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Abstract 
Testing a PCB assembly can be very time consuming due to its complexity and 
compactness. Tests are desired to be consistent and test coverage should be as high 
as possible, which is perfect for automated testing software. 
This thesis intends to develop computer controlled tests of faulty PCB assemblies 
using boundary scan, which is meant to quickly locate the error so that an analysis 
engineer can evaluate it and prevent it from happening in future versions of the 
product. Boundary scan is even able to test the inner circuitry. 
Testing with boundary scan has been around for quite some time, but in recent 
years it has shown to be truly valuable and time saving, due to the increasing 
complexity of PCB assemblies. The conclusions reached in this study are promising 
for future tests and development of PCBs using boundary scan, which has shown 
to be quite the powerful tool. 
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Sammanfattning 
Att testa kretskort kan ta lång tid då de kan vara väldigt komplexa och kompakta. 
Det krävs att testningen är konsekvent och att testtäckningen är så hög som 
möjligt, något som är bra lämpat för automatiserad testningsmjukvara. 
Denna kandidatrapport handlar om hur man utvecklar ett datorstyrt system för 
att testa kretskort med hjälp av boundary scan, vilket används för att snabbt hitta 
ett fel, så att en expert kan ta hand om felet och förhindra det i framtiden. Boundary 
scan kan till och med användas för att testa inre kretsar. 
Boundary scan har funnits under en längre tid, men det är under de senare åren, 
när kretsar blir mer och mer avancerade, som det har visat sig vara väldigt 
värdefullt. Resultaten från den här studien är lovande för framtida studier inom 
testning och utveckling av kretskort med hjälp av boundary scan, vilket har visat 
sig vara ett väldigt kraftfullt verktyg.  
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Notations 

Table 0.1 - Notations. 

Abbreviation 
or Acronym 

Meaning Explanation Context 

ATE Automatic Test 
Equipment 

Test equipment which 
has been automated  

Used in 
chapter 3 

BOM Bill of Materials A list of all components 
used in a design 

Used in 
chapter 3 

BSDL Boundary Scan 
Description 
Language 

A file which describes a 
boundary scan enabled 
integrated circuit 

Used in 
chapter 3 and 
4 

CAD Computer Aided 
Design 

A design for something, 
made with the help of a 
computer 

Used in 
chapter 3 

DIF Data Interchange 
Format 

A .dif file was 
automatically generated 
by the Goepel Galaxy 
software tool 

Used in 
chapter 4 

DR Data Register A register which contains 
data 

Used in Fig 
3.3 and 
chapter 3 

ESD Electrostatic 
Discharge 

Static electricity 
suddenly transferred 
between two electrically 
charged objects 

Used in  
chapter 3 

FPGA Field Programmable 
Gate Array 

A device containing user 
programmable logic 
components and 
interconnects 

Used in 
chapter 3 and 
4 

I/O Input/Output A program, operation or 
device that transfers data 
between circuits or 
computers 

Used 
throughout 
the report 
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Abbreviation 
or Acronym 

Meaning Explanation Context 

ICT In Circuit Test A test which can be 
executed in the circuitry 
of a printed circuit board 

Used 
throughout 
the report 

IEEE Institute of Electrical 
and Electronics 
Engineers 

A professional 
association with more 
than 400,000 members 
around the word 

Used in 
chapter 3  

IR Instruction Register A register which contains 
instructions on how to 
handle data 

Used in Fig 
3.3 and 
chapter 3 

ISY Institutionen för 
Systemteknik 

One of the departments 
of the Linköping institute 
of technology, 
Department of electrical 
engineering in English 

Mentioned on 
title page, 
page iii and 
page ix 

JTAG Joint Test Action 
Group 

The group of people who 
created the JTAG 
standard 

Used 
throughout 
the report 

MPC Multi-Purpose 
Camera  

A product family from 
Autoliv Electronics AB 

Used 
throughout 
the report 

PCB Printed Circuit Board A thin board on which 
electrical components 
can be placed 

Used 
throughout 
the report 

PIP Parallel Interface Port A port which is used for 
parallel communication 

Used in 
chapter 3 and 
5 

RAM Random Access 
Memory 

A memory used to store 
temporary information 

Used in 
chapter 4 and 
Appendix C 

TAP Test Access Port The test access port 
controls the boundary 
scan testing procedure 

Used in 
chapter 3, 4 
and 5 
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Abbreviation 
or Acronym 

Meaning Explanation Context 

TCK Test Clock Control signal deciding 
when the TAP controller 
should change state 

Used in 
chapter 3 

TDI Test Data In The start of the boundary 
scan shift register 

Used in 
chapter 3 

TDO Test Data Out The end of the boundary 
scan shift register 

Used in 
chapter 3 

TMS Test Mode Select Control signal to the TAP 
controller deciding JTAG 
mode 

Used in 
chapter 3 

TRST Test Reset Control signal to reset 
the TAP controller 

Used in 
chapter 3 

UUT Unit Under Test The unit on which tests 
are performed 

Used in 
chapter 3, 4, 5 
and  
Appendix D 

VHDL VHSIC (Very High 
Speed Integrated 
Circuit) Hardware 
Description 
Language 

Programming language  Used in 
chapter 3 
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1  
Introduction 

 
 
 
The technologies for safety systems in cars developed by Autoliv Electronics AB 
save more than 30,000 lives per year. Autoliv are the world’s largest supplier of 
automated safety systems, and many leading car manufacturers in the world use 
their products. There are two fields within which Autoliv works, passive safety 
and active safety. Passive safety includes safety systems such as anti-whiplash, 
steering wheels and airbags, and active safety systems include radar, active seat 
belts and dynamic spotlight, to mention a few. 
 
This bachelor thesis focuses on improving the test- and analysis equipment for 
Autoliv’s multi-purpose camera (MPC) units. 

1.1  Motivation 
More than 30,000 lives per year are saved by Autoliv’s technology for safer cars, 
and more than 300,000 injuries are prevented [1]. To maintain and even further 
increase these numbers, their populated printed circuit boards (PCBs) controlling 
the safety features need to be thoroughly tested. Tests are performed partly to 
make sure that everything works as expected when the PCB assemblies are new, 
and partly to find errors on the circuit boards when they are sent back from the 
customer because of a technical problem. This study intends to further examine 
the testing possibilities of faulty PCB assemblies to find a solution to make testing 
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more accurate and consistent, and to shorten the time it takes to locate an error.  
 
Today, one of the test methods used at Autoliv is where engineers are manually 
testing and evaluating faulty PCB assemblies, which sometimes takes long time. 
This testing method does not enable the inner circuitry to be tested, something that 
boundary scan enables. Testing and evaluating faulty PCB assemblies is very 
important to prevent similar technical errors from occurring in the future, and to 
make sure that the product works as expected.  
 
Autoliv has chosen the German company Goepel as the supplier of all boundary 
scan software tools and hardware, because of their high quality products and 
outstanding technical support, which is handled in conjunction with the company 
EP-TeQ1. Boundary scan is a way to test the inputs and outputs (I/Os), internal 
circuitry and individual signals of an integrated circuit (IC) very fast, compared to 
the testing method described above, and boundary scan only uses a few test pins 
to control the entire testing process [2]. 

1.2  Purpose 
The purpose of this study is to develop a testing method using boundary scan to 
examine how high test coverage that can be achieved in the tests of faulty PCB 
assemblies. Using boundary scan enables testing without damaging the PCB 
assemblies or its components, which is something associated with traditional 
trouble shooting procedures, for example component swapping. Boundary scan 
will also provide access to signals and interconnections inside the circuit, and will 
drastically shorten the time it takes to test and find errors on faulty PCB assemblies.  

1.3  Problem statements 
Three different methods of testing are used and evaluated, all utilizing boundary 
scan and JTAG2, to see which is the most effective in terms of test coverage. Both 
JTAG and boundary scan will be more thoroughly explained in chapter 3, theory.  

                                                
1 EP-TeQ are the company which has provided support for all Goepel’s products regarding 
boundary scan to Autoliv during this project. 
2 JTAG (Joint Test Action Group) is a standard used for integrated circuits which includes 
boundary scan. 
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The three different methods of testing are: Boundary scan using one processor at a 
time, boundary scan using all processors available on the PCB assembly cascade 
connected, and cascade connected boundary scan using a CION measurement card 
in conjunction with all processors. All these methods can be developed and 
theoretically evaluated using only computer software tools and models of the 
hardware, without actually connecting any hardware. In addition to this, all 
methods can also be performed physically to actually perform real tests on  
the PCB assemblies. For this, additional hardware needs to be connected and 
integrated in the testing process. The questions that this thesis intends to answer 
are the following: 
 
• Out of the three different methods mentioned above, which method of testing 

results in the highest test coverage? 
• What can be done to further improve test coverage to the next generation of 

testing equipment and PCB assemblies? 
 
The first question aims at evaluating the possible methods in what is Autoliv’s first 
attempt at using boundary scan for testing faulty PCB assemblies. Boundary scan 
testing is meant to be used together with other testing methods they currently use 
to shorten the time it takes to find an error.  
 
The second question is aimed at the next generation of testing equipment for 
Autoliv. The second generation of testing equipment is nothing that this study will 
examine in detail, although points regarding changes and improvements from the 
first generation to the next will be made and evaluated.  

1.4  Research limitations 
In this thesis, focus will be on setting up the software tools and to enable virtual 
tests of all MPC units, utilizing the three methods of testing previously mentioned. 
All preparations and how to connect the hardware to perform the physical test on 
the PCB assemblies will also be covered, but the results from them will not be 
covered in this thesis because focus was shifted towards developing and 
evaluating tests in a virtual environment. 
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1.5  Thesis outline  
Since Autoliv’s multi-purpose camera (MPC) product family and systems are very 
interesting, chapter 2, background, is added. In the background chapter, an 
overview of the features of the MPC units from Autoliv is mentioned. These are 
the units that this thesis intends to develop a test method for. 
 
To understand the contents of this thesis, basic knowledge in electronics is 
sufficient. Theoretical information about boundary scan is described in detail in 
chapter 3, theory, together with the hardware and software equipment necessary 
to perform the three methods of testing.  
 
Chapter 4 describes how all tests have been set up and performed. It also describes 
how everything should be connected in the software tool to enable execution of 
virtual tests and how the results from these tests are presented. 
 
Chapter 5 features the results of the thesis. Here, the levels of test coverage for the 
three different methods of testing are presented. A schematic for how to connect 
all the hardware needed to perform physical tests is also shown and explained. 
 
The penultimate chapter, chapter 6, discusses and evaluates the whole study. The 
work in this thesis is looked at in a wider perspective, and sources and the 
theoretical basis are criticized. New methods to increase test coverage to further 
improve the PCB assemblies are also discussed. 
 
Finally, in the last chapter, conclusions of the work in this thesis, and possible 
future work in this project, is presented. 
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2  
Background 

 
 
 
To give the reader a brief insight and overview of how the system works, this 
chapter describes some of the basic features of Autoliv’s multi-purpose camera 
(MPC) product family units. 

2.1  Features 
Autoliv are working with 100 car brands and over a thousand car models, as of 
June 2016, and has developed several unique camera systems. In this project, focus 
is on four different units from Autoliv’s MPC product family. The four units that 
this thesis has developed a testing method for are: 
 
• SMPC 22 – Stereo MPC unit with cameras 22 centimeters apart 
• SMPC 16 – Stereo MPC unit with cameras 16 centimeters apart 
• MPC entry – MPC unit with a single camera 
• MPC high – MPC unit with a single camera 

 
These MPC units all have different features, but they are constructed similarly, 
including one or two cameras mounted on the unit, see Fig 2.1 and Fig 2.2.  
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Figure 2.1 - Stereo multi-purpose camera unit. 
This is how the stereo version of the MPC unit looks in its casing. The unit has two cameras, 
either 16 or 22 centimeters apart [3].  
 

 
Figure 2.2 - Mono multi-purpose camera unit. 
This is how both the MPC entry and MPC high units look in their casing [3]. 
 
The main purpose for all MPC units is to prevent accidents and make the roads 
safer for everyone. All MPC units are mounted on the inside of the car, in front of 
the rear view mirror. Under follows a list of figures, all taken from [3], which 
showcase some of the features of the MPC units and how they are implemented in 
reality. The caption under every figure explains in short what is illustrated. 
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Figure 2.3 - General object detection. 

 

 
Figure 2.4 - Vehicle detection. 
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Figure 2.5 - Pedestrian detection at night. 

 

 
Figure 2.6 - Pedestrian detection in daylight. 
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Figure 2.7 - Road boundary detection. 

 

 
Figure 2.8 - Road lane detection. 
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Figure 2.9 - Light source recognition. 

 
This is just an overview of the features available on the MPC units today. As can 
be seen above, the MPC units are capable of analyzing a great amount of data. This 
data is then used to aid the driver in everyday situations.  
 
As the features of the MPCs are not the main part of the thesis, they are not 
explained in detail here. The reason for why they are mentioned is to give the 
reader an overview of what the MPC units, that this thesis developed a test method 
for, are capable of. 
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3  
Theory 

 
 
 
All necessary theoretical background needed to perform tests on a printed circuit 
board (PCB) assembly using boundary scan is explained in detail, to allow the 
reader to fully understand the contents of this thesis. This chapter also describes 
hardware and software tools that can be used when testing a PCB assembly. 

3.1  Boundary scan 
Boundary scan is a collection of ground rules applied on integrated circuit (IC) 
level, which are designed to enable software tools to test very complex PCB 
assemblies. Boundary scan is a part of the Institute of Electrical and Electronics 
Engineers (IEEE) standard 1149.1 – 1990, also known as the Joint Test Action Group 
(JTAG) [4]. This standard is based on the idea of putting memory elements on all 
the inputs and outputs (I/Os) of a circuit and then connecting these memories in 
what ultimately resembles a shift register, to allow computer software tools to read 
and manipulate the I/Os of the circuit. JTAG is used to connect to microchips and 
load software in microprocessors and field programmable gate arrays (FPGAs) [5]. 
JTAG can also be used to search for electrical errors on a PCB assembly with 
boundary scan. The standard also includes other features, such as boundary scan 
bypass, an instruction register, data registers that can be customized by the user 
and a test access port (TAP) which controls the testing process [4]. The boundary 
scan architecture connects to the TAP controller, which is located on the die of the 
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board, through which it communicates to enable the computer software to read 
and manipulate the on-chip logic. The computer software tools transforms what 
would otherwise have been an almost impossible task into a very well structured 
problem, which is easy to deal with and easy to understand. Having boundary 
scan built in to integrated circuits greatly reduces the growing cost for testing 
digital systems [6], [7] as well as enabling field-testing since tests require very few 
interconnect test patterns (nets with two or more nodes connected), which is 
possible even for a personal laptop to compute [7]. 
 
The results from a boundary scan test is a level of test coverage. Test coverage is a 
measurement unit used to describe how much of a PCB assembly that is accessible 
for testing, i.e. how many nets that are connected to an I/O interface which has a 
memory cell put on it and therefore can be tested by boundary scan. Test coverage 
also shows how many pins on a PCB assembly that can be tested by boundary scan. 

3.1.1  Architecture 

Boundary scan logic is implemented on IC level, see Fig 3.1. There are five pins 
dedicated to JTAG that are not to be shared with any other function but JTAG 
functions. These I/O interfaces use a simple protocol to communicate with the 
boundary scan logic on the chip. The protocol is driven by three input pins; test 
mode select (TMS), test clock (TCK) and test reset (TRST*)3 [6].  
 
TMS is the signal that decides the state of the TAP controller (described in detail in 
Fig 3.3), i.e. what the TAP controller should do. This is what controls the whole 
testing process. The signals test data in (TDI) and test data out (TDO) are serially 
shifting data in and out of the IC. TMS, TCK and TRST* are required to float high 
when boundary scan is not connected, to ensure fail-safe operation and increase 
system reliability [6]. As can be seen in Fig 3.1, TMS, TCK and TRST* are connected 
to the TAP controller on the die of the board. The TAP controller recognizes the 
communication protocol and communicates with other boundary scan logic on the 
IC. No other signals than TMS, TCK and TRST* affect the TAP controller [6], [8]. 

                                                
3 The asterisk indicates that TRST* is active in low state and will hereafter be written with 
the asterisk suffix. All signals without the asterisk suffix are active in high state. TRST* is 
optional and is therefore not present on all circuits. 
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Figure 3.1 - Simplified boundary scan structure. 
A simplified version of how boundary scan is implemented on an integrated circuit and its 
control signals. The boundary register cells are connected to the I/O ports and are 
collectively called the boundary register.  
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3.1.2  Boundary scan testing 

Performing tests with boundary scan is primarily aimed at digital logic structures, 
focusing outwards from ICs. This is because the IEEE 1149.1 standard is set up for 
testing interconnects between boundary scan devices [6]. In addition to this, the 
testing method can assist with testing mixed digital/analog signals. 
 
Like any other method for performing tests on a PCB assembly, boundary scan has 
strengths and weaknesses in regards to what it can detect. Boundary scan is well 
suited for detecting errors with solder on the PCB assembly. Solder errors can be, 
for example, when there is too much solder creating a bridge between two solder 
joints (shorts) or when too little solder has been used, leading to open pins. Pins 
may also be bent or otherwise damaged during the manufacturing process, leading 
to shorts and open circuits. If a pin driver or receiver is damaged by electrostatic 
discharge (ESD), boundary scan testing will detect this. If a device is turned the 
wrong way before placed on the board (rotated 180 degrees) this will also be 
detected by boundary scan as a chain that does not work at all [6], i.e. the input 
(TDI) and output (TDO) of the boundary scan chain have switched places. 
 
On the other hand, boundary scan is not ideal for detecting, for example, if a 
transistor far away from the boundary scan logic has been damaged by ESD. If a 
solder joint is of poor quality but still continually exists, this joint will be 
interpreted as if it was fully functional and boundary scan will not detect the 
problem. Boundary scan will most likely not detect parametric defects of 
individual components neither. A parametric defect is when a property of a 
component does not correlate with what is defined in the specification for that 
component [6].  
 
In essence, boundary scan testing assumes that perfect devices are used in an 
imperfect manufacturing process, and boundary scan is designed to find major 
manufacturing defects. This can be defects in the cards themselves, bad or rotated 
devices, bad solder joints or likewise. Boundary scan is not meant to find subtle 
problems within the ICs, unrelated to the manufacturing problems [6].  

3.1.3  Boundary scan chains 

Boundary scan ICs are designed to be connected with other boundary scan ICs and 
tested in chains. When connected in chains, the boundary scan cells have common 
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TCK, TMS and TRST* and the cells are connected by joining TDO of one cell with 
TDI of the next, see Fig 3.2. The I/Os of the circuits may be connected to each other 
or to a bed-of-nails (the latter is true in this study, as the I/Os can be connected to 
an in circuit test fixture described in section 3.3.2). If connected to a bed-of-nails, 
an external automatic test equipment (ATE) system can be used together with the 
boundary scan registers to reach a higher test coverage of the PCB assembly. ATE 
is computer controlled software used for automatic testing of electronic devices for 
their functionality [6].  
 

 
Figure 3.2 - An overlook of a boundary scan chain. 
JTAG compliant ICs can be cascade connected like the image shows, with TDO on one IC 
to TDI on the next. 

3.1.4  The on-board test access port controller 

The test access port (TAP) controller on the die of the board is what allows an 
external TAP controller (further discussed in section 3.3.5) to access and control the 
built-in test features of the product [8]. The on-board TAP controller also decides 
what to test, i.e. which of the data registers (data registers are discussed in section 
3.1.6) to put between TDI and TDO, see Fig 3.1.  
 
The TAP controller is a 16-states state machine, see Fig 3.2, which moves between 
its different states on rising edge of TCK [8], [9]. Falling edge of TCK does not cause 
state transitions but it causes other actions inside the architecture. The 16 states of 
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the TAP controller is fundamental to the IEEE standard and is therefore what all 
applications must follow [6]. All different states and what is done in each state is 
explained below.  
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Figure 3.3 - The state machine of the test access port controller. 
The state machine of the TAP controller with its 16 states and values of TMS which causes 
state transitions. 
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Test logic reset 
All test logic is reset and disconnected from the chip in this controller step, and it 
allows normal operation of the chip to occur without any hindrance. Reaching this 
step is done by holding TMS high for five consecutive cycles of TCK, regardless of 
which controller step the TAP controller currently is on. It can also be done by 
toggling TRST* which forces the controller to asynchronically enter the test logic 
reset state. This is the state in which the TAP controller must start when power is 
applied to the circuit and TRST* is not available [6], [8], [10]. 
 
Run test/idle 
How the test logic in this state operates is decided by the instructions held in the 
instructions register. If the instruction, for example, activates a self-test then the 
self-test will be run when the controller is in this state. If the instruction is, for 
example, to select a data register for scanning then the logic of the run test/idle 
state will be in idle mode [6], [8], [10].  
 
Select DR scan 
The select data register (DR) scan state is going to be exited on the next rising edge 
of TCK, meaning this is a temporary controller state. In the select DR scan state, 
either the data register path or the instruction register (IR) path can be entered, 
depending on if TMS is held high or low [6], [10]. 
 
Select IR scan 
Select IR scan is a temporary controller state which will be exited on the next rising 
edge of TCK. In select IR scan, a decision is made whether the instruction register 
path should be entered or if the TAP controller should be reset by entering the test 
logic reset state [6], [10].  
 
Capture DR 
In the capture DR state, the data from the parallel inputs of the data register will 
be loaded into the shift register. For example, if the boundary scan register is 
chosen, then the data from all these registers, i.e. the values of the I/O pins, will be 
loaded into the shift register to allow it to be shifted out on TDO on rising edge of 
TCK [6], [8], [10].  
 
Shift DR 
The shift DR state is where data from chosen data register will be shifted between 
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the input data (TDI) and the output data (TDO). After shifting there is place for 
new data to enter, and old data to be analyzed [6], [8], [10].  
 
Exit 1 DR 
The exit 1 DR state is a temporary controller state and decides if the pause DR state 
or the update DR state should be entered [6], [10]. 
 
Pause DR  
The pause DR state gives the opportunity to temporarily pause the shifting of the 
data register between TDI and TDO [6], [10]. 
 
Exit 2 DR 
Exit 2 DR is a temporary controller state and decides whether the shift DR state or 
the update DR state should be entered [6], [10].  
 
Update DR 
The update DR state can be seen as a flag, indicating that the shifting process is 
completed. From this state, either new data can be selected (in select DR scan) or 
the run test/idle state can be entered [6], [8], [10]. 
 
Capture IR, shift IR, exit IR, pause IR and update IR 
These states are the corresponding states to capture DR, shift DR, exit DR, pause 
DR and update DR, but they make operations on the instruction register (IR) 
instead of the data registers. When one of these states is entered, new instructions 
can be made and utilized to the DR [8], [10]. 

3.1.5  Instruction register 

The mode in which the boundary scan register will operate is controlled by the 
instruction register. Bits that move through the instruction register are held by the 
shift registers, i.e. the bits from the instruction register pass through the chain of 
boundary scan registers. The instruction register is sized from two cells and up, 
and the length of the register is the size of the instruction code. Hence, the size of 
the instruction register must match the size of the instruction code. In the event of 
TRST*, all bits in the instruction register will be set to their preset value [6]. 
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3.1.6  Data registers 

There is always a data register between the signals TDI and TDO, as they constitute 
the start and end of a shift register, something which is fundamental to boundary 
scan. The data register used between TDI and TDO is called the target register, and 
is decided by which boundary scan operational mode the IC is in, which in its turn 
is decided by the instructions in the instruction register. The most important data 
register is the boundary scan register [6] and this, together with other target 
registers, are described below. 
 
Bypass register 
The bypass register is mandatory in all JTAG designs, and is consequently present 
on all JTAG enabled ICs. The function of the bypass register is rather simple as it 
consists of a single scan cell [9] which is put between TDI and TDO to reduce shift 
times. This feature is useful when testing more than one boundary scan component 
on a PCB assembly, since test data can pass through the bypass register of 
unwanted or uninteresting ICs [6]. 
 
Device identification register 
The device identification register, called device ID, allows the device to be linked 
to its corresponding boundary scan description language (BSDL) file (more on 
BSDL in section 3.2.1) [11]. This register is 32-bits long and contains information 
about component identification [6]. This register confirms that the correct 
component has been used on the PCB assembly, which is very important to ensure 
reliable functionality. 
 
User-defined registers 
The user-defined register allows users to implement their own self-constructed 
tests. When using these registers, a consistent shift path between TDI and TDO is 
crucial so that the chain is not broken when a user-defined register is selected [6]. 
 
Boundary scan register 
The boundary scan register is the most important data register and is a mandatory 
feature for all JTAG designs according to the IEEE 1149.1 standard, like the bypass 
register. The cells of the boundary scan register are placed adjacent to the I/Os, as 
marked in Fig 3.1 on page 14. The cells are not connected to the TAP controller’s 
I/O interfaces since these are on the die of the board. The feature of these cells being 
connected to the I/Os of the IC is essential when testing the I/Os since it allows the 
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tester to both read and set the values of the I/O interfaces.  
 
The boundary scan register cell consists of an output cell and an input cell, which 
enables it to read and set the I/O pins. The test cell is therefore able to capture the 
state of a certain I/O interface regardless of how the driver is attempting to set it. 
This allows test software tools to detect when the input cell observes something 
that the output cell is not programmed to drive, i.e. something that the input cell 
is not expecting. The test software tool uses this to detect damage or possible 
attempts to drive into a short. The IEEE standard is firm in requiring that data on 
the, for example, input to a boundary scan register cell is the same as the data that 
entered the I/O interface of the IC.  
 
The boundary scan register on field-programmable ICs, for example FPGAs, may 
include cells which do nothing. This is because the I/O interfaces on these ICs are 
programmable, so boundary scan registers are allocated to all I/Os. These 
boundary scan registers may contain an input cell, an output cell and an output 
enable cell, depending on the design. If, for example, one I/O interface on the field-
programmable IC is configured as a simple input, only the input cell is used and 
the other two are just place-holders called internal cells [6]. 

3.2  Software 
To develop and evaluate the three methods of testing, which this thesis has used 
and evaluated, the CASCON Galaxy software from Goepel and hardware 
descriptive files of the PCB assemblies are needed. In this simulation, there is the 
possibility to receive information about what level of test coverage that can be 
achieved, and how test coverage differs between the different test methods. This 
simulation is what is later referred to as virtual tests. 
 
To start the boundary scan test, and develop the virtual unit under test (UUT), the 
following inputs are usually required [12]: 
 

1. Net list file or a computer aided design (CAD) file of the PCB assembly, which 
describes how everything is connected and placed on the PCB. 

2. Bill of materials (BOM), which is a list of all components used on the PCB 
assembly. This is sometimes not required, as it might be enough with the net 
list and/or CAD file. 
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3. Boundary scan description language (BSDL) file for the boundary scan de-
vices (described more in depth in section 3.2.1) 

4. Model of the devices that are not compatible with JTAG. This is, in this study, 
provided by the JTAG software from Goepel. 

 
These inputs, which are required to start the boundary scan tests, are further 
discussed in separate sections under.  

3.2.1  Boundary scan description language  

A boundary scan description language (BSDL) file is normally provided by the 
manufacturer of the IC and is required when performing boundary scan testing, 
as a part of the IEEE standard. It uses a language that the computer software 
understands. The language is based on an older language called VHDL (VHSIC 
(very high speed integrated circuit) hardware description language).  
 
The BSDL file has a variety of functions. One of them is to enable the processor to 
enter JTAG mode. Once in JTAG mode it is possible to start a boundary scan test. 
To put the processor in JTAG mode, a few I/O interfaces of the processor needs to 
be set in a specific way, which is called compliance pattern. This is to ensure that 
the processor will not accidentally enter JTAG mode when it is used normally in 
the MPC unit. The compliance pattern is described in the BSDL file and the system 
checking the compliance pattern is called a compliance checker, which decides if 
the processor is boundary scan compliant or not [3].  
 
The BSDL file also describes how JTAG is implemented in different ICs, for 
example a microprocessor, and pin mapping (i.e. how all the I/O interfaces are 
placed and configured on the circuit board). Even though the BSDL file is usually 
created by the manufacturer of the IC, it is sometimes necessary to change certain 
parts to make the code suit the needs of specific projects [5], [13].  

3.3  Hardware 
The three methods of testing can be executed using hardware to physically connect 
testing equipment to the PCB assembly, in addition to only virtual testing. This 
enables actual testing to be performed on faulty PCB assemblies to find where an 
error is located. To connect everything, together and to the computer, and to allow 
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tests on the PCB assemblies to be performed and analyzed there is a need for 
specific hardware equipment. The main hardware equipment used in this study is; 
a MPC unit to perform tests on, an in circuit test fixture, a motherboard, two CION 
measurement cards and an external TAP controller. All of these are further 
discussed in separate sections under. 

3.3.1  Multi-purpose camera unit 

All four multi-purpose camera (MPC) units feature a number of test points on the 
surface of the board, which allows for testing the circuits and components on the 
PCB assembly. On the MPC units, Autoliv has used between one and three 
different processors, depending on the unit, which all are JTAG compatible. These 
processors will need to be set in JTAG mode, to enable testing of the processors 
and its I/O interfaces. For this, I/O interfaces from the parallel interface ports (PIPs) 
on the external TAP controller (discussed in section 3.3.5) will be connected to the 
correct I/O interface on the CION board, which is connected to the correct I/O 
interface on the processor. This I/O interface will then be either held high or low 
as described in the BSDL file. 

3.3.2  In circuit test fixture 

In circuit test (ICT) is a method for testing pre-chosen points on a PCB assembly. 
The ICT fixture used in this study consist of two main parts, a bottom and a top 
part. The bottom part is further divided into two parts, a lower and an upper. The 
purpose of the lower bottom part is to give access to test pins on the ICT fixture. 
These test pins are matching the placement of the test points on each multi-purpose 
camera (MPC) unit, which is the unit under test (UUT). The test points on the MPC 
units allow for external testing of the circuitry of the PCB assembly, whereas the 
test points are physical points on the surface of the board, which are connected to 
nodes inside the circuitry of the PCB assembly. Each MPC unit has a different 
number of test points, and every unit has its own dedicated place (marked with 
white lines) on the bottom part on the ICT fixture. Under every dedicated place on 
the fixture where a MPC unit can be placed, there are several different conducting 
test pins, which connect to the 0.9 millimeter in diameter test points on the units.  
 
The motherboard is placed under the ICT fixture and is connected to all the test 
points via double-ended spring loaded test pins. The test pins are the connections 
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between the motherboard and the UUT. Since the test pins on the ICT fixture are 
placed in the same location as the test points on the MPC units, they will be 
connected when the fixture is closed, see Fig 3.4.  
 

 
Figure 3.4 - Closed in circuit test fixture (model). 
A simplified image of how a closed ICT fixture looks. The test pins connect to the test points 
when the lid is closed. 
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Figure 3.5 - Closed in circuit test fixture. 
Picture of how the ICT fixture looks when it is closed.  
 
The purpose of the upper bottom part of the ICT fixture is to protect the test pins. 
To achieve this, the ICT fixture has a spring loaded top protecting plate. Springs 
are also connected close to the test pins. With the help of these springs, the platform 
conceals the test pins when the ICT fixture is open and the test pins are not in use, 
see Fig 3.6, which protects them against damage. 
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Figure 3.6 - Open in circuit test fixture (model). 
A simplified image of how an open ICT fixture looks. The test pins are protected by the non-
conducting platform when the lid is open and they are not connected to the test points.  
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Figure 3.7 - Open in circuit test fixture. 
A picture of how the ICT fixture looks when it is open. Some of the pins seen in the picture 
are used to hold the UUT in place and some are pressing down the black non-conducting 
plate, revealing the test pins. 
 
The top part of the ICT fixture consists of a non-conducting lid with a transparent 
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and ESD safe cover, so that the tester can see the UUT. The lid also has two different 
types of plastic pins connected to its cover. These two kinds of pins have different 
functions. The first kind of pins are to keep the UUT in place, and to ensure that 
no UUT can be placed where it is not supposed to be. The other pins are used to 
keep the non-conducting platform pushed down, to reveal the test pins. These 
plastic pins will only connect to the ICT fixture when the lid is closed.  
 
The lid closes in two different stages. In its first stage, the lid will descend in an 
angle and it will keep going down in the same way until the lid has approximately 
ten centimeters left until closing. At this point, the lid will start to close vertically, 
in a parallel movement. The reason for this function is if the lid where to close in 
an angle all the way down, there would be an increased risk of bending test pins.  

3.3.3  Motherboard 

The motherboard is placed under the ICT fixture, and connected to the test points 
on the MPC units via the test pins. The motherboard is used to gather all signals 
from the test pins and join them in connectors, see Fig 3.8, which can be connected 
via a cable to a CION card (discussed in section 3.3.4) and the TAP controller 
(discussed in section 3.3.5). The motherboard is also connected to an external 
power supply, enabling it to supply the UUT with power. 
 
The motherboard is split up into three different sections, one for each processor. 
All the test pins on the ICT fixture are then sorted, depending on the voltage level 
that each corresponding test point has, and connected to a parallel connector with 
the correct voltage level on one of the two CION cards.  
 
The motherboard itself can be seen as a large connector, or interface board, which 
is connecting the test points between the ICT fixture and the CION card and TAP 
controller. 
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Figure 3.8 - Motherboard. 
The picture shows the motherboard with all connectors. On the other side of the 
motherboard is where all test pins from the ICT fixture connect to the test points. 

3.3.4  CION measurement card 

The CION card has 192 I/O channels, divided among six different connectors with 
50 channels each, see Fig 3.9, which can be connected to the motherboard. 32 of 
these channels can be used as I/Os, the other 18 are connected to ground. The 
function of the CION card is to collect all test signals from the motherboard and 
connect these to the external TAP controller. All I/O interfaces on the CION cards 
are boundary scan enabled because they are connected to boundary scan 
compliable processors, located on the CION cards. In this study, two CION cards 
are used because using only one would not be sufficient to connect all signals from 
the motherboard.  
 
The CION cards are designed to be connected in series to enable the user to connect 
more signals while still only using one port for communication on the TAP 
controller. Both CION cards are designed by Goepel, and the card works very well 
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for boundary scan testing with the ICT fixture mentioned in section 3.3.2.  
 

 
Figure 3.9 - CION measurement card. 
The CION card with all its connectors. 

3.3.5  The external test access port controller 

The external test access port (TAP) controller is designed by Goepel and called 
Goepel SCANFLEX, see Fig 3.10.. This TAP controller is used to generate all signals 
needed to connect to the on-board TAP controller, which controls the boundary 
scan testing of the IC. It features four ten-pin TAPs, where five pins are connected 
to ground, and four 12-pin parallel interface ports (PIPs), out of which four are 
connected to ground. It collects all test signals from the CION card, i.e. the values 
of all test points on the UUT, via its TAPs. This is transferred to the computer and 
analyzed by the software tools to find possible errors on the PCB assembly. 
 
The PIPs can be used to set specific I/O interfaces on the UUT. In this project, these 
ports will be used to set the compliance pins of the different processors, as 
mentioned in section 3.2.1. 
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Figure 3.10 - The external test access port controller. 
The external TAP controller is used to communicate with the on-board TAP controller via 
the TAP connectors. The parallel interface ports (PIP) are used to set the compliance pins. 

3.4  Summary 
Boundary scan is the IEEE 1149.1 – 1990 standard, also known as JTAG. It enables 
testing to be performed on a PCB assembly using only four, or optionally five, pins 
by utilizing boundary scan cells placed on to the I/O interfaces of an IC. These cells 
can then read and set the pins of the circuit, and therefore test if the value of an I/O 
interface is the same as expected. Through these tests, malfunctions like shorts, 
open pins or if a component is rotated 180 degrees, can be detected. It is not 
possible to detect if a component deep inside the device has been damaged by ESD 
or if a component has parametric defects. 
 
A boundary scan test needs the on-board TAP controller to connect to an external 
TAP controller to manage its tests and to transfer test data between the PCB 
assembly and a computer to be analyzed by software tools. The PCB assembly to 
be analyzed can be placed in an ICT fixture that connects to test points on the PCB 
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in order to increase test coverage. In this study, a virtual test, using only software 
tools and various hardware describing files, have been performed and a physical 
test, which added hardware in addition to the software tools used in the virtual 
test, has been prepared. In the physical test, a separate motherboard connected  
to a CION measurement card is used to gather information from all test  
points from the UUT and transfer that information to the computer via the external 
TAP controller.  
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4  
Method 

 
 
 
This chapter describes how to set up the software tools for testing, including the 
import of hardware describing files, how to define components and set up different 
tests. Everything needed for virtual tests to be performed on models of the PCB 
assemblies is explained in detail. This chapter also describes how everything is 
connected in the software tool. 

4.1  Implementation 
Before it is possible to preform virtual tests on the PCB assemblies, the software 
tools need to be set up, and the files described in section 3.2 need to be added.  

4.1.1  Start up 

The software tool used in this project is Goepel’s CASCON Galaxy, which is a 
program made for boundary scan tests. Before the actual work in this program can 
start, a key in the form of a USB stick has to be connected to the computer, which 
contains the licenses to run the software. This is to ensure that the operator is 
allowed to perform tests, and to load all licenses needed to run the tests. When the 
USB key is connected, the program can start. The next step is to load all files 
necessary into the program. In this project, net list files and the schematic were 
uploaded. Since there are four PCB assemblies to be tested, the procedure of 
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creating a project had to be repeated four times. In addition to this, when the  
CION card is added and connected to the PCB assemblies, four new projects had 
to be created. 

4.1.2  Defining components 

When the setup is complete, the next step is to define the components that are used 
on the PCB assembly. Some of the components are defined automatically by the 
software tool, which saves the operator a lot of time, since there can be up to several 
thousand components on the PCB assemblies all together. The software tool can be 
programmed so it automatically, for example, sets all components with names 
starting with the letter ‘R’ as resistors. The same feature applies to transistors and 
capacitors, ‘Q’ and ‘C’ respectively, et cetera. The software tool will also find 
components that have a name it can recognize and match with a predefined 
component in its data base. An example is if there is a random access memory 
(RAM) on the PCB assembly which already exists in the CASCON Galaxy library, 
the software tool will recognize it and define it as such. 
 
If the software tool does not recognize the component, and if the component is 
boundary scan compliant (often microprocessors), defining it can be done by 
uploading the BSDL file for that specific component inside the tool. Since the PCB 
assembly which is going to be tested has between one and three different 
processors, all these different BSDL files need to be loaded into the tool. When 
these BSDL files are loaded into the tool, the software will recognize the 
component and know how to use it. 
 
There were some components on the PCB assemblies that the software tool could 
not recognize, and the components were not boundary scan compliant so they did 
not have any BSDL files. On every PCB assembly there was, on average, 
approximately 40 components which could not be recognized. To find these 
components, the easiest way was to locate the component in the schematic of the 
PCB assembly and figure out what the function of the component was, and then 
try to find a data sheet for this component online. In the data sheet, the component 
was often given another name (used by the manufacturer) and with this name it 
was sometimes possible to locate the component in the library of CASCON Galaxy. 
Another way to find the correct component is to search for its function. For 
example, if the component is a dual supply translating transceiver then that would 
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be the keyword when searching for the component, as shown in Appendix A. This 
could then be combined with searching for the number of pins on the component, 
to limit the search results. This method was found to be the easiest and most 
successful on many components.  
 
A problem when finding components in the library is they are often not exactly the 
same as the ones used on the PCB assembly. Therefore, for some components it 
was necessary to define new ones. This could be done in two different ways. The 
first way was to make a new one from scratch. This was found to be complex and 
quite difficult, since it requires a deeper understanding of exactly how a specific 
component works. Since this was not the main objective in this thesis, time was not 
spent on creating new models for components. If this is needed, Goepel provides 
a service where they can define new components to be used in specific projects, 
although this service was not used in this project.  
 
The other way to define a product, which was not in the software tool’s library, 
was to find a similar one, and then modify it so it would fit the component on the 
PCB assembly. This way was found to be a lot easier and more convenient than it 
would have been to create a new component from scratch. It is done by finding a 
component which is as similar as possible to the one on the PCB assembly. After 
this, the difference of the components has to be found and many times there was a 
pin connected to ground missing, or some I/O interfaces that were not in the same 
order as they were on the component on the PCB assembly. How to do this is 
shown in Appendix B. How to modify a component and add an extra I/O interface 
to ground is shown in Appendix C. 

4.1.3  Merging boards 

The motherboard needs to be connected to the CION card in order to execute tests 
method three in the ICT fixture. The connections are made in the CASCON Galaxy 
software. To do this there are some things that the software needs to know. First, 
there has to be documents regarding how the CION card’s I/O interfaces are 
positioned. This can be found in the data sheet of the CION card. When this is 
known, it is possible to start the pin mapping, and since there is a limited amount 
of I/O interfaces on the CION card, some test points need to be drawn to the same 
I/O pin. This can only be done if it is guaranteed that these I/O interfaces will 
always have the same value. In this project, it was first decided that the test points 
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for all MPC boards should be placed on as few connectors as possible on the CION 
card to optimize the use of space. It was later decided that this should not be done, 
since it was not possible to fit all signals from the test points on the MPC units on 
one CION card. It was instead decided to use two CION cards, where three 
connectors should be used for the SMPC 22 and the SMPC 16, and two connectors 
for MPC high and MPC entry. In addition, one 50 pin connector was shared by all 
MPC boards and used for differential signals. In total, eleven connectors were used 
and one was unused on the two CION cards. In each connector there are 50 pins, 
out of which 32 can be used as I/O interfaces, which results in a total of 352 possible 
I/O interfaces to use. A few of these are not connected, but using a total of eleven 
connectors were sufficient for all signals from the test points on the MPC units to 
be connected. 
 
After it was decided how the connections should be made, the actual mapping 
inside CASCON Galaxy could start. To do this, a new project had to be created for 
each of the MPC units. In this project, two files where uploaded for each unit. For 
MPC high, for example, the schematic for MPC high was uploaded, and a data 
interchange format (.dif) file. This .dif file had been automatically generated from 
the previous project for virtual tests on the MPC high unit without the CION card. 
A .dif file for the CION card was also uploaded, which was provided by Goepel. 
The actual pin mapping was based on a document provided by Autoliv in 
Romania, the same team which made the motherboard. In CASCON Galaxy, the 
pin mapping is done by first selecting which I/O interface on the CION card 
(marked with blue in Fig 4.1) that the test point on the MPC unit (marked with red 
in Fig 4.1) should be connected to. 
 

 
Figure 4.1 - Pin mapping. 
Screen shot from CASCON Galaxy showing how to match a pin on the CION card with a 
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test point on the UUT. 
 
What this does is the CASCON Galaxy software draws a virtual cable between the 
motherboard and the CION card, which in essence means that the program draws 
a virtual cable to a test point on a MPC unit. 
 
Since there are too many test points corresponding to I/O interfaces on one CION 
card, two CION cards were used, as previously mentioned. These two cards were 
serially connected. The CION cards has one TAP input and one TAP output 
connector, and these connectors can be used to connect the CION cards together 
to keep the boundary scan chain intact. This also has to be described in the pin 
mapping of the CASCON Galaxy software for virtual cables to be drawn. 

4.2  Virtual tests 
There are a few types of tests which can be performed using the software tools, 
and the ones that were used in this thesis are: 
 
• Interconnection: Checks the connections between boundary scan devices 

and devices directly wired to them. This also tests connections through trans-
parent devices, such as serial resistors.  
 

• Infrastructure: Tests the boundary scan chain and test bus connections, reg-
ister lengths and capture values for, for example, device ID, bypass and in-
struction register. 
 

• RAM: Tests the connections between boundary scan ICs and the RAM IC. 
 

• Flash: The testing software attempts to write and read a bit pattern to and 
from the flash memory, to test whether the flash is functional or not. 

 
Constructing the tests are relatively straightforward. The preferred tests are chosen 
from the test section in the program. How to do this is shown in Appendix D. 
 
When all tests are created, there is a possibility to add them all to a so called test 
batch, which performs all tests together, one after another. From this test batch, the 
software tool calculates how much of the board which is accessible for tests, and 
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from this it computes the test coverage. The test coverage is presented in pie charts 
in the software tool, showing which percentage of the nets that were tested, 
touched4 and not tested. From these pie charts it is easy to get an understanding of 
how much of the PCB assembly that can be tested by boundary scan. Further 
information regarding the test results can also be retrieved as, for example, how 
many of the boundary scan nets that were actually tested and how many of the 
pins on the PCB assembly that are boundary scan compliant. 

4.2.1  Different testing methods   

The different testing methods all run the four tests mentioned above, but in three 
different ways. First, with one processor at the time, disabling the other processor 
or processors. Second, with all processors connected at the same time. The third 
test is with all processors operating at the same time as the CION cards are 
connected to the test points on the UUT. The CION card is effectively acting as an 
additional boundary scan compliant processor enabling boundary scan to test nets 
connected to the test points. All processors on the MPC units are JTAG compliant, 
and this is the reason why it is possible to construct all these tests.  
  
The first test is done, as mentioned above, with only one processor. The reason for 
this test is to evaluate how high test coverage could be achieved by having only 
one processor connected at the time, compared to all processors connected at the 
same time. This is done in CASCON Galaxy by setting the processor that was not 
going to be used as “not mounted”, meaning that the processor is not in use at  
the moment.  
 
The next test is connecting all processors at the same time. When this test is done, 
it is possible to compare the test results of all processors connected at the same 
time to the results of them individually connected. Here, it is interesting to see if 
this would generate a higher test coverage than by having one processor connected 
at the time, and then add the individual results for each processor together. For 
example, if there are two processors, and each one of them generate 20% test 
coverage when tested individually, would it be possible to achieve test coverage 
higher than 40% by testing both processors at the same time? 

                                                
4 Touched nets are nets that can be measured, but not set, by boundary scan. Nets marked 
as tested can be both measured and set. 
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The third, and last, method of testing is performed by connecting all the processors 
at the same time in conjunction with the CION card also being connected. This 
should result in the highest test coverage, since it is now possible to access all test 
points on the MPC unit under test, combined with all the processors on that unit. 
Testing with all processors and the CION card should result in more testable nets, 
because more nets are connected to boundary scan enabled I/O interfaces. 
 
These tests were done for all four MPC boards to make sure that the results would 
not be coincidental. Of course, this does not guarantee that the test results are 
correct, but performing the tests four times on boards that are relatively similar 
increases the possibility that the test results are correct, as long as the results of 
these different tests are consistent.  

4.3  Preparations for the physical test 
In order to construct the motherboard, a document was prepared in cooperation 
with Autoliv in Romania, containing the voltage levels of all different test points 
accessible on the PCB assemblies of the multi-purpose cameras. It was done by 
locating every test point in the schematic of the PCB assembly, and find the voltage 
level of the net they were connected to. This was crucial in the design of the 
motherboard since it decides where and how all test points should be connected 
on the motherboard.  
 
As mentioned in research limitations, the results from the physical test will not be 
included in this thesis because focus was shifted towards developing and 
evaluating the virtual tests. Preparations for the physical tests has been made in 
this study, and since it is very tightly connected to the virtual tests it is therefore 
relevant for this thesis. 

4.3.1  FPGA settings 

To get the highest possible test coverage on the FPGA, the FPGAs I/O ports had to 
be set in the same way as the BSDL file expects them to. The standard BSDL file 
from the manufacturer will set all the I/O ports as an unconfigured FPGA, which 
can cause problems if the FPGA is loaded with any software. The problem is  
when starting an FPGA it will go into configuration mode. In configuration  
mode it often reads software from a flash drive, another microcontroller or a 
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computer. This means that the I/O ports will probably be set differently compared 
to an unconfigured FPGA, which will result in a lower test coverage than what  
is possible.  
 
As mentioned before, this thesis focuses on achieving the highest possible test 
coverage using boundary scan. Hence, the problem mentioned above needed to be 
solved. It was concluded that there were two different ways to handle this 
problem. The first way was to modify the BSDL file to match the configured FPGA, 
however this was not advised since the BSDL file is created by the manufacturer 
of the microprocessor and altering the BSDL file might do more harm than good. 
Therefore, it was instead decided to set the FPGA to the pre-configured state, i.e. 
the state the FPGA is in before any software is loaded or the FPGA gets configured, 
since it would result in the highest possible test coverage. 
 
To enter this unconfigured mode, the easiest way is to look in the BSDL file for the 
“compliance pattern”. As mentioned in section 3.2, this is how a processor or a 
FPGA enters JTAG mode, and when in JTAG mode with the FPGA used in this 
project, the processor will behave as if it would be unconfigured. 

4.3.2  Watchdog 

Every processor on the PCB assemblies tested in this project has a watchdog 
feature. A watchdog is a feature which sends an error signal to the processor if the 
watchdog does not receive a signal between every, in this case, interval of ten 
milliseconds (ms) – 200 ms. Equation 4.1 shows how the frequency span can be 
calculated.  

1
𝑡#$%&'(	(𝑠)

= 𝑓/&0123	 𝐻𝑧  

 
Equation 4.1 - Converting the period of a signal (measured in seconds, s) to a frequency 
(measured in Hertz, Hz). 
 

1
200	×	109: 	< 𝑓2<<$#=$(	 < 	

1
10	×	109: 

 
5	𝐻𝑧	 < 𝑓2<<$#=$(	 < 	100	𝐻𝑧 

 
Calculation for frequency range accepted by the watchdog using equation 4.1 above. 
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According to this, any frequency between five and 100 Hz is acceptable. The 
watchdog can be a problem when initializing the test, but also when the actual 
boundary scan test is running since it is preferred to keep the FPGA unconfigured 
when running the test to increase test coverage. Therefore, it is necessary to 
provide an external, or fake, watchdog signal. The easiest way to achieve this is to 
connect some kind of signal generator to the test point on the PCB corresponding 
with the input to the watchdog, and send a signal to it, effectively mimicking the 
watchdog signal and keeping the microprocessors alive during the test. A signal 
generator is both big and expensive, therefore another way to generate this signal 
is necessary to find. The test method should also be kept as simple as possible. Any 
extra equipment will make it more complicated to run the boundary scan test, since 
it will be more steps to complete before starting the actual test.  
 
As previously mentioned it was decided to use two CION cards instead of one. 
Since the I/Os of the CION card can generate a signal with a predefined frequency 
there is a possibility to connect this signal form the CION card to the watchdog 
directly. The watchdog requires a signal with the amplitude of 3.3 Volts (V), and 
the CION card is able to generate an output of maximum 3.6 V, which is enough 
to mimic the watchdog signal.  

4.4  Summary 
The virtual tests are done in a program called CASCON Galaxy, which is made by 
Goepel. The program is made for both virtual and physical boundary scan testing, 
by the help of additional hardware connected to the computer and integrated in 
the software tool. 
 
Before performing any tests at all, several things need to be set up in  
CASCON Galaxy, including creating a project, defining components, merging 
boards and constructing the tests to be executed. When all this is done, the tester 
can start to perform the three different methods of testing on the MPC boards. The 
methods of testing are: 
 

1. Tests with one processor at the time 
2. Tests with all processors together 
3. Tests with all processors together and in conjunction with the CION card 

connected to the test points of the UUT 
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These methods are the ones chosen in this thesis, and the prediction is the third 
method will yield the highest test coverage on all MPC units, since it combines 
method one and two, while also enabling boundary scan testing of all test points 
on the MPC units. 
 
When performing the physical tests on the actual MPC boards, there are some 
configurations that need to be made to the processors. The configurations include 
setting them in JTAG mode and to disable the watchdog in order for the system to 
work correctly. 
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5  
Results 

 
 
 
The results of this study will show which level of test coverage that was reached 
using the three different methods of testing. This chapter also covers how many 
nets that were accessible for testing and how many nets that were tested. 
Furthermore, the preparations for the physical tests have generated a schematic 
presented here. 

5.1  Virtual tests 
The results of the implementation are the test batches and the virtual test coverage 
of all MPC units, using the different methods of testing. Test coverage shows how 
much of a PCB assembly that is accessible for testing, as described in section 3.1. 
In the test batches are all the tests combined and performed one after another to 
enable as much as possible of the PCB assembly to be tested. A net is defined as a 
wire which has one or more starting points and one or more end points. When 
some part of a net is connected to a boundary scan enabled I/O, the whole net is 
testable and called a boundary scan net. The nets on the PCB are then marked as 
either tested, touched, or not tested.  
 
After running the test batches in CASCON Galaxy, the results are presented in pie 
charts. The percentage in the pie charts in Fig 5.1 under is the sum of both tested 
and touched nets. The values of the graph are shown in table 5.1 and table 5.2. 
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Figure 5.1 - Test coverage results from test methods two and three. 
Graph of test results from nets when running tests with all processors. Light green 
indicates tested nets, dark green indicates touched nets and red indicates untested nets. 
 
Out of all the boundary scan nets available on the board, it was possible to 
successfully test around 94% of these nets on every MPC unit individually. This 
means that almost everything out of what was possible to test could be tested. The 
boundary scan nets not tested were either connected to ground, power supply or 
not connected at all. 
 
Table 5.1, shown below, presents the levels of test coverage reached with only one 
processor at the time. The values are from running all four tests mentioned in 
chapter 4, method, to get the highest possible test coverage, as the results from each 
individual test is added together. Some MPC units did not have all components 
necessary to execute certain tests. Because of this, some tests could not be 
performed on these units. 
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Table 5.1 - Test coverage results from test method one. 
 Test method 1: 

One processor at the time 

 Processor: 
iMX6 

Processor: 
MCU 

Processor: 
ZYNQ 

SMPC 22 34% 14% 25% 

SMPC 16 34% 14% 26% 

MPC high 47% 19% N.P. 

MPC entry N.P. 52% N.P. 
Test coverage shown in percent for test method one. Numbers are rounded to closest integer. 
N.P. indicates that the processor is not present on the PCB assembly. 
 
Table 5.2, shown below, presents the levels of test coverage reached with all 
processors at the same time, both with and without the CION card connected to 
all test points. Again, the values are from running all of the four tests, or as many 
as possible.  
 

Table 5.2 - Test coverage results from test methods two and three. 
 Test method 2:  

All processors 
Test method 3:  

All processors, plus CION card 

SMPC 22 67% 73% 

SMPC 16 69% 74% 

MPC high 66% 72% 

MPC entry 52% 65% 
Test coverage shown in percent for test methods two and three. Numbers are rounded to 
closest integer. 
 
CASCON Galaxy also generated pin coverage, which allows the tester to see how 
many I/O interfaces that were tested. Observe that this is not the actual test 
coverage of the nets, just how many I/O interfaces that could be reached by 
boundary scan and tested. This is not directly connected with the test coverage of 
the nets, and will therefore not be displayed in this thesis.  
 
Since this thesis partly focuses on making testing of the PCB assemblies faster, it 
was important that the tests could be executed quickly. The time for running a test 
was similar on all of the MPC units and they all finished in under one second, 
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which is considered very fast compared to other methods, for example, switching 
components to see if a component is faulty. 
 
The test which generates the highest test coverage on its own is the interconnection 
test, which is expected since it covers the most nets and I/O interfaces on the board. 
The interconnection test resulted in around 45 % added test coverage in general 
when performing tests with all processors connected at the same time. 
 
The results show that the iMX6 processor is generating the highest test coverage 
by itself out of all the processors. This is consistent for all MPC units, except on 
MPC entry where the MCU processor is the only one present. It was also possible 
to see that some of the nets tested were only partially tested with either a high or a 
low signal, not both, when using testing method one. When testing with all 
processors at the same time, the vast majority of tested nets went from partially 
tested to fully tested, i.e. tested with both a high and a low signal. So even though 
the combined test coverage from all processors individually is higher than when 
they are all tested together, the testing quality increases significantly. 
 
Table 5.3 below presents how many nets that were accessible for testing with and 
without the CION cards. It can be seen that with the CION cards connected to the 
test points, it was possible to test more nets on the board, which is the reason to 
the increased test coverage seen in table 5.1. 
 

Table 5.3 - Tested nets 
	 SMPC 

22 
SMPC 

22  
+CION 

SMPC 
16 

SMPC 
16 

+CION 

MPC 
High 

MPC 
High 

+CION 

MPC 
Entry 

MPC 
Entry 

+CION 
Nets in 
total  

1008 1008 1006 1006 743 743 298 298 

Tested 
Nets 

650 713 661 724 464 519 139 181 

Touched 
Nets 

21 24 29 13 27 18 16 12 

The number of nets that the MPC units have in total and how many that were tested. 
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5.2  Preparations for physical tests 
The preparations for the physical tests have resulted in a schematic which shows 
how everything should be connected, see Fig 5.2.  
 

 
Figure 5.2 - Connecting the signals. 
Schematic of how all hardware is connected.  
 
As can be seen in Fig 5.2, the ICT fixture is where the MPC is placed to be tested. 
The ICT fixture is then, as mentioned earlier, connected to the motherboard via 
spring loaded, double-ended test pins. On the motherboard, there are several 
connectors, and all test points on the UUT are represented by one pin in one of 
these connectors. From the connectors on the motherboard, a cable is connected to 
the CION card. Since all I/O interfaces in the connectors on the CION card 
represents an I/O interface on one of its boundary scan compliant processors, all 
I/Os can be controlled by the testing software. The CION cards are also connected 
serially between each other to integrate both cards in the boundary scan chain. 
 
The CION card is controlled by the external TAP controller. The TAP controller 
controls both the boundary scan chains and compliant processors via its TAPs and 
the compliance pins of the processors on the MPC units via its PIPs. Since the one, 
two or three boundary scan compliant processors are all located on the MPC units, 
three TAPs (one for each processor) and two PIPs are connected to the 
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motherboard to control the boundary scan and compliance patterns of the 
processors. The last TAP channel is used to control the boundary scan chain on the 
CION card.  

5.3  Summary 
The results were as expected, with test method three resulting in the highest test 
coverage. The iMX6 processor had the highest test coverage of all individual 
processors, as could be seen in test method one. The highest overall test coverage 
was achieved by SMPC 16 when using all the processors, together with the CION 
card connected to the test points. Overall, the highest test coverage was between 
65 % and 75 % on the different MPC units. 
 
The results of the preparations for how to implement the hardware, to be able to 
perform physical tests, is a schematic which shows how everything should be 
connected. Essentially, the MPC is in the ICT fixture, which is connected to the 
motherboard. The motherboard is then joining all test points and connecting them 
to the two CION cards. The motherboard is also connected to the TAP controller 
for controlling the boundary scan tests using the processors on the MPC units. 
Finally, the TAP controller is also connected to the CION cards to control the 
boundary scan tests of the test points.  
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6  
Discussion 

 
 
 
The results of the project are evaluated and discussed in this chapter. In addition 
to this, the chosen method is discussed and evaluated to see if anything should 
have been done differently. How test coverage can be improved is also looked at 
in this chapter. The work will also be discussed from an ethical and societal 
perspective and the sources used in this thesis will be criticized.  

6.1  Results 
As shown in the chapter 5, results, it can be seen that the highest test coverage is 
achieved on the MPCs which have the most boundary scan compliant processors 
on them. This is understandable, since they have a greater chance to cover larger 
parts of the PCB assembly on the interconnection test than the ones with fewer 
processors. Although, it does not vary significantly since the MPCs which have 
fewer processors also have fewer components, which means that their PCB 
assemblies also have fewer nets. It can be seen that the iMX6 is the processor that 
generates the greatest test coverage. This is because the iMX6 is the processor with 
most nets connected to its boundary scan enabled I/Os. 
 
The greatest test coverage is achieved when, as predicted, all the processors are 
connected to the board at the same time, in conjunction with the CION board 
connected to all test points. This is because this has the highest chance of accessing 
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as many nets as possible with I/O interfaces which have boundary scan cells.  
 
The highest test coverage achieved in all tests was approximately three quarters of 
the board. Even though this can be considered a bit low, this is due to that the 
CASCON Galaxy software tool does not differentiate between large and small nets, 
and it even automatically defines unconnected I/O interfaces as nets. Therefore, 
after evaluating the results with a technology specialist from EP-TeQ, it was 
concluded that the test coverage reached in this thesis was satisfactory. If higher 
test coverage was to be achieved, one has to manually define every pin as tested or 
not tested respectively, and in that way filter the results. This was not 
recommended, according to the same technology specialist, since even though it 
looks better, the results could be misleading and incorrect because pins are very 
easily defined incorrectly.  
 
All PCB assemblies show similar test coverage, except for MPC entry. This is 
because this is the smallest PCB assembly and it only has one processor, which also 
is the reason why it has a much lower test coverage without the CION card. This 
is additionally the reason why the CION card has a greater impact on the test 
coverage on MPC entry than on the other MPC units. In addition to this, MPC entry 
also has fewer test points due to less processors and less circuitry. Even though the 
CION card has a greater impact on this unit, fewer test points are the reason why 
it does not reach the same level of test coverage, even with the CION card 
connected, as the other PCB assemblies.  
 
Boundary scan is made for testing interconnections, which are very difficult to test 
in traditional ways. Even though the test results may seem somewhat low, around 
70 % of the nets on the board are still possible to test. This is something which is 
very difficult to test using other methods without damaging the board, for 
example, swapping components or scraping away layers of the PCB in order to 
reach wires on lower layers to perform measurements on. The remainder of the 
PCB assembly will have to be tested using methods like these however, but having 
three quarters of the unit already tested by boundary scan will help engineers to 
locate the error on the faulty PCB assembly quicker.  
 
Another reason why reaching a test coverage of around 70 % is satisfactory is that 
only between 21 % and 25 %, depending on the MPC unit, of the I/O interfaces are 
boundary scan enabled. This means that three quarters of the PCB assembly is 
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tested using only one quarter of its pins.  
 
Something worth mentioning is the results shows that when having one processor 
connected at the time, and adding the results of all individual processors together, 
yields a higher test coverage than what is actually achieved with all processors 
connected at once. This is because some of the processors are sharing nets that their 
boundary scan enabled I/Os are connected to, and even though the result is not as 
high as the sum of all individual processors added together, the actual testing gets 
more thorough. 

6.2  Method 
The first few weeks of this project were dedicated to literature studies in boundary 
scan, as a stable and sufficient basis of knowledge is important. During these 
weeks, the major points and interesting details of boundary scan were studied, and 
chapter 3, theory, was created from the part of the theory needed to perform the 
method described in chapter 4.  
 
The most important flaws with the chosen method was that the hardware 
descriptive files were not correct from the start. To find the correct revision number 
of the net list was a particularly difficult part to get right, because many different 
revisions of the net list exist. In the beginning of the project, it was not realized that 
this was so important. It was later discovered that the net list had to be of the 
correct revision, otherwise some of the test points were not present and could not 
be mapped to their correct I/O interface on the CION card. This resulted in extra 
work, because it takes some time to set up a new project in CASCON Galaxy, and 
there are several steps which has to be gone through before the actual pin mapping 
can start, including the definition of components and set up of tests. When all steps 
prior to the pin mapping were completed and it was realized that an incorrect net 
list file had been used, the whole project had to start over from the beginning, 
which cost valuable time. This does not affect the results in any other way than that 
it took a little longer to achieve what was desired. 
 
Chapter 4, method, has been written with strong consideration to replicability and 
reliability. This is the reason why explanatory appendixes were added in the end 
of the report, with images and additional writing to aid anyone who would want 
to perform this study again. The appendixes were placed in the end because this 
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information is believed to otherwise interrupt the reader if it was to be put directly 
in the chapter. The results of this study are not coincidental, and if the study were 
to be repeated, the results would be the same, provided that the method used here 
is followed.  
 
Regarding the validity of the results, in this study the validity is mainly based on 
finding the correct models in the CASCON Galaxy library for all components on 
the PCB assembly that were not automatically defined by the software tool. Even 
though this can be rather difficult, the models used in this study are unlikely to be 
wrong. This is because of two main reasons: 
 

1. When the wrong model was used, an error message was received 
2. The number of I/O interfaces, and the names and function of the I/O inter-

face of every model of every component was matched with the component 
on the PCB assembly before it was decided to be used 

 
In conclusion, the models of components chosen are, after much consideration, 
believed to be the correct ones, which gives the results high validity.  

6.2.1  Source criticism 

When referring to previous research in a study, there is always a risk that some 
parts are incorrect. This is why getting as many independent sources as possible 
to confirm the facts used in a project is important. A good indication that a source 
is credible is that it is cited by many. When comparing sources it is less likely that 
a source cited by no one is as trustworthy as a source cited by many, and in this 
project sources cited by many has been used in as great extent as possible. This 
does not necessarily imply that the lesser cited sources are worse than the others, 
since it might be new or very specific and is thus not applicable in many areas.  
 
In addition to picking well-cited sources, using different kinds of sources is also 
important, for example books, webpages and reports. Another thing to take note 
of is where the source is from. If the source is from for example a conference, the 
recommendation is to look up the origin of the conference to see if the source is 
trustworthy or not.  
 
The main problem with the sources used in this thesis is them being somewhat old, 
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and some of them are older than it would have been preferred. To cope with this 
problem, webpages that are up to date were researched, and since these webpages 
have the same information as the older reports, they confirm that the theories 
presented in the sources used in this thesis are still valid and widely used today. 

6.3  How to improve test coverage 
 
Test coverage of a PCB assembly is desired to be as high as possible, and there are 
several ways to improve it. The most obvious way to increase test coverage is to 
add test points on the board, connected to the nets that cannot be reached by 
boundary scan and therefore not tested, but there are downsides to this. Today’s 
PCB assemblies are often required to be as compact as possible, and good locations 
for where test points can be added is hard to find. It also limits the hardware 
engineer in his or her design of the PCB assembly, since it is not desired to have 
open test points on the top layer of a PCB due to the possibility of electrical 
disturbance. Another reason not add test points to the PCB is the increase in price 
of the PCB, since it will have to grow in size and therefore in cost. It will also result 
in that the ICT fixture has to be modified, because more test needles will have to 
be added, which costs money. 
 
Another way to improve test coverage is to take unconnected I/O interfaces on a 
processor, which have boundary scan cells, and connect them with untested nets. 
This would enable signals that can be controlled by boundary scan to test these 
nets, but this has a minor downside: It takes up a little extra space on the board 
since all I/O interfaces that otherwise would have been open will be connected to 
another net on the board.  
 
There is also a possibility to replace devices on the PCB assembly with boundary 
scan compliable ones. This is a very good method because it does not require any 
more space on the PCB, because these components need to be there anyways. The 
only downside to this is these components might be significantly more expensive 
than normal components. 
 
The conclusion, when considering both price and space on the PCB, is using the 
unconnected I/O interfaces of boundary scan compliant processors to test nets that 
were not tested before, would be the best method to increase test coverage. To 



 55 

reach a very high test coverage however, all methods mentioned above should 
preferably be used in a combination.  

6.4  The work in a wider perspective 
In this section, the work will be looked at in a wider perspective, both from an 
ethical and societal point of view. 

6.4.1  Ethical perspective 

The multi-purpose cameras used in this study are a step towards fully automated 
cars that can drive by themselves. Even though the MPCs do not yet enable a car 
to fully drive by itself, they do take humanity a step closer towards that reality. 
Fully automated cars raise many ethical questions, for example, who is responsible 
in the event of an accident? Even though neither the technology nor society is ready 
for fully automated cars today, questions like this one needs to be tended to and 
discussed before self-driving cars can ever become a reality.  
 
The question regarding who is responsible when an accident occurs is difficult to 
answer from an ethical point of view, since it can be both the manufacturer of the 
car and the driver’s5 responsibility. The manufacturer should have the 
responsibility to inform the customer about all features of the car and how the car 
will react in certain situations. Therefore, after informing the customer, the 
manufacturer declines the responsibility if an accident occurs and the 
responsibility is with the customer, or driver, as long as the accident is not due to 
a technical failure like a bug or likewise. In that case, the responsibility is still on 
the manufacturer.  
 
The ethical perspective with the MPCs today is not as complex as it will be when 
self-driving cars are a reality. Today, the MPC only aid the driver and make driving 
safer and easier, which is something that almost everyone can agree is for the 
greater good.  

                                                
5 Even though a self-driving car drives by itself, the person in the driver’s seat or the person 
in the car is hereafter referred to as the driver for simplicity. 
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6.4.2  Societal perspective 

With boundary scan technology, PCB assemblies will be tested in a quicker and 
more precise way than before, which will lead to more correct actions when 
tending to faults. This will, in its turn, lead to that these errors can be rectified 
before creating and developing future PCB assemblies, in which these errors will 
not exist.  
 
Errors and faults on these PCB assemblies can be devastating for the user, since the 
user trusts that these products will work correctly and hence, he or she is 
dependent on that the equipment performs as promised. This can lead to a lack of 
focus while driving. Therefore, the equipment and MPC units have to work as 
expected. Even though they do work correctly today, hope is that this study helps 
future development of these PCB assemblies by helping testing engineers to locate 
an error faster when testing faulty products. This can also help saving money for 
the company, since hopefully less units will be returned to the manufacturer and 
less time will be spent on analyzing these units for correcting errors.  

6.5  Summary 
The results were as expected, and test method three resulted in the highest test 
coverage, with approximately three quarters of the board tested. Even though test 
coverage was lower than expected, the results were considered satisfactory after 
discussion with a technology specialist. The lower than expected test coverage was 
found to be a result of how the software tool defined the nets and how many of 
these nets that were actually connected to boundary scan enabled I/O interfaces. 
The remainder of the PCB assembly can still be tested using other methods, but 
having three quarters of the unit accessible for quick and thorough testing using 
boundary scan will greatly help engineers to faster locate an error.  
 
The iMX6 processor was found to be the processor with most impact on test 
coverage, due to the fact that this processor has most boundary scan enabled I/O 
interfaces of all processors and is connected to more nets on the PCB assembly than 
any other processor. 
 
The most important flaw, which cost unnecessary time, was how it was not 
realized until later in the study that the hardware descriptive files were not of the 
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correct revision. This did not, fortunately, affect the results as such, it only took 
longer than needed to finalize the tests and to get the results.  
 
When constructing the method chapter, focus has been on the words replicability, 
reliability and validity. For replicability and reliability, the work has been 
explained in detail and appendixes have been added. In regards to validity, efforts 
have been made when choosing models for components in the software tool to 
ensure that the correct model has been used. 
 
The main problem with the sources and theoretical basis for this study was that 
many of the books and reports chosen were relatively old. In order to make sure 
that the information is up to date, newer websites have been researched and it was 
found that this newer information confirms that the information in the older 
sources is still valid and widely used.  
 
After evaluating the test coverage it was concluded that the best method of 
improving test coverage would be to connect I/O interfaces that were currently 
unused on a boundary scan compliant processor to nets that were not tested in 
order to enable tests of these nets. 
 
When looking at boundary scan in a wider perspective, it was established that 
boundary scan, and the products tested, does not right now have any major ethical 
problems, although future products leading to fully automated cars do. In regards 
to societal impact, boundary scan will help improve testing of PCB assemblies and 
therefore reduce cost and time spent on analyzing faulty products, which benefits 
the manufacturer.  
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7  
Conclusions 

 
 
 
The conclusions of the thesis, and what can be done in the future to continue the 
work in this study is discussed in this chapter. 

7.1  Thesis conclusions 
The questions asked in the beginning of the thesis have been answered in a way 
which is simple to find and easy to interpret. The results are somewhat close to 
what was expected in the beginning of the project, and the predictions were 
relatively accurate. The actual results of which method that would yield the 
highest test coverage was as predicted, but a higher test coverage was expected. 
The results for each MPC unit showed the same pattern, with increasing test 
coverage between method one and two, and again between method two and three. 
 
Boundary scan has the potential to be of great help for any company working with 
PCB assemblies with boundary scan compliant components, because it enables fast 
testing to be performed on the inner circuitry of a PCB assembly. Testing with 
boundary scan is also meant and designed to not require specific knowledge about 
the design of the specific unit under test, which enables boundary scan testing to 
be more widely used. Even though boundary scan has been around for a while, 
now is the time where its potential is starting to be truly appreciated, as the PCB 
assemblies get smaller and smaller. As a result of denser PCB assemblies, many of 



 59 

the more complex integrated circuits have boundary scan and JTAG compatibility 
built in already, and more and more will get it built in. This will have a great and 
positive impact on how PCB assemblies are tested in the future, as can already be 
seen in the work done in this thesis. 

7.2  Future work 
The next step in this project would be to connect the actual hardware to the 
software tool that has been prepared and discussed in this thesis, to see what kind 
of results it would yield. This would probably not change the actual test coverage 
of the MPC units, since the virtual tests are based on models of the actual PCB 
assemblies, but it would be a good way to see if the setup of the software tool has 
been done correctly.  
 
Another thing that could be done in the future is to further examine where more 
test points on the PCB should be placed, or which nets that would need to be tested 
by the I/O interfaces of the boundary scan compliant processors. This could be 
done by investigating which nets that are untested, and from these nets see which 
are the biggest and most interesting to perform tests on. After finding new nets 
that one wants to reach with boundary scan testing, these nets could either be 
connected to an unconnected I/O interface on one of the boundary scan compliant 
processors or to a new test point. This is nothing that can be done on the versions 
of PCB assemblies tested in this thesis, but the possibility to improve future 
versions is interesting to further examine.   
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Appendix A 
Finding the correct model 

The CASCON Galaxy library includes models of a wide range of components, and 
finding a model for the component one is looking for can be very time consuming. 
When looking for a component, the easiest way to find the component in the 
CASCON Galaxy library is to find the function of the component, and then search 
for it in the library as shown under:  
 

 
Figure A.1 - Finding a model for a component. 
 
There are many different search functions. The picture shows an example where 
the search is done by entering a function name. “Number of Pins” is also possible 
to enter, together with for example “Manufacturer” to mention a few. 
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Appendix B 
Reassigning the number of an I/O pin  

Not all models in the CASCON Galaxy library are exactly the same as the 
component present on a PCB assembly, some minor variations may be present. 
There might be, for example, an I/O interface which is assigned to a different pin 
number than on the component on the PCB assembly. How to change this will be 
explained under. 

 
1. The first thing is to find the component that needs to be defined. In this case, the 

component shown under will act as an example: 
 

 
Figure A.2 - Inputs/outputs and their names of an example component. 
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2. The next thing that needs to be done is to find a similar component in the  
CASCON Galaxy library. In this case, this model will be used: 
 

 
Figure A.3 - Pins and names of a component in CASCON Galaxy. 
 
3. Find the difference between these two components. The difference in this case 

is the “VS” pin, which is located on pin ‘0’ in the CASCON Galaxy library 
model, but on the component which is going to be defined in this example, “VS” 
is on pin number ‘9’. 
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4. When the problem is found, the pin can be changed. This is done by right click-
ing the window on the right called “Package”, and choosing port and pin. Then 
press “OK”. 

 

 
Figure A.4 - Assigning a pin number to a pin name. 
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Appendix C 
Adding an I/O pin 

If a model of a component in the CASCON Galaxy library is almost correct, and 
the only difference being that it misses an I/O interface connected to ground, this 
can be added to the model. The steps shown under will guide whoever wants to 
add a ground connected I/O pin through all steps of doing so. 
 
1. Find the component that needs to be defined. Here, this component will be used 

as an example. 

 
Figure A.5 - Inputs/outputs and names of an example component. 
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2. Find a similar component in the CASCON Galaxy library. In this case, this is the 
component which is going to be used: 

 

 
Figure A.6 - Pins and names of a component in CASCON Galaxy. 
 
3. Find the difference between the two components. Here, the “GND_PAD” con-

nection is missing. This “GND_PAD” is going to be connected to ground ac-
cording to the data sheet of the component, shown in Fig A.5. 
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4. To add an extra port, press the “Edit” button, then press the “Add Port” button. 
Then, enter the name of the port and define the type of port. 
 

 
Figure A.7 - Defining a new input/output interface in CASCON Galaxy. 
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5. Assign the port to the correct pin, and as can be seen in Fig A.8, the “GND_PAD” 
port is connected to pin number “25”. To do this, simply right click on the  
“Package Menu”, choose port and pin then press “OK”. 

 

 
Figure A.8 - Assigning a pin number to a pin name. 
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Appendix D 
Creating a test  

To test a PCB assembly, and to retrieve information regarding which level of test 
coverage is achieved, a test has to be created inside the CASCON Galaxy software 
tool. There are several different tests available, and the software tool will 
recommend tests based on what is present on the UUT. Creating a test is done by 
following the steps under.  
 

1. Go into “Application Inspector”, then press “Executables”, then “New”. 
Choose what kind of test that should be executed, then press “OK”. 

 

 
Figure A.9 - Creating a test. 
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Now a test is created. Depending on what UUT is used, there might be different 
tests recommended by the software tool. Sometimes the tests fail on first execution, 
and in that case the error will be presented in the program. Since there are a lot of 
different errors that may occur, due to different models of RAM and flash 
memories for example, this guide is not going to go through them all. To solve the 
problem you might have to change some lines in the descriptive code, and to get 
there you just click on the error which is colored blue. The error colored in blue is 
a link leading you right to the problem. The error messages are rather self-
explanatory, which allows the user to correct the error with relative ease. 
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