a 
customer visit (CV) or a customer clinic (CC). There are some differences between the two. The most 
important ones are the ones summarized in the table below. 

Table 13 - Differences between Customer visit and customer clinic 

Customer visit Customer clinic 
Natural working environment Arranged working environment 
Not able to use focus groups Ability to use focus groups 
Not able to choose applications Ability to choose applications 
Limited ability to choose machine size and 
generation 

Ability to choose machine size and generation 

Not able to choose work steps Ability to choose work steps 

By visiting the operators in their natural working environment, Volvo CE gets the best chance of 
capturing real life material. However, this may lead to reduction in production time for the operators 
and their employers which can induce more stress that can cause other postures while working. 
Reducing the production time has to be down to a minimum (see section 9.1 Validation criteria) It 
can also lead to answers to Volvo CE’s questions that are not thought through. 

The report recommends investigating the operator’s natural working environment to make sure that 
all sitting postures that appear will be captured. The consequences for missing sitting postures may 
be that the machine is not designed fully for the operators work. A Utility Portfolio Manager for the 
Backhoe Loader (BHL) says that it is important that the machine is comfortable operating in, not 
sitting in and that it therefore is important to investigate how the machine is used. He reinforces that 
it is the use ergonomics that have to be in focus.  

A Product Planning Manager for Cabs says that the best way to identify sitting postures is to visit the 
customers because that way, the study gets result from a real application. The same manager also 
wants to avoid using internal sources within Volvo CE to understand how the operators are using the 
machine because they are not as used to operating the machines as the customers. Thus; 
incorporate the customers. 

The table below aids the choice by defining which methods can be applied if it is a clinic or a visit. 
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Table 14 - Methods for customer clinic and customer visit 

Methods St
ud

y 
lo

ca
tio

n 

Customer clinic Customer visit 
Focus group X  
Observational study X X 
Interview study X X 

Volvo CE cannot choose which users to visit, they can only wish because the customers have to agree 
on having engineers visiting them. Earlier in this chapter it was recommended that the study should 
be performed with extreme users and expert users from markets with high ratio of relevant claims. A 
suggestion for CnOE is therefore to point out that expert or extreme users are preferred but that any 
users are okay. The author also suggests noting what level of user the test is performed on because it 
can have effect on how the operator is sitting in the machine. 

If the test is performed at a customer visit, the applications and work tasks cannot be chosen since 
Volvo CE may not disturb or cause downtime in the customers’ production. If the test is performed as 
a CC, the applications and work tasks has to be pre-defined. 

Chapter 9 Sitting postures concluded that only optical and inertial MoCap appear to fulfill the 
validation criteria which can be found in section 9.1 Validation criteria on page 77. 

The verification of these methods cannot be made since the MoCap equipment isn’t available either 
at Volvo CE or at Linköping University. However, since MoCap is widely used and works for cars and 
trucks, this thesis assumes that it works for construction equipment. Therefore, the thesis will herein 
verify that the result from MoCap can be used in RAMSIS to adjust the manikin’s posture. 

The information that MoCap delivers are several points and how their location coordinates changes. 
The points’ most common coordinates should be easily calculated which results in the most common 
posture. This is recommended for future studies since verification was delimited from this study. The 
points belong to specific points on the human body that corresponds to specific skeleton points in 
RAMSIS. They can look like the points in the pictures on the next page. 
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Figure 62 - MoCap gathered 
coordinates 

 
Figure 63 - MoCap coordinates with 

manikin 

The manikin is adjusted by matching MoCap points with the manikin’s skeleton points or the active 
skin points which using the tool Task editor, Targets in the left picture below. The Posture Calculation 
tool in the right picture adjusts the manikin’s posture according to the Targets that was set in the 
Task editor. 

 
Figure 64 - RAMSIS Task Editor 

 
Figure 65 - RAMSIS Posture Calculation 
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The pictures below illustrate the adjustment of the manikin’s posture. 

 

Figure 66 - Adjustment of the RAMSIS manikin's posture 

When the posture is adjusted, it shall be saved. 

Hence; it is hereby verified that using, the MoCap equipment to identify sitting postures and using 
that information to adjust the manikin’s posture, works, if only the MoCap equipment does. Future 
studies are proposed to streamline this process. 

The parameters needed from the MoCap equipment for RAMSIS is not verified in this thesis. All of 
them might not be needed but they are relevant since they are based on RAMSIS and similar 
previous research. Verification of them is suggested as future research.  

Before the sitting postures identification test is performed, the way of interpreting the gathered 
information has to be decided. What exactly is a posture and what is a motion due to uneven road 
conditions? This to make sure that all required information and no excess information is collected. 
Otherwise the customers may need to be contacted again later or their time spent to help Volvo CE is 
of no use for Volvo CE. It is unnecessary to waste resources in that way. More information about this 
can be found in Interpret the gathered information. 

10.2.3 EXPLAIN AND PERFORM THE TEST 
In this step, the sitting postures identification test will be performed and sitting posture information 
shall be collected. Note the operators’ age, the type of machine, seat and others of importance. 

10.2.4 INTERPRET THE GATHERED INFORMATION 
This section will discuss how the MoCap information and sitting postures shall be interpreted. 

The HMI specialist stated that this phase should start with reading up on the application that the 
sitting postures appear in that shall be interpreted. 

In this case, with identifying sitting postures, to interpret the result from the MoCap it has to be 
decided how to handle that all humans are of different sizes. That affects sitting postures and body 
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landmarks locations. It is recommended to extensively investigate the method that RAMSIS used 
when they decided on the sitting postures used in the program at the moment.  

It must be determined how to handle that one should use the 1st and 99th percentiles in development 
of cabs and operator environments. Will the study only collect sitting postures from very short, near 
the 1st percentile, and from very long, near the 99th percentile? Or will the study collect sitting 
postures from a sufficiently number of operators so that Volvo determine their own 1st and 99th? 
This is left as a further research. 

Another interpretation that needs to be decided is what counts as a sitting posture and what does 
not. This is important since sitting in construction equipment may be more like sitting movements 
than sitting postures. To be able to interpret the gathered information, the following has to be 
decided: 

• What is a sitting posture? What is not? 
• What affects sitting postures? 
• Which postures are due to faulty design? 

The author recommends further investigations of filmed material and a test trial with the MoCap 
equipment to decide what counts as a sitting posture. Perhaps it can have a requirement that it has 
to prolong for more than five seconds, or that it is a position that the operator tends to bounce 
around. A future study is to create an assessment template for what counts as a sitting posture and 
what does not. A recommendation is to not only decide on the most common sitting postures, but 
also include a scale from most common occurring, fairly common occurring, not so often occurring; 
divided per machine, application size and the other categories mentioned earlier. It is also 
recommended to only choose the postures that are needed for design of future cabs and operator 
environments, thus, not including postures that are ergonomically bad due to faulty design. 

Ergonomics specialists at Volvo Trucks suggest that weather, abrasion on controls and visibility 
factors may affect sitting postures. The Team Leader for the BHL Cab says that the BHL is operated 
differently depending on the operator’s personality. Hence; the sitting postures may vary from 
operator to operator. This means that these parameters have to be taken into account when 
interpreting the result. 

The author thinks that road conditions may have influence of sitting postures and that some road 
conditions may cause some sitting postures that are not used while operating in other road 
conditions. The same applies for machine speed. Are there postures that only appear in low machine 
speeds and others that only appear in high machine speeds? The author also suggests noting what 
level of user (extreme, expert, medium, and beginner) the test is performed on because it can have 
effect on how the operator is sitting in the machine. 

A research engineer within Driver Environment & Human Factors at the department product design 
at Volvo CE questions whether sitting postures can be related to needs to do a certain task or to 
comfort e.g. is it to reach the controls? Is it to see outside the cab? Cabs and operator environments 
may be designed either from how the operator is sitting today, or from an optimal sitting posture. 
The same research engineer is also concerned about which functions the operator uses in relation to 
which sight points the operators eyes are focused on. The author therefore suggests aiding the 
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interpretation by filming the work outside the machine, just like the existing filmed material, to be 
able to recognize whether the sitting posture is occurring because of the surroundings or whether it 
is a recurrent posture.  

The previous discussion found that the sitting postures are recommended to be categorized in the 
following categories: 

• Operator percentile 
• Posture time length 
• Weather 
• Abrasion on controls 
• Visibility 

• Road conditions 
• Machine speed 
• Sight points 
• Controls used 

The reason for the categorization is so that information is stored on when and why the sitting 
postures appear.  

10.3  DESIGN AID CREATION 
The process was delimited to end with the creation of an ergonomic design standard formed as a 
design aid using RAMSIS to be used in Catia when designing the cab and operator environments. 
Since the focus is on control placements, the design aid will help engineers to place controls within 
control areas. 

Chapter 7 Control placement concluded the following further investigations: 

• Control categories for: 
o Controls for support functions that do not affect the proper functioning of the machine 
o Controls used while operating 
o Controls not used while operating 

• Control placement: 
o Definition of maximum FOV 
o New categories 
o Visual placement for secondary controls 

• Discussion whether internal requirements for control placement should be stricter than the 
ISO-standards and other suggestions made so far. 

• Validation of control categories 
• Validation of control placement 
• Verification that control placement and control categories are good enough for 

recommendation with experts at CnOE at Volvo CE 

To be able to categorize and decide on control placement areas, information regarding which 
controls that should be categorized and placed has to be gathered. This is also mentioned in 10.1.1 
Machine. If sufficient information about the controls is gathered in Gather existing internal 
information, this sub process will only have to categorize the controls and create the design aid for 
the placement areas. 

During the thesis work it became apparent that all engineers at Volvo CE are not fully educated with 
what functions the controls steer and why and when the operators are using them. To be able to 
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decide on control locations it is therefore recommended by the author to make a list with all 
functions, what they are, when they are used and if the functions are standard or an optional 
alternative. It is also recommended to note which and how many settings each control has; this to be 
able to consider other types of controls for the single function. This should be gathered in the first 
activity which was discussed on page 86. 

10.3.1 CONTROL CATEGORIES 
The analysis in chapter 7 concluded that categories for some controls were missing. The controls are 
now listed. 

• Controls for support functions that do not affect the proper functioning of the machine 
• Controls used while operating 
• Controls not used while operating 
• Hand- or foot operated 

There are controls in the machines that are not needed for the proper functioning of the machine; 
hence does not fit into the primary and secondary categories and doesn’t cause machine downtime if 
they don’t work. These are more like support functions as they facilitates the operator’s work. 
Examples of those mentioned in the analysis (section 7.5 Validation of placement areas) were: 

• Hazard warning 
• Boom suspension/dampening 
• Audio mute 

The hazard warning is a support function for the machine as it is not used for the proper functioning 
of the machine. The boom suspension/dampening is a support function for the equipment since the 
equipment works without it but the function dampens bumpiness in the machine while driving 
longer distances with and without load in the bucket; hence supports the work. Without it there is a 
greater risk that the load falls off the bucket. The audio mute is more of a support function for the 
operator since it may be used to turn off the radio if the operator has to hear other things. These are 
hereby defined as tertiary. The suggestion of tertiary control categories is supported by a Utility 
Portfolio Manager for the BHL. 

The following tertiary categories are suggested: 

• Machine support 
• Equipment support 
• Operator support 

The functions that are support functions may or may not be used rather frequently depending on the 
operator and the current application the machine is used for. However, the primary controls are 
defined to be used continuously. Naturally, the audio mute switch isn’t pressed continuously, just 
when needed. The ISO-standards just defined frequency of use as continuously/frequently and 
infrequently. The boom suspension/dampening may however be used more often than the audio 
mute switch. There are therefore different levels of infrequency. It is hereby suggested to separate 
the infrequently category into used often and used seldom and not used often.  
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The analysis could not conclude categories regarding sequence of use. But it is important to point out 
that controls should be placed in such a way. For example, the park brake test switch in the BHL may 
be used in a sequence after the parking brake. In that case, these should be placed in sequence to 
each other. Another example is the washer and wiper which are placed beneath the steering wheel 
since they are often used in sequence with the steering wheel. Another example is the boom 
suspension system in a WLO which may be used often together with the levers for bucket 
positioning. These considerations are at a level of detail that is not within the delimitations of this 
thesis. It is therefore suggested as a future research. 

CnOE currently classifies controls into: 

Information covered by Secrecy Agreement with Volvo. 

The author therefore suggests the following categories: 

Information covered by Secrecy Agreement with Volvo. 

Secondary controls are defined as infrequently used but crucial for the proper functioning of the 
machine. Therefore control placement changes regarding whether controls are used while operating 
or not, and it was suggested to categorize controls by used often and used seldom: Infrequently used 
controls should be separated into: 

• Used often while operating (UOWO) 
• Used seldom while operating (USWO) 
• Not used while operating = used seldom (NUWO) 

Table 15 - Final control categorization for hand- and foot controls 

UOWO = Used Often While Operating 
USWO = Used Seldom While Operating 
NUWO = Not Used While Operating 

The discussions with the HMI specialist also led to the conclusion that the function categories should 
have controls that belong to each importance- and frequency of use category.  

A method to simplify categorization is thinking of disappointment. Is it the machine, equipment or 
operator that becomes disappointed if the control or function doesn’t exist? Tertiary controls may be 
the ones that are optional for the customer when buying a machine. 

Preferably, the first phase in this AE project process should gather the following information 
regarding the controls: 

Primary Secondary 
Machine  Equipment  Machine, several 

operating 
positions 

UOWO USWO NUWO 

Tertiary 
Machine support  Equipment support  Operator support  
UOWO USWO NUWO UOWO USWO NUWO UOWO USWO NUWO 
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• Is it hand or foot operated? 
o If it is a hand control, should it be grasped or pushed? 

• Is it a primary control, i.e. used frequently/continuously? 
o If not: 

 Is it crucial for the proper functioning of the machine? 
 Is it used often while operating? Used seldom while operating or not used 

while operating? 
• Which of the following groups does it belong to? 

Information covered by Secrecy Agreement with Volvo. 

10.3.2 CONTROL PLACEMENT 
The control categories should thus be defined with control placement areas. Chapter 7 Control 
placement concluded the following further investigations of control placement: 

• Discussion of which controls belong to which visual limits 
• New categories 
• Visual placement for secondary controls 

Furthermore, visual placement for tertiary controls has to be decided and how to actually deal with 
people having variety of sizes in terms of visual zones. The previous discussion has not yet 
determined what population that the 1st percentile will be based on. 

Note that foot controls are not affected by FOVs. The following discussion regarding FOVs are hence 
made for hand operated controls.  

The analysis found five different visual fields, but only three of them should be used for control 
placement (the Narrow FOV is excluded): 

• Optimum FOV 
• Maximum FOV 
• Maximum FOV with head rotation 

The Team Leader for the BHL Cab suggests that controls used often by the operator should be 
treated as a primary function in regards to its placement. This seems to be a general consensus 
among engineers at CnOE. 

Information covered by Secrecy Agreement with Volvo. 

Since this thesis gives suggestions for optimal ergonomic control placement, it is suggested that 
CnOE’s internal requirements says that Information covered by Secrecy Agreement with Volvo. 

Though, when setting internal requirements at CnOE, other departments within Volvo CE should act 
as stakeholders to make sure that the requirements are realistic from all point of views. Information 
covered by Secrecy Agreement with Volvo. 
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The table below illustrates all limitation areas for primary hand controls. 

Table 16 - Primary hand control placement 
Primary hand controls (Frequently and continuously used and crucial for the proper functioning of 
the machine) 
 Machine  Equipment  Machine with several operating positions, when 

operating the position one is not seated in 
ZOR  

Information covered by Secrecy Agreement with Volvo. 

ZOC 
ZOC + 30° twist 

Optimum FOV 

Maximum FOV 

Between shoulder 
and elbow 

*Suggested as CnOE internal requirement 
C = Crucial (Shall)  E = Essential (Should) D = Desirable 

The next table illustrates all limitation areas for primary foot controls. 

Table 17 - Primary foot control placement 

Primary (Frequently and continuously used and crucial for the proper functioning of the machine) 
 Machine Equipment 

ZOR  Information covered by Secrecy Agreement with Volvo. 
ZOC 
*Suggested as CnOE internal requirement 
C = Crucial (Shall)  E = Essential (Should) D = Desirable 

The ISO-standard separated primary controls for the machine to be in the ZOC ± 30° if the machine 
has two operating positions. Information covered by Secrecy Agreement with Volvo. 
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The table below illustrates all limitation areas for secondary and tertiary controls. 

Table 18 - Secondary and Tertiary hand control placement 

Secondary (Infrequently used but crucial for the proper functioning of the machine) 
Tertiary (Not crucial for the proper functioning of the machine) 
 Used often while 

operating 
Used seldom while 

operating 

Not used while 
operating = Used 

seldom 
ZOR  

Information covered by Secrecy Agreement with Volvo. 

ZOR + Lean 
forward and/or 
sideways  
ZOC 
Optimum FOV 
Maximum FOV 
Maximum FOV 
with head 
rotation 
Between 
shoulder and 
elbow 
*Suggested as CnOE internal requirement 
C = Crucial (Shall)  E = Essential (Should) D = Desirable 

The next table illustrates all limitation areas for secondary and tertiary foot controls. 

Table 19 - Secondary and tertiary foot control placement 

Secondary (Infrequently used but crucial for the proper functioning of the machine) 
Tertiary (Not crucial for the proper functioning of the machine) 
 UOWO USWO NUWO 
ZOC Information covered by Secrecy Agreement with Volvo. 
ZOR 
*Suggested as CnOE internal requirement 
C = Crucial (Shall)  E = Essential (Should) D = Desirable 

There are more guidelines for control placement for separate controls but that level of detail is 
delimited from this thesis. Discussions of those are now mentioned as suggestions for further 
investigation and consideration. 

Controls should also be located where the operator expects them. Information covered by Secrecy 
Agreement with Volvo. 

Since controls used in a sequence should be placed close to each other, they are hereby defined as 
placed within the zone of near reach from each other. One example is the lever beneath the steering 
wheel which is used in sequence with the steering wheel. 

These considerations are down to that level of detail that is not within the delimitations of this 
thesis. It is therefore suggested as a future research. 
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Information covered by Secrecy Agreement with Volvo. 

Note that ZOR is calculated as hand grasped in the ISO-standard whilst RAMSIS calculates it to the tip 
of the middle finger. If CnOE chooses to use both pushed reach and grasped reach, there will be 
more delimitation areas than those in the table above.  

Also note that controls intended to be used by the left hand has to be placed on the left side, likewise 
for the right hand and same goes for the feet. 

The analysis concluded that the 1st and 99th percentiles should (essential, 5th and 95th is crucial) be 
used for control placement since placement of controls effect safety factors. Note that ZOR should 
be calculated using the 1st percentile. Percentiles are chosen from a population but not state which 
one. The author believes that it is easier to develop great ergonomic operator environment if the 
design takes all length of people into account. The ISO-standards are concluded from the world’s 
population and does not separate women from men. Women tend to be shorter than men and 
therefore, there is a risk that short women are much shorter than the short world population. There 
may also be differences between populations from different parts of the world. This means that the 
shortest nationalities 1st percentile may be shorter than the ISO-standards 1st percentile, likewise the 
other way around. Design for all that is mentioned earlier in this report means that all people should 
be able to use the machines, even those who are pregnant or obese. Therefore it is suggested to use 
the 1st percentile from the population with the sex that is shortest and the 99th percentile man from 
the population with the sex that is tallest. Body Mass Index should also be incorporated since people 
can have large stomachs that may be in the way when operating the machine.  

The analysis also concluded that the ZOR differs depending on if the control is operated by grasping 
or by pushing it with a finger. Therefore, CnOE should separate those kinds of controls or preferably 
locate all controls within the zone of grasped reach (which is the one defined in the ISO-standard but 
not in RAMSIS).  

FOVs should naturally depend on the operator’s height as well. The ZOR is calculated with the use of 
the tall and the short percentile. To certify that the area include the tallest and the shortest 
operator’s optimum or maximum FOV, it is suggested that these FOVs are defined from their 
common FOVs and not only the tallest or the shortest FOV. Hence; set up the visual cones for the 1st 
percentile and the 99th percentile in RAMSIS and create a volume for the area that is common for 
them. 

Additionally, the ZOC is calculated with the use of the 5th and 95th percentile. Hence, it is suggested to 
narrow that area within Volvo CE by repeating that method with their 1st and 99th percentiles. 

The ZOC is inserted in the SIP. The shoulder height should be inserted in the Shoulder-joint-l/r 
(GSL/GSR). The elbow height should be inserted in the Elbow-joint-l/r (GELL/GELR). The FOVs should 
be inserted in the Mid-eye (GAUM). Note that ZOR (in RAMSIS) and FOVs rely on where the operator 
is sitting. Hence how the seat is adjusted sideways, in height and forward/backward. It is calculated 
from the Shoulder-joint-l/r (GSL/GSR) and the Hip-joint-l/r (GHUL/GHUR). ZOR from the ISO-standard 
is calculated from the SIP. The manikin’s feet should therefore be constrained to the pedals and the 
H-point should be constrained to the seat adjustment range. Hence; the following parameters 
answers the questions regarding what parameters in RAMSIS control the placement of controls: 
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• SIP 
• Shoulder-joint-l/r (GSL/GSR) 
• Elbow-joint-l/r (GELL/GELR) 
• Mid-eye (GAUM) 

• H-point 
• Hip-joint-l/r (GHUL/GHUR) 
• Ball-joint-l/-r (GFBR/GFBL) 

The ergonomics engineer, who is presently using RAMSIS the most verify that these are enough for 
control placement. Though, to evaluate what posture the operators has when using controls after 
they are placed, points on the palm has to be used as well. But that is delimited from this study. 

10.3.3 VALIDATION AND VERIFICATION OF CONTROL CATEGORIES AND PLACEMENT 
Appendix B Validation and verification of control categories validated the control categories as 
described in section 3.2 Control placement on page 31. They were also verified to be good enough for 
suggestions. The control placement areas are validated since they at least fulfill the ISO-standards. 
More information can be found in Appendix: C Validation and verification of control placement. The 
categories are good enough for suggestion. 

10.3.4 ILLUSTRATION OF HOW TO CREATE THE DESIGN AID 
The following is an instruction of how to create the design aids in RAMSIS to be used in Catia. Note 
that all areas except the zones of comfort are affected by the sitting postures found in the sitting 
posture study. 

Controls are placed with the parameters in the table below. 

Table 20 - Control placement parameters 

Hand operated controls Foot operated controls 
• 1st percentile ZOR (grasped or pushed) 
• 1st percentiles optimum FOV 
• 1st percentile maximum FOV 
• 1st percentile maximum FOV with head rotation 
• 1st percentile shoulder height 
• 99th percentile optimum FOV 
• 99th percentile maximum FOV 
• 99th percentile maximum FOV with head rotation 
• 99th percentile elbow height 
• Zones of comfort 

• 1st percentile ZOR 
• Zones of comfort 

When creating the design aids, start by inserting the areas to be used for the design aids. It is hereby 
exemplified Information covered by Secrecy Agreement with Volvo. 

The design aid shall be created in the areas which are common for the three zones. The first two 
pictures below show all the zones and areas and Information covered by Secrecy Agreement with 
Volvo. 

Note that this is a simplified illustration. The manikin is not adjusted in the seat adjustment range or 
to foot operated controls. Thus, they are designed with the assumption that the SIP and H-point is in 
the same place. The Narrow FOV is not excluded in the pictures either. 
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Image covered by Secrecy Agreement with 
Volvo. 
Figure 67 - Delimitation areas for controls isometric view 

Image covered by Secrecy Agreement with Volvo. 
 
Figure 68 - Delimitation areas for controls Right view 

 
Image covered by Secrecy Agreement with 
Volvo. 
Figure 69 - Design aid controls Top view 

 
Image covered by Secrecy Agreement with Volvo. 
Figure 70 - Design aid controls Right view 

Information covered by Secrecy Agreement with Volvo. 

An important thing to remember is to read up on all controls. E.g. for the steering wheel, there may 
be additional requirements to take into account than those investigated in this work. The controls 
shall also be grouped into the control categories concluded earlier in this chapter. 

Keep in mind that the ZOR for hands is measured from the manikin’s shoulder joints whilst the ZOC 
always is constrained to the fixed SIP. So the manikin’s H-point should be given freedom of 
movement within the seat adjustment range and the feet should be constrained to the pedals on the 
floor if there exists any. This is from where the visual fields and ZOR should be inserted. Hence; the 
design aid may have to be created for every distance possible from the seat adjustment range to the 
pedals or other foot operated primary controls. To facilitate, a further investigation is recommended 
to find out how to do this when always basing the design aid from the SIP. The creator of the design 
aid has to make sure that the areas that are created in the design aids aren’t larger than the ones 
defined in the ISO-standards. 

The creation of the design aid is suggested by this report to end with writing instructions for how to 
use the control placement design aid to avoid confusions for the engineers. 

10.4 SUMMARY 
This chapter discussed the analyses and led to a method for sitting posture identification and 
creation of a control placement design aid. 

The method consists of these activities: 
• Gather existing internal information 

o Machine research 
o User research 

• Sitting postures identification 
o Problem definition 

 Study purpose 
 Study deliverables 

o Choose method for sitting posture identification 
 Study location 
 Data collection methods 
 Posture identification equipment 
 Required data gathering 
 How to interpret the gathered data 

o Explain and perform the test 
o Interpret the gathered information 

104 | P a g e  
 



  Chapter 11 - Result  

• Design aid creation 
o Categorize controls 
o Insert relevant control placement limitation areas in RAMSIS in Catia V5 
o Create a volume that corresponds to the joint limitation areas 
o Write instructions of use 

Deliverables to the product development project phases are: 
• Business opportunity phase to Concept study 

o Knowledge about the machine type 
o Knowledge about where the machine is used 
o Knowledge about how the machine is used 
o Knowledge about the machine’s users 
o Stakeholder and customer needs 

• Concept study to Final development 
o Recurrent sitting postures to be used in Catia 
o Categorization template for controls 
o Design aids for control placement 

In the next chapter the method will be presented with examples from the BHL 
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11 RESULT 
This chapter presents the method for posture identification and control placement design aid 
concluded in this thesis described with examples from Volvo CE’s backhoe loader (BHL). 

The picture below illustrates the AE process and the deliverables to the product development 
project. 

 

 

 

 

 

 

 

 

This means that the process and its deliverables have to be finished before the Concept Study (red 
box). 

The rest of this chapter will explain the activities and the constituent steps. Examples will be 
presented continuously. 

  

 
  

 
    

 
    

Figure 71 - The final process BOP = Business Opportunity Phase 
FS = Feasibility Study 
PS = Pre-Study 

CS = Concept Study 
DD = Detailed Development 
FD = Final Development 
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11.1 GATHER EXISTING INTERNAL INFORMATION 

Gather information regarding the machine and its users (recommended in 
the figures below) which the study concerns. The information can be 
gathered from: 

• Other departments within Volvo Group 
• Existing competitor analyses  
• Existing disassembly analyses 
• Caretrack 
• Statistical data 
• Existing customer feedback 

(Customer clinics or customer visits, customer claims) 
• Volvoce.com 
• Violin (Volvo’s intranet) 
• Existing filmed material 

A database which stores stakeholder- and customer needs and a requirement specification template 
should be utilized. These should be updated when this activity is finished.  

MACHINE RESEARCH 

 
Figure 73 - Machine research steps 

USER RESEARCH 

 
Figure 74 - User research steps 

List all 
functions 
with user 

involvement 

List all 
functions 
user tasks 

List all 
ergonomics 

aware 
markets 

List which 
populations 

use the 
machine  

Hand or foot 
operated 

Frequency of 
use 

Function 
category 

belonging 

Road 
conditions 

Interior 
equipment 
that affect 

the research 

Outside 
influences 
related to 
the study 

Machine type 
and model 

Industry 
segmentation 

Segmentation 
applications 

Machine 
functions Work steps List all 

controls 

If it is a hand 
control, should 
it be grasped or 
pushed? 
 

If not: 
Is it crucial for the 
proper functioning 
of the machine? 
Is it used often 
while operating? 
Used seldom 
while operating or 
not used while 
operating 

Information 
covered by Secrecy 
Agreement with 
Volvo. 

 

Figure 72 - Gather existing 
internal information steps 
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11.2 SITTING POSTURES IDENTIFICATION 

PROBLEM DEFINITION 
• Explain why the sitting postures study is performed 
• Explain what the result shall be used for 

EXAMPLE PROBLEM DEFINITION BHL 
Information covered by Secrecy Agreement with Volvo. 

CHOOSE METHOD 
Choose method for sitting posture identification and 
transformation. Start with deciding if the study will be 
performed as a customer clinic (CC) or a customer visit (CV). 
Pros and cons with those can be found in section 5.9 Current 
operator involvement on page 49 and in section 10.2.2 Choose 

method for sitting posture identification and transformation on 
page 91.  The methods that can be used to collect the 
information needed from the operators depends on if it is a CC 

or a CV. The methods can be found in Table 14 - Methods for customer clinic and customer visit on 
page 92. Choose the methods and design them to fit the problem definition and how the result 
should be interpreted. 

One example is that the customer visit may get more accurate results but the CC makes it easier to 
answer all questions one might want answers to. The table on the next page helps to choose whether 
it is a CV or a CC by answering two questions. 

Table 21 - Help table for choosing CC or CV 

Choose method 
Ask if… If yes, then… If no, then… 
Do you want to use a focus 
group? 

It’s a customer clinic. Choose 
segment, applications, road 
conditions, markets. 

It’s a customer visit. Make 
sure to note segment, 
applications and road 
conditions during the visit. 

Do you want sitting postures 
from real applications? 

It’s a customer visit. Make 
sure to note segment, 
applications and road 
conditions during the visit. 

It’s a customer clinic. Choose 
segment, applications, road 
conditions, markets. 

Then choose if the postures will be collected by using optical or inertial motion capture (MoCap). 
MoCap has to be used with body landmarks which can be found in Table 12 – RAMSIS points and 
body landmarks equivalence on page 75. 

Decide how the result shall be interpreted. The following questions help clarify how the result is to 
be interpreted. 

• How should different sizes on operators be handled? (Read more in section 10.2.3 Explain 
and perform the test starting on page 94) 

Figure 75 - Sitting postures identification 
steps 
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• What counts as a sitting posture? 
o How long time it lasts 
o Most common posture 
o Degree of recurring 

Decide how the sitting postures should be categorized / branded. The following categories are 
suggested: 

 

Figure 76 - Sitting posture categories 

A recommendation is to send a survey with pictures from the operator environment and ask 
questions regarding reachability and visibility before visiting the customers and ask if the customers 
can be contacted again for further questions. 

Contact test users. Wish for contact with expert or extreme users. 

The postures shall be transformed into the RAMSIS manikin’s posture using the method described in 
section 10.2.2 Choose method for sitting posture identification and transformation starting on page 
91. 

EXAMPLE CHOICE OF METHOD FOR SITTING POSTURES IDENTIFICATION 

Table 22 - How to use help table for choosing CC or CV 

 

The study will be performed as a customer visit using inertial MoCap. The segment, applications and 
road conditions will be noted during the visit. 

Application 

Work task 

Operator 
percentile 

Road 
conditions 

Machine 
speed 

Weather 

Abrasion on 
controls 

Working 
environment 

Visibility 
requirements 

Sight points 

Posture time 
length 

Controls used 

Operator’s 
skill level 
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A posture is counted as a sitting posture if it prolongs for five seconds, is reoccurring at least 5 times 
in an hour or if the operator tends to bounce around a common posture. Sitting postures shall be 
categorized according to application, road conditions, operator percentile and controls used. 

Incorrect design acknowledged from bad sitting postures acknowledged, will be suggested for 
redesign. The rest will be transformed to the manikin’s posture in RAMSIS using the method 
described in section 10.2.2 Choose method for sitting posture identification and transformation 
starting on page 91. 

11.2.1 EXPLAIN AND PERFORM THE TEST 
In this step, the test shall be performed and sitting posture information shall be collected as decided 
in Choose method for sitting posture identification and transformation. Make sure to note the level of 
the user (extreme, expert, medium, and beginner). Also film the work outside the machine so that 
the material contains information regarding weather, application and the other aspects mentioned 
earlier.  

11.2.2 INTERPRET DATA 
Read up on the application that the sitting postures are captured with. 

Interpret the result as was defined in Choose method for sitting posture identification and 
transformation.  

Transfer the chosen material to Catia and RAMSIS and set the manikin’s posture accordingly. Save 
the posture. Further explanation can be found in section 10.2.2 Choose method for sitting posture 
identification and transformation starting on page 91.  

Conclude this sub process (Sitting postures identification) by updating the opportunities and needs 
database, as well as the requirement specification template.  

11.3 CONTROL PLACEMENT DESIGN AID CREATION 
The control placement design aid will be created in four steps which are shown in the picture below.  

 
Figure 77 - Control placement design aid creation steps 
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CATEGORIZE CONTROLS 
Follow the steps in the picture below to categorize the controls in the suggested categories: 

 
Figure 78 - Help for control categorization 

They should now be easier to categorize in the categories that can be found in Table 15 - Final control 
categorization for hand- and foot controls on page 98. 

The function categories are: 

Information covered by Secrecy Agreement with Volvo. 

EXAMPLE CATEGORIZATION OF CONTROL 
Now follows an example. The following text describes the illustration in the picture below. 

 
Figure 79 - Control categorization example 

CONTROLS 
Ask if... If yes, then… If no, then… 
Is it hand operated? Continue with table for 

hand operated controls. 
It’s a foot operated control: 
group in functional groups. 

HAND OPERATED CONTROLS 

Ask if... If yes, then… If no, ask if… If yes, then… If no, then… 
Is it 
continuously 
used? 

Continue with 
table for 
primary 
controls. 

Is it needed for 
the proper 
functioning of 
the machine? 

Continue with 
table for 
secondary 
controls. 

Continue with 
table for 
tertiary 
controls. 

SECONDARY CONTROLS 
Ask if… If yes, then… If no, then… 
Is it used often while 
operating? 

It’s a UOWO, group in 
functional groups 

Continue to the next 
question. 

Is it used seldom while 
operating? 

It’s a USWO, group in 
functional groups 

It’s a NUWO, group in 
functional groups 

TERTIARY CONTROLS 
Ask if… If yes, then… If no, then… If yes, then… If no, then… 
Does it support 
the machine? 

It’s Machine 
support 

Does it support 
the equipment? 

It’s Equipment 
support 

Operator support 

Is it used often 
while 
operating? 

It’s a UOWO, 
group in 
functional 
groups 

Is it used 
seldom while 
operating? 

It’s a USWO, 
group in 
functional groups 

It’s a NUWO, 
group in 
functional groups 

 

CONTROLS 
Ask if... If yes, then… If no, then… 
Is it hand operated? Continue with table for 

hand operated controls. 
It’s a foot operated control: 
group in functional groups. 

HAND OPERATED CONTROLS 

Ask if... If yes, then… If no, ask if… If yes, then… If no, then… 
Is it 
continuously 
used? 

Continue with 
table for 
primary 
controls. 

Is it needed for 
the proper 
functioning of 
the machine? 

Continue with 
table for 
secondary 
controls. 

Continue with 
table for 
tertiary 
controls. 

SECONDARY CONTROLS 
Ask if… If yes, then… If no, then… 
Is it used often while 
operating? 

It’s a UOWO, group in 
functional groups 

Continue to the next 
question. 

Is it used seldom while 
operating? 

It’s a USWO, group in 
functional groups 

It’s a NUWO, group in 
functional groups 

TERTIARY CONTROLS 
Ask if… If yes, then… If no, then… If yes, then… If no, then… 
Does it support 
the machine? 

It’s Machine 
support 

Does it support 
the equipment? 

It’s Equipment 
support 

Operator support 

Is it used often 
while 
operating? 

It’s a UOWO, 
group in 
functional 
groups 

Is it used 
seldom while 
operating? 

It’s a USWO, 
group in 
functional groups 

It’s a NUWO, 
group in 
functional groups 
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Information covered by Secrecy Agreement with Volvo. 

INSERT DELIMITATION AREAS 
Decide which control or category that should be placed with a design aid. There are six different 
possible design aids for hand operated. The table on the next page summarizes which control 
category that belongs to which control placement areas. 

Table 23 - Control categories placement areas for hand operated controls 

The placement areas are depending on the following points. 

Table 24 - Placement areas constrain points 

Placement area Constrained to 
ZOC SIP 
ZOR Shoulder-joint-l/r (GSL/GSR) 

Hip-joint-l/r (GHUL/GHUR) 
Ball-joint-l/-r (GFBR/GFBL) 
SIP 

Shoulder height Shoulder-joint-l/r (GSL/GSR) 
Elbow height Elbow-joint-l/r (GELL/GELR) 
Visual fields Mid-eye (GAUM) 

Hip-joint-l/r (GHUL/GHUR) 
Ball-joint-l/-r (GFBR/GFBL) 
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ZOC 

Information covered by Secrecy Agreement with 
Volvo. 

ZOC +30° twist 
ZOR (1st percentile, grasped or 
pushed) 
ZOR + Lean forward and/or sideways 
(1st percentile) 
Height limits (1st shoulder height, 99th 
elbow height) 
Optimum FOV (1st and 99th) 
Maximum FOV (1st and 99th) 
Maximum FOV with head rotation 
* = Suggested as CnOE internal requirement 
UOWO = Used Often While Operating 
USWO = Used Seldom While Operating 
NUWO = Not Used While Operating 

C = Crucial (Shall) 
E = Essential (Should) 
D = Desirable 
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Table 25 - Control categories placement areas for foot operated controls 

*Suggested as CnOE internal requirement 
UOWO = Used Often While Operating 
USWO = Used Seldom While Operating 
NUWO = Not Used While Operating 

The percentiles used for this placement is desired to be 1st and 99th but crucial to be 5th and 95th. It is 
suggested to use the 1st percentile from the population with the sex that is shortest and the 99th 
percentile from the population with the sex that is tallest with a high BMI.  

ZOC is a pre-created volume saved as a part in Catia. Insert it and fit it into the SIP. 

ZOR is inserted by choosing ZOR for the 1st percentile manikin with the chosen posture. 

ZOR with leaning both forward and/or sideways has to be investigated further to be created since 
this thesis not has discussed how far a person reaches if he or she leans. This area does not take 
account of sitting postures. 

Height limits for elbow to shoulder can be created by creating a plane which corresponds to the 1st 
percentile’s shoulder height and a plane which corresponds to the 99th percentile’s elbow height. 

Optimum FOV is chosen by inserting both 1st and 99th percentiles visual zones and choosing the area 
that is overlapping. The same applies to Maximum FOV and maximum FOV with head rotation. The 
angles which correspond to the different areas are presented in the table below. 

Table 26 - FOVs for placement of hand operated controls 

 Up Down Left Right 

Optimum FOV 5° 60° 60° 60° 

Maximum FOV 50° 70° 94° 94° 

Maximum FOV with 
head rotation 

100-105° 120-130° 124° 124° 

Insert the relevant control placement limitation areas in RAMSIS in Catia V5. 

  

Placement Ca
te

go
rie

s 

Pr
im

ar
y 

Secondary or Support 

U
O

W
O

 

U
SW

O
 

N
U

W
O

 

ZOC Information covered by Secrecy Agreement with Volvo. 
ZOR (1st percentile) 
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EXAMPLE PLACEMENT PARAMETERS 
The previous example concluded that Information covered by Secrecy Agreement with Volvo. 

The areas delimitating the best ergonomic placement of the controls are suggested to be: 

• ZOR (1st percentile) 
• Height limits (1st shoulder height, 99th elbow height) 
• Optimum FOV (1st and 99th) 

The pictures below illustrate all the delimitating placement areas. The red volume is ZOR according to 
the ISO standard. The yellow surface is ZOR according to RAMSIS. The dark blue areas are Optimum 
FOV and the purple and light blue planes are the height limits. 

 
Figure 80 - Delimitating placement areas 

 

 

CREATE A DESIGN AID 
Create a volume that is equal to the area where all the delimitating placement areas overlap each 
other, their common area. Then, save the volume. This is the volume which the engineer placing the 
control shall place the controls within. There is an example of this on the next page. 

EXAMPLE DESIGN AID 
The pictures below illustrate a placement area. 

Images covered by Secrecy Agreement with Volvo. 

Figure 81 - Illustration of placement area 

Further illustrations and explanations can be found in section 10.3.4 Illustration of how to create the 
design aid on page 103. 
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WRITE INSTRUCTIONS  
Write a document which explains how to use the control placement design aid. The document should 
contain information regarding: 

• Which controls that should be placed within the volume 
• How controls should be grouped within the volume 

o Functional groups (Found in Table 15 - Final control categorization for hand- and foot 
controls on page 98) 

o Frequency of use 
o Sequence of use 
o Previous placement 

• How important it is to place the controls within the volume 

Also update the opportunities and needs database, as well as the requirement specification 
template.  

EXAMPLE INSTRUCTIONS OF USE 
This area is where the Information covered by Secrecy Agreement with Volvo. 

Controls belonging to the same functional groups should be placed next to each other. Information 
covered by Secrecy Agreement with Volvo. 

Please consider that some controls may belong to different categorization groups but are used in a 
sequence with each other. 

Finish this sub process (Control placement design aid creation) by updating the needs database and 
requirement specification template.  
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12 DISCUSSION 
This chapter will start with a general discussion and other noteworthy details that have come up 
during this thesis work. The next section will discuss the method. 

Information covered by Secrecy Agreement with Volvo. 

Noticed during the thesis work is that the RAMSIS manikin doesn’t sink into the seat like an operator 
would. It is thus difficult to determine whether the heavy truck posture is credible. Suspension and 
other factors may affect sitting postures. It would be great to in the future be able to define 
suspension and other specifications on the seat in RAMSIS when doing the evaluations of the 
operator environments. It would be even better if the manikin automatically adjusted the skin points 
to other geometries in Catia.  

Information covered by Secrecy Agreement with Volvo. 

The verification of the motion capture (MoCap) equipment couldn’t be done in this thesis, neither 
the verification of the control categories and control placement. This can advantageously also be 
carried out in a doctoral project. 

Though MoCap can be quite an expensive investment, it is not difficult to imagine other applications 
for use within Volvo CE. A few of them are suggested in the list below. 

• Increased ergonomics for repair men 
• Increased ergonomics for assembly 

personnel 
• Investigations of best design of the 

cabs' entry and egress (Observed 
problem by the author) 

• Animated commercials 
• Modularization of components related 

to human factors and ergonomics 
• Vibration measuring 

Information covered by Secrecy Agreement with Volvo. 

A technique which collects sight points is eye-tracking which is mentioned here for inspiration for 
future work. The equipment records how the eye is moving and focusing. This is interpreted as which 
areas the person sees, or don’t see. It is however delimited in this study since the theoretical chapter 
found that the location of the eyes is important for vehicle interior design. Other considerations that 
are delimitated from this thesis are how the seat, side arm console and current control locations 
affect the sitting postures. But it is important to point out that CnOE may consider including them in 
these kinds of studies. It is therefore recommended to investigate this further and a suggestion is to 
note which seat the operator uses and what settings has been made to it. 

It was also noted that the H-point is based on the 50th percentile, whilst the zone of comfort (ZOC) is 
based on the 5th and 95th percentile. But the standards assert that the 1st and 99th percentiles should 
be used but the ISO-standards only contain information about the 99th percentile. Concluded is 
therefore that the ISO-standards contradict themselves. Though, information about the shortest (1st 
percentile) may be missing since there is a limit for when you count as short stature. The ISO-
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standards measurements for the percentiles are based on old research. People may have become 
taller since then so they should be updated. 

It has been pointed out that ergonomic improvement may increase direct cost, manufacturing cost 
and time cost. But it was also highlighted that the benefits increased brand identity, product appeal 
and market share at the same time as it brings in more profits. The author’s perception is that the 
benefits outweigh the drawbacks. The engineers and managers should be aware that improved 
ergonomics may seem like increased cost but may generate more profit in the end. The author 
believes that the engineers and managers would benefit from knowing why ergonomic aspects are 
important and what benefits and added value they imply for the users and stake holders. Since a 
company survives on the profit, and not only on the decreased cost, focus should be on increasing 
the profit. Of course that can also be done with decreasing the cost, but cheaper products are not 
always the best way to go. 

This thesis also found that experts and researchers recommend having an ergonomics team who 
work with ergonomic issues during product development. Since there is a risk that ergonomic 
requirements are delimited during the Business Opportunity phase it is important that the 
ergonomics team work actively to find cost efficient solutions and that they are able to motivate why 
and how these requirements increase the value for the customer. Another recommendation is to 
make sure that ergonomic technical solutions are thought of in the beginning of the product 
development processes (PDP) so that they don’t are lost during the development. 

Information covered by Secrecy Agreement with Volvo the only parameters that are affecting control 
placement that changes with frequency of use is the visual field. Hence; the controls may only be 
placed further back. Information covered by Secrecy Agreement with Volvo. 

An improvement of the placement areas may be to consider the fact that one placement area should 
be from one area to the next.  

Information covered by Secrecy Agreement with Volvo. 

The theoretical chapter stated that hip locations and eye location are the most important parameters 
for vehicle interior design. It is questioned by the author since the ZOR, which is used for control 
placement, is based on where the shoulder joints are; not the hip joints. The ZOR for feet is based on 
the hip joints though. Therefore it is suggested that the most important parameters for vehicle 
interior design is hip locations, shoulder locations and eye locations. The author suggests a future 
research to define whether MoCap with body landmarks on those places are sufficient for this kind of 
study. Either way, a future study should be done to verify the body landmarks that were validated in 
this study. 

It might also be useful to know what the operators have to look at while operating, not only for 
control placement but for outer design and visibility improvements. Eye-tracking was mentioned 
earlier. With eye-tracking, Volvo CE would be able to sync what the operator is looking at while he or 
she is sitting in a specific posture. Information covered by Secrecy Agreement with Volvo. 

While discussing other alternatives for investigations that are not inside the delimitations of this 
thesis, pressure plates can also be mentioned. They can be used to investigate seat comfort factors.  
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How well body landmarks correlates to skeleton points can be questioned. Naturally, since the 
landmarks are outside the body and the skeleton points are inside it, there has to be a certain gap. 
But on the other hand, since the study with body landmarks are made for identification of seated 
postures, body landmarks should be good enough. The author recommends researching studies that 
are made to show if body landmarks are sufficient. The author also recommends researching how to 
calculate the distance of the gap so that the body landmarks are from a valid distance from the 
skeleton points in RAMSIS. But since skin points may be used for posture adjustment as well, this 
should not be a problem.  

This study was not aimed to analyze whether RAMSIS is the best ergonomic tool for Volvo CE or not. 
Though it has become clear that the sitting postures used in RAMSIS are conducted by asking humans 
to sit as comfortable as possible so the postures shows a nice way of sitting, not a nice way of 
driving/operating. Volvo Trucks and Volvo Buses don’t use RAMSIS since they observed that the 
heavy truck posture don’t correspond to the way that their drivers’ sit. The authors own observation 
is that operators don’t sit like the heavy truck posture. Therefore, the author strongly recommends 
identifying operators actual sitting postures and transferring them into RAMSIS. 

The result, the process, consists of three activities, really three separate processes. All of which can 
be performed separately. The first activity Gather existing internal information can be performed for 
every CnOE employee’s own increased knowledge and could be a part of the education all newly 
employed personnel should go through, this to increase the knowledge about what is actually 
designed. The second activity – Sitting postures identification can also be performed separately. The 
process can also be used for something else than just sitting postures. Perhaps ingress/egress studies 
as mentioned earlier. The third activity – Control placement design aid creation can also be done 
separately. It is not a requirement to have in real life sitting postures to define the placement areas. 
CnOE could decide to base the design on the heavy truck posture since it is comfortable (though 
sitting comfortably, not operating comfortably), and create the design aids with the assumption that 
all operators should be able to sit in that posture.  

Information covered by Secrecy Agreement with Volvo. 

12.1 METHOD DISCUSSION 
Chapter 3 Method clarified that the method that was to be used to define the process for posture 
identification and control placement consisted of four analyzes and one analysis merge. 

• Product development process 
• Control placement 
• Posture transformation to RAMSIS 
• Sitting postures 
• Knowledge merge and refinement 

12.1.1 PRODUCT DEVELOPMENT PROCESS 

The first analysis aimed to answer the first research question: Why, where and how should Volvo CE’s 
PDP be improved in regards to ergonomics? Information regarding Volvo CE’s PDP, Cab development, 
Design Philosophy and core values had to be gathered. This information was presented in sections 
5.8 Product development, 5.5 Industry and working environment segmentation, 5.8 Cab and Operator 
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Environment, and 5 Volvo Construction Equipment. Chapter 4 Case study description explained that 
the information was to be gathered from the webpage, Volvo internal documents and from 
discussions with employees which also are the sources used in those sections. The theoretical 
sections that was to be used was 2.1 Product development processes and 2.3 Ergonomics, which was 
also the case in the analysis chapter. It was also clarified that the PDP’s was to be compared in 
regards to overall flow and ergonomic aspects and that if it followed the same overall flow, the 
processes should be considered validated and suitable for improvements in Volvo CE’s PDP. This was 
presented in section 6.2 High level overall flows. The analyze concluded that the processes followed 
the same overall flow and therefore the processes was merged to find out where and how Volvo CE’s 
PDP should be improved, which was presented in section 6.3 Merge of process activities. The method 
also stated that all ergonomic improvements were to be used for improvements in Volvo CE’s PDP to 
identify the best possible solution for the process. It is logical that no improvements can be excluded 
if the purpose is to find the best possible process; which was also the case in the analysis. Hence; all 
improvements are valid. The section contains activities for improvements presented in the order it 
should be performed and which phase in the process it belongs to. Hence; where and how are 
answered.  

Why the PDP should be improved was not mentioned in the method chapter but dealt with during 
the analysis. Hence; the method could be improved by defining how to find out why it should be 
improved. Though, since the processes was validated and considered suitable for improvements in 
Volvo CE’s PDP, the information regarding what benefits a detailed PDP brings in regards to 
ergonomics can be considered valid.  

The use of semi-structured discussions for verification can be questioned since the interviewer may 
have difficulties keeping the discussion objective and risking the answers to be colored by the 
interviewer’s opinions. On the other hand, the questions for the interviews were regarding a result 
that the interviewees should use in their everyday work. Hence; the result is directly concerning 
them so the interviewees should not have been answering the questions in a non-objectively way. 
Chapter 10 Knowledge merge and refinement was supposed to verify the improvements which was 
also the case. Hence; the summary with answers to the first research questions in the analysis 
chapter were verified.  

12.1.2 CONTROL PLACEMENT 

The second analysis in chapter 7 Control placement, aimed to answer the fourth and fifth research 
questions: How should controls be placed in the operator environments using the ergonomic tool 
RAMSIS? and How does sitting postures effect placement of controls? Information regarding machine 
steering and current categorization of controls had to be investigated at Volvo CE which was 
presented in section 5.3 Operator environments and machine steering, 5.4 Categorization of controls 
and 5.10.3 Trucks control placement. Chapter 4 Case study description explained that the information 
was to be gathered from interviews and discussions with employees within Volvo Group, Test drive 
of machines, Volvo internal documents and Volvo internal videos. The theoretical sections that was 
to be used was 2.3 Ergonomics, 2.4 Categorizations of controls and 2.1 Product development 
processes, which was also the case in the analysis chapter.  
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The method clarified that the control categories and placement will be based on current used 
categories and both theoretically suggested control placement, laws and regulations. Hence; the 
suggested categories and placement are substantially tried and tested and should therefore be 
qualified for use at Volvo CE as well. 

If the qualitative examples of controls and its category belonging made in the analysis chapter could 
not validate the control categories the author would add own suggestions in chapter 10 Knowledge 
merge and refinement; which was the case since the analysis concluded that there were controls that 
could not be fitted in the categories identified in the analysis. The control categories are furthermore 
identified in discussions with an HMI specialist with 12 years’ experience in the area, including a 
doctoral degree and 4 years at Volvo CE. Since both the specialist and the author have worked with 
controls at Volvo CE before are the validated categories based on theory, laws and regulations as 
well as Volvo CE specific knowledge and should be well substantiated. Though, the result could be 
questioned to be influenced by the combined prior knowledge. But that should not affect the result 
since the controls are validated with qualitative control examples and since the knowledge was 
required to come up with a suggestion. The discussion was supposed to lead to a suggestion that 
seemed to work for all controls and the verification was only supposed to verify whether it was good 
for suggestion; not if it was perfect. To categorize all controls for all Volvo CE’s machines was 
delimited from this study. Appendix B: Validation and verification of control categories and C: 
Validation and verification of control placement validated and verified that the control categories are 
good enough for suggestion to Volvo CE with qualitative semi-structured discussions with experts of 
cab development at Volvo CE, just as described in chapter 3 Method. They were verified to be good 
enough for suggestion by the HMI specialist only since the other experts didn’t think they had as 
much knowledge about that to be able to give a clear answer. Their credibility can therefore be 
questioned but since the report was supposed to come up with a suggestion, the result is good 
enough. 

Chapter 3 Method also clarified that the study would not be able to verify that the placement works 
for all controls in all Volvo CE’s machines, however, they are considered good enough for suggestions 
and is therefore suggested for future studies in chapter 14 Future studies. The control placements 
which was based on laws, regulations, theory and empirics was classified with Volvo CE’s 
requirement classifications Crucial (shall), Essential (should) and Desirable. Chapter 3 Method  stated 
that if the suggested control placement is better in regards to ergonomics and that the control 
placement had to at least fulfill the laws that apply to heavy automotive, the result should be 
considered validated. Since the control placements are closer to the operator and based on 
ergonomics theory they are better in regards to ergonomics. Appendix C: Validation and verification 
of control placement concluded that the control placement areas at least fulfilling the laws that apply 
to heavy automotive as well. Hence; the placement areas are validated, which was also clarified in 
section 10.3.3 Validation and verification of control categories and placement. The same section 
verified the result to be good enough for suggestions by using semi-structured discussions as 
described in chapter 3 Method. 

How to place controls using RAMSIS should have been analyzed in chapter 7 Control placement, but 
the information in the sections described in the method did not address the information needed for 
that. It became clear that information about RAMSIS was needed and that a discussion of best way of 
placing controls had to be made. The conclusion was that the best way would be to aid the engineers 
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when placing controls in the cabs, hence; with a design aid. Therefore the fourth research question 
isn’t fully answered until section 10.3.4 Illustration of how to create the design aid. 

12.1.3 POSTURE TRANSFORMATION TO RAMSIS 

The third analysis in chapter 8 Posture transformations to RAMSIS aimed to answer the third research 
question; which parameters in RAMSIS control the manikin’s posture and placement of controls? The 
information needed from Volvo CE was defined in chapter 3 Method to be regarding sitting postures 
and Volvo CE’s cab development. This information was presented in sections 5.5 Industry and 
working environment segmentation, 5.8 Cab and Operator Environment, and 5.10.4 CE sitting 
postures. Chapter 4 Case study description explained that the information was to be gathered from 
Volvo internal software, Volvo internal videos, Interviews and discussions with employees within 
Volvo Group and Volvo internal documents. The theoretical sections what was to be used was 2.2 
Anthropometry, 2.3 Ergonomics and 2.5 RAMSIS software, which was also the case.  

Chapter 3 Method stated that the parameters found in the theoretical chapter would be compared 
to each other to find the body landmarks that corresponded to the useful parameters in RAMSIS. All 
of those was supposed be included in the result of the analysis. The corresponding parameters would 
be considered validated and verification of all parameters except the percentiles was delimited from 
this study. Chapter 8 Posture transformations to RAMSIS first analyzed what parameters that could 
be useful and then validated which parameters that corresponded just as described in the method. 
These parameters were not verified and will be suggested for future study in chapter 14 Future 
studies. The percentiles concluded in the analysis were verified by semi-structured discussions with 
Volvo CE ergonomics experts. 

The method lacked information on how to decide the parameters that control the placement areas. 
Though, the ISO-standard stated that ZOC is counted from the SIP. The information about RAMSIS 
stated that ZOR is calculated from the shoulder joints and the hip joints. It is logical that the FOVs are 
based on the eyes’ location. Since the controls should be placed between shoulder- and elbow 
heights, these points should be considered valid as well. These parameters could be enough for 
posture identification with MoCap as well since RAMSIS has a built in function to adjust the manikin’s 
posture to the most comfortable one given needed restrictions.  

It can be questioned whether it is skin points on the upper side of the shoulders and lowest part of 
the elbow which sets these placement areas. But since the operator should not have to lift the arm 
above shoulder height as stated in section 2.3 Ergonomics, controls cannot be located as high as the 
upper shoulder skin points since it most probably will cause the operator to raise the arm above 
shoulder height. All parameters are considered valid. They were also verified by experts at Volvo CE. 

12.1.4 SITTING POSTURES 

The fourth analysis in chapter 9 Sitting postures aimed to answer the second research question: what 
method for posture identification is suitable for Volvo CE? The information needed from Volvo CE was 
defined in chapter 3 Method and was regarding previous studies, product range, and industry and 
working environment segmentation, operator environments and machine steering and sitting 
postures. The information was presented in sections 5.1 Discussions with employees, 5.5 Industry and 
working environment segmentation, 5.3 Operator environments and machine steering and 5.10 
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Previous studies. Chapter 4 Case study description explained that the information was to be gathered 
from the web page, Volvo internal documents, interviews and discussion with employees within 
Volvo Group, Test drive of machines, Volvo internal videos, and Volvo internal software. Volvo 
internal software was not used until the merge in chapter 10 Knowledge merge and refinement. This 
should not affect the result since the information is used for the planned questions. The theoretical 
section that was to be used was 2.6 Methods for posture recording, which was also the case. 

Chapter 3 Method stated that the analysis would define a set of validation criteria, which was also 
made. It was decided (in chapter 3 Method) that it was enough to prove that the method 
investigated did not fulfill one of these criteria to conclude that it was not suitable for Volvo CE. The 
methods that seemed to fulfill the criteria were considered validated. The method chapter had 
stated that the methods that weren’t able to be tested and in that way verified would be suggested 
for future research, which was the case with the MoCap equipment. They will therefore be suggested 
for future research in chapter 14 Future studies. However, the thesis was able to verify that if the 
MoCap equipment works, the rest of the process will work. 

The results from the above mentioned analyses was then to be discussed and merged in a logical 
order in chapter 10 Knowledge merge and refinement. Chapter 6 Product development process was 
decided to form the framework for the process that was the goal of the study. Chapter 9 Sitting 
postures, 8 Posture transformation to RAMSIS and 7 Control placement was then decided to be 
merged into that framework, in that order. This was done in chapter 10 Knowledge merge and 
refinement. 

Since all research questions were answered, the purpose of this thesis written on page 4 may be 
considered fulfilled.  

The goal of this thesis was to deliver a process which identifies and transfers sitting postures to 
RAMSIS and use them for control placement recommendations in the cab and operator 
environments. The process was presented in chapter 11 Result. Hence; the goal of this thesis is 
fulfilled. 

The process is based on theories and practices that are generally described. All information regarding 
sitting postures and control placement are described and applied for different vehicles; not only 
construction equipment. The Volvo Construction Equipment specific information regarding how they 
categorize controls up until this thesis was conducted can be used for inspiration for others trying to 
categorize controls and functions. Therefore, the result may also be used for other vehicles than 
construction equipment. 
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13 CONCLUSIONS 
The purpose of this thesis was to enhance Volvo CE’s product development process by suggesting 
guidelines for control placement with improved ergonomics based on operators’ sitting postures. To 
fulfill the purpose, five research questions were answered and are herein summarized. 

Volvo CE (specifically CnOE) should improve the product development process (PDP) in regards to 
ergonomics since a detailed PDP ensures both product and project quality. Focus for ergonomic 
aspects should be in the first four phases in the CnOE process. Figure 44 - Figure 50 contains the 
improvements that should be made. 

Sitting postures does not affect the ISO-standards parameters for control placement. Though it 
affects the delimitation areas needed for optimal ergonomic placement of controls in RAMSIS. Thus; 
RAMSIS is more accurate and are affected by sitting postures. The delimitation areas concern reach, 
height and visual fields. Therefore, Volvo CE needs to investigate how operators are actually sitting to 
place controls optimally from an ergonomic point of view. Optical- and inertial motion capture 
(MoCap) are methods that are suitable for posture identification at Volvo CE and the methods should 
be used together with body landmarks which primarily correspond to the human joints and 
secondarily corresponding points on the human skin in RAMSIS. 

It was concluded that the best way of aiding engineers during control placement was to create design 
aids formed as volumes in Catia. The design aids are delimited by the delimitation areas needed for 
optimal ergonomic placement. The parameters needed in RAMSIS for these are H-point, ball-joint, 
hip-joints, shoulder-joints, elbow-joints and mid eye. Controls should be placed differently depending 
on if they are hand- or foot operated and their importance, function, frequency- and sequence of use. 

The goal was to deliver a process which (i) identifies and transfers sitting postures to RAMSIS and (ii) 
use them for control placement recommendations in the cabs and operator environments. Since the 
process is too time consuming to fit in a product development project, the resulted process is 
designed as an AE project process. The resulted process is presented in chapter 11 Result and it can 
also be applied for other vehicles than construction equipment. Thus, this thesis goal is met, the 
research questions have been answered and the purpose is fulfilled. 

The process is divided in three activities all of which can be performed separately; the design aid can 
be created without knowing how the operators are sitting while operating. Likewise the sitting 
postures can be identified without requiring the creation of the design aid. The information that was 
needed to be gathered about the machine and the users can be collected separately from the other 
activities. 

The thesis concluded that the use of film, photos, a faro-arm, depth sensors and CMM are not 
suitable for identification of sitting postures at Volvo CE. The thesis could not use MoCap equipment 
for this study, but it verified that if the equipment works the rest of the process and the body 
landmarks suggested works. The equipment is used for similar investigations and therefore it can be 
assumed to work for this purpose. Thus, MoCap should be suitable for Volvo CE. The equipment may 
also be used for investigations like ingress/egress, ergonomic production, vibration measurements 
and more extensive sitting posture studies.  
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The thesis couldn’t verify that all parameters (body landmarks, skeleton points, skin points) are 
needed for the sitting posture study; the most important ones for control placement are verified. 

Sitting postures is not only different depending on a person’s height, the road conditions, the 
machines speed or the seat which the person is sitting in. They are also highly individual. One might 
find sitting postures of one person that never occurs for others. Even aspects like personality, 
weather, abrasion on controls and visibility factors may affect sitting postures. CnOE is 
recommended to investigate sitting postures with extreme or expert users and to film the work and 
environment outside the cab to understand and categorize the sitting postures. 

The ISO-standards say that tall and short (95th and 5th percentiles) humans have to be considered 
when designing products but it is recommended to use very tall and very short (99th and 1st 
percentiles) humans when designing cabs and operator environments. The author suggests using the 
very short (1st percentile) from the sex and population that is the shortest and the very tall (99th 
percentile) from the sex and population that is the tallest. It is also recommended that CnOE use 
different BMIs. This is to make the machines even more user-friendly and to minimize the risk that 
the cabs and operator environments are designed to exclude operators and customers. The ISO-
standards are contradicting since the percentiles suggested are not consequent and data for the 1st 
percentile is missing but it could be for the reason that there is a limit for when you are counted as 
short stature. The percentile data are also be old and should be updated. 

Though the ISO-standards recommends using the very tall (99th) and very short (1st) percentiles for 
placement of controls, their designed ZOC which should be the most comfortable area to place 
controls, is designed with the 5th and 95th percentile. If the controls are attached to the seat, the 
shortest manikin (1st percentile, that can be used in RAMSIS), does not reach everywhere within the 
area of ZOC without having to lean. 

The ISO-standard lacks information of how to group and place controls that are not needed for the 
proper functioning of the machine. These are concluded to be support functions divided in Machine, 
Equipment and Operator in this thesis. 

The ISO-standards only separate frequency of use as continuously/frequently or infrequently. It was 
concluded that Volvo CE needs to separate the infrequently category into three more: Used often 
while operating, Used seldom while operating and Not used while operating. The controls that are 
used often while operating are important for the operator and should therefore be placed closer to 
the operator than the controls that are not used while operating. 

The control placement is down to the level of control categories placements. Details concerning only 
one control are delimited. The control categories recommended could not be verified to work for all 
machines. It is only verified that they are good enough for suggestion for Volvo CE. Volvo CE must 
evaluate whether the categories covers all controls or if they are too many. It was concluded that the 
function categories should have controls that belong to each importance- and frequency of use 
category. Furthermore, controls that are used in sequence and controls that control the same type of 
function should be placed together. 

Recommendations for placement of controls in this thesis are aimed to be an optimal ergonomic 
placement. It was concluded that the only delimitating placement area that, according to this 
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suggestion, changes between controls frequency of use are the visual fields. Hence; controls not used 
while operating should be placed further back than the other ones. 

Information covered by Secrecy Agreement with Volvo. 

Ergonomic improvements in products may increase cost, but should create an added value for the 
customer, which in the end may increase the profit. Thus it may be profitable to focus on 
ergonomics. 

Ergonomics focus in product development at Volvo CE should be before the Concept Study, when the 
product’s requirements are set and begin in the BOP (Business Opportunity Phase). CnOE should 
write an own explanation of how to write a BOD (Business Opportunity Description) from their 
perspective. Ergonomics should always be one step ahead the technical development and ergonomic 
technical solutions should be thought of continuously from the start of the product development 
process.  

Information covered by Secrecy Agreement with Volvo. 

The heavy truck posture in RAMSIS that is currently used for development and evaluation at Volvo CE 
doesn’t seem to correspond to the operators’ actual sitting postures. Information covered by Secrecy 
Agreement with Volvo. Thus, it is important to investigate sitting postures since there is a risk that 
the operator environments are developed with other types of vehicles in mind and therefore not to 
fit the work done in construction equipment. 

CnOE should contact other employees within Volvo Group (Volvo Trucks, Volvo Buses) to learn more 
about how they work and what knowledge they base their development on. 

Information found during this thesis work says that eye location and hip locations are the most 
important parameters for interior vehicle design. This thesis found that shoulder joint location is just 
as important. This is because both ZOR and the shoulder height are based on the shoulder joint 
location. The introduction chapter stated that 77% of all major work related injuries are WRMD 
(Work Related Musculoskeletal Disorders). Arms lifted above shoulder height increases the risk for 
WRMD and therefore the author recommends considering the shoulders as one of the most 
important factors for interior vehicle design. 
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14 FUTURE STUDIES 
This chapter presents the future studies identified in this thesis. The studies are divided into three 
categories: 

• The product development process 
• Identification of sitting postures 
• Control placement 
• Others 

14.1 THE PRODUCT DEVELOPMENT PROCESS 
Information covered by Secrecy Agreement with Volvo. 

14.2 IDENTIFICATION OF SITTING POSTURES 
CnOE is recommended to develop a template for all the questions and information that is needed to 
be gathered during the sitting postures identification.  

If it is sufficient to know the upper body’s sitting posture, CnOE is recommended to test the film and 
photo method to identify those upper body sitting postures. 

The thesis concluded that motion capture (MoCap) should be suitable for this kind of study. CnOE is 
recommended to further develop that method and streamline the process for sitting posture 
identification. It is not necessary to purchase the equipment. The equipment can be rented or 
demonstrated by a retailer. 

CnOE is also recommended to verify if all the body landmarks validated to be used together with 
MoCap are really needed. CnOE is recommended to investigate if body landmarks corresponding to 
the parameters that are needed in RAMSIS for control placement are sufficient. 

CnOE is also recommended to create a template or guidelines of how to classify what a sitting 
posture is and what a motion is and also how the identified postures should be classified (per 
machine, application etc.). The author recommends CnOE to further investigate the filmed material 
and to have a test trial with MoCap to identify this. 

CnOE is recommended to research how to handle that different sized human will apply different 
sitting postures to do the same tasks. Another future study is recommended to investigate how to 
calculate the most common sitting postures from the motions that the MoCap equipment will 
generate. 

It also has to be determined how to handle that one should use the 1st and 99th percentiles in 
development of cabs and operator environments. CnOE is recommended to further investigate how 
to handle that when collecting sitting postures. Will the study only collect sitting postures from very 
short, near the 1st percentile, and from very long, near the 99th percentile? Or will the study collect 
sitting postures from a sufficiently number of operators so that Volvo determine their own 1st and 
99th?  
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CnOE is also recommended to use eye tracking and investigate if any conclusions can be made about 
what the operators are looking at in certain postures and what controls that then needs to be close. 
CnOE is also recommended to investigate in what other studies eye tracking may be of use.  

CnOE is also recommended to investigate what is a comfortable operating posture, since a 
comfortable sitting posture and a comfortable operating posture is not the same. CnOE is 
recommended to base all design from the comfortable operating posture. 

It was noticed that seat suspension and relation between the manikin and other geometries in Catia, 
which may affect sitting postures, does not exist in RAMSIS. It would therefore be interesting to 
expand the program to automatically adjust the posture to other geometries in Catia, likewise to let 
the manikin sink into the seat. CnOE are therefore recommended to start a research project together 
with Human Solutions Assyst AVM to investigate how to increase knowledge about it and incorporate 
it into RAMSIS. 

14.3 CONTROL PLACEMENT 
Information covered by Secrecy Agreement with Volvo. 

CnOE is recommended to investigate how far the shortest operator reaches while still grasping 
and/or pushing levers and other controls. This information can be used for longest distance between 
controls that are used in sequence with each other. 

CnOE is also recommended to categorize all the controls on all machine types. 

CnOE is also recommended to create the design aids and remember to remove the areas where 
controls are not allowed to be located due to the risk of obstructing the operator’s road focus. 

CnOE is recommended to investigate which percentile’s zone of reach (ZOR) is the shortest when the 
manikin’s feet are constrained to the foot operated controls since the tallest percentile potentially 
could have a narrower ZOR due to that the human sits further away from the steering wheel and 
other controls. 

CnOE is recommended to investigate how far the shortest percentile reaches if it has to lean both 
forward and/or sideways.  

CnOE is recommended to create a narrowed ZOC for the 1st and 99th percentiles by repeating the 
method for the version that is presented in the ISO-standard. 

CnOE is recommended to further discuss control placement by looking into more detailed for 
separate controls. 

CnOE is recommended to investigate how far the shortest percentile’s feet reaches while pressing a 
pedal and use that to place foot operated controls so that even the shortest operator reaches to 
depress the controls in the most depressed position. 

CnOE is lastly recommended to investigate how to facilitate the design aid creation by finding out 
how to insert all placement delimitation areas into the SIP. 
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14.4 OTHERS 
Volvo CE is recommended to point out that the ISO-standards are contradicting since the percentiles 
suggested are not consequent and the data for the 1st percentile is missing and make sure that this is 
fixed. Volvo CE should also recommend the International Standardization Organization to update the 
percentile data since they are old. They may not be accurate since humans have become 10 
millimeters taller each ten years during the 20th century.  

Information covered by Secrecy Agreement with Volvo. 

CnOE is recommended to learn more about economic pros and cons with improved ergonomics to 
make it easier to argue for ergonomic improvements despite increased product cost. 

Volvo CE is recommended to research the following with MoCap: 

• Ergonomics for repair men 
• Ergonomics for assembly personnel 
• Ingress/egress 
• Animated commercials 
• Modularization of components related to human factors and ergonomics 
• Vibration in the cabs and operator environments 
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A. BHL CONTROLS 
The following is examples of what types of functions that the machine has that are steered with 
controls in the cab. First are examples from the BHL. 

The left control list can be found in Figure 35 - Backhoe loader cab (Volvo Construction Equipment, 
2014)41. The right control list can be found in the picture in the middle. 

• Steering wheel 
• Accelerator pedal 
• Brake pedal 
• Park brake 
• Ignition (rotary switch) 
• EXC bucket levers 
• Horn 
• Radio 
• Window washer and 

wiper 
 

Figure 82 - Backhoe loader lever 

• Loader lever 
• Gear shifting switch 
• Lever lock switch 

 

 

Figure 83 - Backhoe loader switches (Volvo Construction Equipment, 2014) 
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• Rotary beacon (rocker switch) 
• Master lightning switch (rocker switch) 
• Working light front (rocker switch) 
• 4 wheel drive (rocker switch) 
• Boom suspension/dampening (rocker 

switch) 
• Throttle lever 
• Detent 

 

• Hazard warning (rocker switch) 
• ISO setting? (rocker switch) 
• EXC bucket lock (lockable rocker switch) 
• Working light rear (rocker switch) 
• Rear window washer and wiper (rocker 

switch) 
• Hydraulic hammer (rocker switch) 

 

 
Figure 84 - Climate panel 

Climate panel 
Recirculation (rocker switch) 
Cooling, air conditioning system (rocker switch) 
 

Other controls that can be found in some machines are: 

• Engine emergency stop (push button) 
• Auto idling (rocker switch) 
• Idling (rocker switch) 
• Kick down (rocker switch) 
• Auto idling on/off (rocker switch) 
• Keypad settings (keypad) 
• Central lock (rocker switch) 
• Audio mute (rocker switch) 
• Tilting cab (rocker switch) 
• Change between electrical engine and combustion engine (rocker switch) 
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B. VALIDATION AND VERIFICATION OF CONTROL CATEGORIES 
Since the author has limited knowledge about controls and functions of all machines, validation of 
control categories were made in consultation with an HMI specialist at Common Solutions Cab and 
Operator Environment with 12 year experience, whereof 4 years at Volvo and a Doctor degree in 
operator support. Validation of control categories was defined to be with example of a control per 
category. The categories that are validated with other machines than the BHL are marked grey.  

Primary (Frequently and continuously used and crucial for the proper functioning of the machine) 
Machine  Equipment  Machine with several operating positions, when operating 

the position one is not seated in 
Steering wheel Loader levers Throttle lever or Lever for EXC bucket 

Secondary (Infrequently used but crucial for the proper functioning of the machine) 
UOWO USWO NUWO 

Change between electrical engine and 
combustion engine/Regeneration Engine emergency stop Ignition/regeneration 

Machine support (Not crucial for the proper functioning of the machine) 
UOWO USWO NUWO 

Kick down Auto idling Idling 
Equipment support (Not crucial for the proper functioning of the machine) 

UOWO USWO NUWO 
Horn Auto idling on/off Keypad settings 

Operator support (Not crucial for the proper functioning of the machine) 
UOWO USWO NUWO 

Work lights Audio mute Central lock 
 

Function categories  
Information covered by Secrecy Agreement with Volvo. 

Conclusion: The categories are validated. 

The HMI specialist states that the categories are good enough for suggestion. 
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C. VALIDATION AND VERIFICATION OF CONTROL PLACEMENT 
Section 3.2 Control placement stated that if the suggested control placement is better in regards to 
ergonomics, the result is considered validated. 

The following are tables with the concluded placement areas and which priority level they belong to. 
The priority levels in brackets represent the ISO-standards.  

Primary hand controls (Frequently and continuously used and crucial for the proper functioning of 
the machine) 
 Machine  Equipment  Machine with several operating positions, when 

operating the position one is not seated in 
ZOR  

Information covered by Secrecy Agreement with Volvo. 

ZOC 
ZOC + 30° twist 

Optimum FOV 

Maximum FOV 

Between shoulder 
and elbow 

C = Crucial (Shall) 
E = Essential (Should) 
D = Desirable 

Conclusion: The placement areas for primary hand controls are at least better than the ISO-standards 
in regards to ergonomics. 

Primary foot controls (Frequently and continuously used and crucial for the proper functioning of 
the machine) 

 Machine Equipment 
ZOR  Information covered by Secrecy Agreement with Volvo. 
ZOC 

Conclusion: The placement areas for primary foot controls are at least better than the ISO-standards 
in regards to ergonomics. 

  

* = Suggested as CnOE internal requirement 

* = Suggested as CnOE internal requirement 
C = Crucial (Shall) 
E = Essential (Should) 
D = Desirable 
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Secondary hand controls (Infrequently used but crucial for the proper functioning of the 
machine) 
 Used often while 

operating 
Used seldom while 

operating 

Not used while 
operating = Used 

seldom 
ZOR  

Information covered by Secrecy Agreement with Volvo. 

ZOR + Lean 
forward and/or 
sideways  
ZOC 
Optimum FOV 
Maximum FOV 
Maximum FOV 
with head 
rotation 
Between 
shoulder and 
elbow 

Conclusion: The placement areas for secondary hand controls are at least better than the ISO-
standards in regards to ergonomics. 

Secondary foot controls (Infrequently used but crucial for the proper functioning of the machine) 
 UOWO USWO NUWO 
ZOC Information covered by Secrecy Agreement with Volvo. 
ZOR 

Conclusion: The placement areas for secondary foot controls are at least better than the ISO-
standards in regards to ergonomics. 

Tertiary controls are not mentioned in the ISO- standards. Hence; the placement areas are at least 
better than the ISO-standards. 

Conclusion: The placement areas are considered validated. 

The placement is verified to be reasonable by the ergonomics engineer, but they have to be able to 
make exceptions and be able to assess different situations and evaluate the consequences for some 
situations. This is delimited from this study. 

 

* = Suggested as CnOE internal requirement 
UOWO = Used Often While Operating 
USWO = Used Seldom While Operating 
NUWO = Not Used While Operating 

C = Crucial (Shall) 
E = Essential (Should) 
D = Desirable 

* = Suggested as CnOE internal requirement 
UOWO = Used Often While Operating 
USWO = Used Seldom While Operating 
NUWO = Not Used While Operating 

C = Crucial (Shall) 
E = Essential (Should) 
D = Desirable 
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