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Abstract 

Today’s increased regulatory demands on emissions and hard competition 

drives manufacturers of heavy vehicles to try new technologies in an attempt 

to fulfill regulations and get ahead of competitors. This paper describes the 

development of a platform that is to be used as a tool to evaluate the 

possibilities of incorporating an FPGA in the future ECUs of Scania CV AB. 

Requirements for such a platform are examined and presented. These 

requirements are then implemented as a technology demonstrator able to 

sample signals from sensors and performing computations using the sampled 

data. The technology demonstrator is also equipped with an interface to 

which current ECUs can be connected. 
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Chapter 1 Introduction 

As with most current technologies, internal combustion engines are subject to 

an ongoing process of development and refinement. Two driving factors are 

competition among manufacturers and regulations. As manufacturers strive 

to fulfill the requirements of the regulators and get ahead of their competitors 

by having products that are more efficient and reliable, technologies currently 

not commonly used are being tried and tested. One such technology is the 

Field Programmable Gate Array (FPGA). In this Master’s thesis that was 

performed during the spring and summer of 2011 at the Powertrain Control 

Systems department of Scania Commercial Vehicles AB an FPGA based 

development platform was designed. The purpose of this platform is to help 

researchers try and test algorithms mainly for real-time control of combustion 

parameters using raw input from different automotive sensors.  

In a previous Master’s thesis written by Jonian Grazdhani [1] ground work 

for a system for Closed-loop-controlled Combustion is performed and 

parameters for feedback as well as an architecture is proposed. 

1.1 Purpose 

The current strategy for combustion control is an open loop relying on look 

up tables based on data from calibration performed on prototype engines [1]. 

Up until now this strategy has been good enough to fulfill regulations and 

having a competitive product but as regulations and competition tighten 

closed-loop combustion control is to be investigated to be able to decide if 

and in which form it will be useful. 

To be able to investigate the usefulness of closed loop combustion control a 

hardware platform needs to be developed that gives researchers the ability to 

acquire and process data from cylinder pressure sensors and the sensors 

already mounted on production engines. This hardware platform also needs 

to be able to communicate with the existing CPU that controls the engine and 

preferably be able to export and import data to and from a PC. 

Basing the platform on FPGA technology
1
 will yield two strengths, the 

ability of the FPGA to run calculations in parallel and the ability to 

reprogram the FPGA with different designs allowing researchers to test 

different high data throughput and timing critical algorithms using the same 

hardware platform. 

                                                 
1
 FPGA technology further explained in section 2.3. 
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1.2 System description 

1.2.1 Hardware platform 

A complete hardware design suitable for low volume production aimed at 

internal use at Scania Commercial Vehicles AB is to be developed. The 

hardware has the following two main tasks: 

1) Sampling of data 

a) Acquire data from sensors commonly used in the automotive industry 

at an ample sampling rate and resolution. 

b) Ample sampling depth to be able to measure a whole combustion 

cycle. 

c) Ability to export sampled data to a PC. 

 

2) Data Processing 

a) Calculate Heat Release fast enough to be able to perform cycle-to-

cycle feedback. 

b) Ability to export processed data to a PC. 

1.2.2 Interface 

As the platform will be used for investigating closed loop control it is 

necessary that a suitable interface for communication with already existing 

hardware is implemented. This interface depends on the type of data that will 

be transferred to the electronic control unit (ECU) controlling the engine and 

the ease of implementation from a software point of view. 

1.3 Problem Definition 

To design the system the task has been broken down into the following 

problems or design parameters. 

1) Sampling of data 

a) Signal levels of the sensors used to acquire data. 

b) Sampling rate and resolution to achieve ample precision for 

calculations. 

c) Correlation of data. Does the data need to be correlated to other 

parameters? Most likely to the crank angle
1
. 

d) How is data stored and saved? 

2) Choosing an FPGA 

a) Powerful and large enough to be able to perform the required 

calculations. 

                                                 
1
 Crank angle is explained in section 2.1. 
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b) Enough inputs and outputs to be able to receive data from sensors and 

communicate with existing hardware. 

3) Choosing and designing interfaces 

a) What interface(s) is most suitable for communication with the ECU? 

b) What interface(s) is most suitable for communication with a PC? 

c) Is it possible to use the logging tools currently in use by Scania? 

4) Implementing algorithms 

a) Develop suitable FPGA-hardware implementations of algorithms. 

b) How to test and verify the implementations. 

5) Supplying power to the platform. 

a) Which voltages are available? 

b) How much power is required? 

1.4 Method 

Grazdhani has in his Master’s thesis [1] proposed an architecture and 

implemented parts of the algorithms used to calculate control parameters in 

VHDL
1
. The goal is to implement hardware that is able to sample data from 

sensors, acquire additional digital data from digital interfaces and design 

VHDL code that handles these interfaces. Additional algorithms will be 

developed should they be needed. 

1.4.1 Design flow 

The following bullet points outline the design process, the details are found 

in Chapter 3. 

 Identify hardware requirements 

 Find suitable components 

 Design schematic and PCB layout 

 Soldering and testing of components 

 Design and test VHDL code for control of external hardware and 

interfaces.  

 Implement and test algorithms. 

  

                                                 
1
 (Very High Speed Integrated Circuit) Hardware Description Language. 
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Chapter 2 Concepts 

This chapter aims at making the reader familiar with the basics of the 

concepts used in the development of the system described in this report. The 

purpose is to give the reader enough knowledge to be able to follow why 

certain design decisions were made in the design of the development 

platform. 

2.1 Diesel engine basics 

2.1.1 Four-stroke compression ignition engine 

This section briefly describes the operating cycle of a four-stroke 

compression ignition engine and the necessary terminology. 

 

(Figure from [1]) 

FIGURE 2.1, CROSS SECTION OF A CYLINDER IN A COMPRESSION IGNITION ENGINE. 

The four stroke engine operates in four different stages. The opening and 

closing of the valves are controlled by the camshaft. 

1. Intake Stroke. With the intake valve open and the exhaust valve 

closed, the piston moves from Top Dead Center (TDC) to Bottom 
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Dead Center (BDC). The increased volume of the cylinder creates a 

pressure differential to the outside atmosphere and air is forced inside 

the cylinder. 

 

2. Compression Stroke. With both intake and exhaust valve closed the 

piston moves from BDC to TDC resulting in an increase of pressure 

and temperature. 

 

3. Expansion (Power) Stroke. With both valves still being closed fuel is 

injected via the injector. The high temperature causes the fuel to 

evaporate and ignite thus forcing the piston from TDC to BDC. The 

exact timing of the fuel injection depends on different strategies not 

explained in detail in this paper. 

 

4. Exhaust Stroke. With the intake valve closed and the exhaust valve 

open, the piston moves from BDC to TDC pushing the exhausts from 

the combustion out through the exhaust valve. 

The above description shows that it takes two full revolutions of the 

crankshaft to complete an entire cycle as each stroke takes place over half a 

revolution of the crankshaft. When working with this type of engine the 

angular position of the crankshaft becomes a useful reference. This angle is 

usually denoted θ and expressed as Crank Angle Degrees (CAD) and 

describes a full cycle of the cylinder which is 720 CAD. 

2.1.2 Electronic Control Unit 

Using Scania terminology an Electronic Control Unit (ECU)
1
 is an electronic 

controller that controls an arbitrary unit and uses the term Engine 

Management System (EMS) for an ECU controlling an engine. During this 

thesis the term ECU will be used as this covers both an EMS and other units 

that the development platform might be interfaced to. 

The Electronic Control Unit (ECU) is best described as the brain of an 

internal combustion engine. The ECU uses input data from sensors and pre 

calculated look up tables in order to control processes such as fuel injection. 

The platform being developed during this thesis will be focused on 

communicating and delivering data to the Scania S8 ECU. 

                                                 
1
 Note the difference from the more common use for this abbreviation ”Engine Control 

Unit”. 
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2.2 Combustion control 

This section summarizes Grazdhani’s [1] findings when investigating suitable 

control variables and algorithms. Three different variables were identified, 

Indicated Mean Effective Pressure (IMEP), Heat Release (HR) and the crank 

angle of 50% heat released (CA50). 

2.2.1 Heat Release 

Grazhdani [1] identifies the net heat released (Qnet) during combustion as a 

suitable control variable and concludes that the following equation is suitable 

for implementing in a FPGA. He also suggests that the combustion chamber 

volume (V) and its derivative (ΔV) can be pre-calculated and stored in a 

ROM
1
 to speed up calculations. 

     
       

 

   
             

 

   
    

 

   

 (2.1)  

2.2.2 CA50 

Grazhdani argues that the angle at which 50% of the heat has been released is 

a suitable variable for combustion control. He suggest an implementation 

where the trace of the heat release calculations is stored in memory and post 

processed to find the crank angle at which 50% heat is released. 

2.2.3 IMEP 

Indicated Mean Effective Pressure [1] can be seen as the average pressure 

over an entire cycle. Grazdhani concludes that the following equation is 

suitable to implement in a FPGA. 

        
 

     
 
 

       

 

   

 (2.2)  

2.3 Field-Programmable Gate Array, FPGA 

This section attempts to give a reader with none or very little knowledge of 

FPGAs an understanding of the differences between a microprocessor and a 

FPGA. It is by no means a complete functional description of the inner 

workings of an FPGA but attempts explain the strengths of the FPGA. If the 

reader is familiar with the basic concepts of FPGA technology or is satisfied 

with the description of an FPGA being basically a reconfigurable ASIC
2
 this 

section can be skipped. 

                                                 
1
 Read Only Memory 

2
 Application Specific Integrated Circuit 
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An FPGA could in short be described as a reconfigurable hardware. The 

FPGA is an integrated circuit (IC) built up of configurable cells called logic 

blocks and a network of interconnects connecting them. The behavior of 

these logic blocks and the connections between them can be reconfigured to 

obtain different physical signal paths inside the IC. Depending on the model 

of the FPGA chip the logic cells can be more or less complex. 

The configurability of the logic cells allows a designer to create custom 

hardware that can be optimized toward a single task. As the designer creates 

actual hardware connections it is also possible to have a multitude if signals 

traversing the FPGA and thus perform calculations truly in parallel.  

A microprocessor and a FPGA performing the evaluation of expression (2.3) 

below illustrate the difference in how the FPGA can parallelize calculations. 

              (2.3)  

 

A microprocessor would have to first evaluate (A + B) and store it in a 

register, then (C + D) and store it in another register. Finally the 

microprocessor would multiply the values in the two registers and present the 

result. 

In a FPGA it would be possible to calculate (A + B) and (C + D) in parallel 

and route the result through a multiplier. 

A common approach to FPGA design is using a Hardware Description 

Language (HDL), the most common being Very high speed integrated circuit 

Hardware Description Language (VHDL) and Verilog. 

A typical design flow starts with describing the circuit in HDL. The HDL-

code can then be simulated using user defined stimuli to the described circuit. 

These simulations will test if the code is behaving as intended, it has however 

not yet been translated into hardware. When the code simulations have 

verified that the description is operating as intended the next step is to 

synthesize the code extracting the actual hardware elements that will make up 

the circuit and run simulations on the created hardware models. The last steps 

are to translate the design to the target platform and run place and route 

which will create the actual connection of the physical blocks in the FPGA. 

The result of these steps are a bit-file which is used to configure the FPGA-

hardware. After the bit-file has been used to configure the FPGA more test 

are performed to verify that the design works in the actual hardware. 
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2.4 Fixed point arithmetic 

If we represent a binary fixed point value as U(a,b), where a represents the 

number of integer bits and b the number of fractional bits, the nth bit has a 

weight of 2
n-b

 [2]. From this follows that the value of an N-bit number x can 

be calculated using equation (2.4) [2]. 

   
 

  
     

   

   

 (2.4)  

Where xn represents bit n of x. 

As an example the U(2,2) number 10.102 can be translated to base10 as in 

equation (2.5). 

                         
 

 
     (2.5)  

For details on the implemented number representations see section 4.3.3. 
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Chapter 3 System Design 

This chapter describes how the development platform was designed. It 

describes how the author has reasoned when choosing system specifications 

and components. 

3.1 Design philosophy 

As stated in section 1.2 the purpose of the hardware platform developed 

during this Master’s thesis is to sample data from automotive sensors to be 

able to calculate heat release. According to section 2.2.1 this can be done 

using cylinder pressure sensors and pre-calculated parameters. The 

reconfigurable nature of the FPGA offers a flexibility that will be used to 

allow the development platform to be used for a wide range of measurements 

and computations.  

The main tasks that the platform has to perform are: 

 Data acquisition 

 Data processing 

 Interfacing with PC and ECU 

Due to the parallel nature of the FPGA it is possible to have several 

algorithms simultaneously presenting their data. The recipient of this data is 

mainly the ECU which is a microprocessor and does not have the parallelism 

of the FPGA. Due to this the platform will be designed with the aim of 

working mainly as a virtual sensor from which the ECU can fetch data it 

needs on demand. 

3.1.1 Data acquisition 

Data acquisition is by no means a unique task for the platform being designed 

during this Master’s thesis and since the automotive sensors that the platform 

interfaces to provides analog signals, ADCs has to be designed into the 

system. These components are a limiting factor as each ADC has a maximum 

rate at which it can sample data and a maximum resolution. The platform can 

simply not be used properly if a signal need to be sampled faster than the 

maximum sample rate or with a resolution higher than the ADC is designed 

for. 

3.1.2 Data Processing 

The majority of the data processing will be performed within the FPGA. As 

the frequency at which modern FPGAs operates ranges from tens to hundreds 
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of megahertz the author identifies the size
1
 of the FPGA as the greatest 

limiting factor with regard to data processing. The size of the FPGA limits 

the amount and size of algorithms and control that can be fitted inside the 

FPGA. 

3.1.3 Interfacing PC and ECU 

The data produced by the development platform has to be presented to a 

variety of hardware platforms. A goal for the design of the development 

platform is to allow the end users to use a multitude of interfaces mainly 

through implementation inside the FPGA. 

3.1.4 Minimizing limiting factors 

To remove or at least minimize the risk of ADCs limiting the usefulness of 

the platform it is necessary to estimate a sample rate and resolution which 

will cover most of the uses the development platform might be put to. This 

estimate can then be used to decide the ADC model that will be used in the 

design. One thing to keep in mind is that with increasing performance the 

price is generally also increased.  

As with ADCs, increased performance in FPGAs yield an increase in price. 

Estimations for the required size will be based on the work done by 

Grazdhani as he has already partially implemented some of the algorithms 

and the resource usage is described in his master’s thesis. 

Since FPGAs can be reprogrammed placing protocol implementations in the 

FPGA-design this platform offers flexibility in the types of protocols that can 

be used. To accommodate the flexibility of the FPGA care will be taken 

during the design to make as many of the FPGA’s I/Os available to the end 

user. 

3.1.5 Reusability 

Once again pointing to the flexibility of the FPGA technology it is likely that 

this platform will be put to use in several different situations. During the 

FPGA design and implementation an attempt will be made to divide the 

design into several different and reusable modules. One could imagine that a 

user of the platform would like to calculate the heat release to use together 

with algorithms other than those developed during this thesis, but not the 

calculations for CA50. This points towards using a modular design approach 

to the FPGA design by implementing each algorithm as a separate module 

that is independently tested and with well documented behavior. 

                                                 
1
 Size referring to the number of logic cells or manufacturer equivalent measure. 
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3.2 System overview 

Figure 3.1 shows an overview of the development platform’s main 

components. 

 

FIGURE 3.1, SYSTEM OVERVIEW 

3.2.1 Connecting the ECU 

To integrate the platform into the S8 ECU a socket has been developed at 

Scania to make the I/O pins of the S8 microcontroller available.  

3.2.2 Analog Interface 

It is through the analog interface that the FPGA will be able to acquire sensor 

data to be processed by the algorithms inside. As stated in section 3.1.1, the 

choice of ADC is a major limiting factor of the final designs performance and 

to minimize the limitations posed by the analog interface research was done 

trying to find an appropriate specification for the ADCs. 

The engines of interest are reciprocating engines and an assumption is made 

that the angle of the crank shaft or CAD is an interesting parameter to 

correlate data against. A couple of factors strengthen this assumption. 

 The injection timing is controlled using the CAD to be able to 

determine when to inject fuel into the cylinder. The injection of fuel 

and the following combustion is closely tied to the cylinder pressure. 

 The pistons are connected to the crank shaft and with a proper 

reference it is possible to correlate the cylinder pressure to the volume 

of the combustion chamber. 

Using the assumption that the CAD will be the main trigger for samples it is 

necessary to find how the CAD can be determined and at what resolution 
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over a cycle (720 CAD) to calculate an upper limit for the sampling speed. 

Basing sampling on CAD puts the requirements of the ADC in the CAD-

domain (CAD/sample) which will need to be translated into samples/s as this 

is the domain at which manufacturers specify their ADCs. To translate it to 

the time domain equation (3.1) can be used assuming a maximum number of 

revolutions per minute to simplify. When calculating the required sampling 

rate of the ADC an engine speed of 3000 rpm will be used, this is higher than 

the 2500 to 2800 rpm that the engines are limited to but allows for some 

margin in the calculations. 

  
  

   
     

   

      
 
   

      
       

      
 (3.1)  

Current production engines for Scania’s heavy trucks uses a Time Processor 

Unit (TPU) that performs calculations on data extracted from 60 equidistantly 

spaced bores in the rim of the flywheel. One of these bores is a “virtual” hole 

used for synchronization. This system allows for an update of the current 

CAD once every six CADs and using equation (3.1) results in a requirement 

of                      . It is however possible to extrapolate higher 

sample frequencies and one could argue that using a higher sample rate might 

be of use in a research environment. 

In a master’s theses written by Magnus Nilsson [3] CAD based 

measurements are performed on a Scania engine mounted in a test bed. This 

engine has a circular disc with 720 markings, or “teeth” as Nilsson calls 

them, attached to the fly wheel. He continues to describe that a transistor-to-

transistor-logic (TTL) pulse-train is generated from the teeth and that an extra 

trigger tooth provides a signal that can be used to synchronize the CAD 

angle. Once again using equation (3.1) the required sampling rate of the 

ADCs can be calculated as                     . 

Nilsson further describes that doing his measurements a frequency-scaler was 

used to increase the frequency of the TTL pulse-train increasing the 

frequency of pulses to 1800 pulses per revolution. This approach should pose 

no issues if the sampling is done at a fixed angular velocity, phase errors in 

the up-scaled frequency should however be investigated if the engine velocity 

is subject to fast changes. With equation (3.1) the required sample rate can be 

calculated to                      . 

As the development platform is to be used in research trying to predict the 

required performance of the analog interface is a daunting task. Grazdhani 

mentions that he considers a sampling rate of 0.1 CAD/sample (3600 
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samples/rev) an “extreme” sampling rate. Using equation (3.1) this amounts 

to                       . For the purpose of calculating heat 

release, CA50 and IMEP using Grazdhani’s equations, a maximum sampling 

rate for choosing ADCs could be set at 180k samples/s. 

Grazdhani uses ADCs with 12-bit resolution as a base for the calculations 

and modeling. A meeting was setup to discuss this choice and the main 

reason had been that automotive grade
1
 ADCs of higher resolution had been 

hard to find as he had focused on a system suitable to put in a production 

vehicle. As the development platform described in this paper is not designed 

for mounting on an engine this limitation is lifted. Using 16-bit ADCs will 

allow the development platform to produce higher quality data for analysis. 

As stated in 3.1 investigating other uses for development platform besides 

calculating heat release will be done in order to draw the requirements for 

components. Through discussions with the industrial supervisor of this paper 

the author has been informed of tests with sample rates of up to 400k 

samples/s. 

Through these discussions and using the calculations from this section it was 

decided that since this platform will be produced in a limited number it is not 

as sensitive to costs as a product meant for serial production. Setting a 

requirement for the ADCs to be able to sample at 1 000 000 sample/s at a 

resolution of 16-bits would cover the majority of applications without driving 

costs too high. 

3.2.3 Input and output 

To make use of the calculations performed in the FPGA one or more 

interfaces are needed to make the data available to external units. The most 

important user of the data is the ECU as the purpose of the platform is to help 

it with calculations. Being able to present or log data to a PC will most likely 

improve the ability for researchers to more efficiently evaluate the data 

algorithms in the FPGA produce. Besides the analog input to ADCs sampling 

data for algorithms to process, external digital signals will be necessary to 

control the FPGA, one example being input data to calculate the crank angle. 

The I/Os are divided into three categories described below. 

3.2.3.1 ECU interface 

This is the interface being used to convey data to the ECU for use in the 

engine control. This interface should be able to present the information 

                                                 
1
 High requirements on ability to withstand heat and vibration. 
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needed by the ECU as effectively as possible minimizing the amount of time 

the ECU has to spend on retrieving information. Data can be conveyed to the 

ECU in mainly two ways, serial or parallel, which both have their pros and 

cons. Using a parallel interface will reduce the number of clock cycles the 

ECU needs to read all data but will however require more I/O pins on the 

ECU and FPGA. The aim will be to implement a parallel interface if possible 

and use a serial interface only if there are not enough I/O pins available. With 

the aim of having the platform function as a virtual sensor and have the ECU 

fetch specific data some type of data addressing is also necessary. 

Since addressing is required, a SPI
1
-interface is a candidate should a serial 

interface be needed. The SPI-interface is a standardized interface and thus 

making it easier for software developers for the ECU to implement functions 

retrieving data from the FPGA. One drawback of using SPI or other serial 

interfaces is that it requires one clock pulse for each address bit and one clock 

cycle for each data bit and is therefore slower than using a parallel interface. 

A parallel interface is faster in the sense that entire words
2
 can be sent at a 

time with the drawback of using more I/Os. The virtual sensor approach 

using an address to present specific data is basically the operation of a RAM. 

Configuring parts of the FPGA to function as a RAM and connecting the 

address and data lines to the ECU would yield a memory mapped interface to 

convey data in parallel. The S8 has a on-board RAM memory with address 

and data lines which are available through the expansion socket, the FPGA 

could be connected to these lines and using software in the ECU to control if 

data should be read from the on-board RAM or the FPGA via chip select
3
 

signals. 

3.2.3.2 PC interface 

The S8 has a limited capability to store large sets of data [4] and making 

them available to a PC for further processing or analysis leaving the FPGA 

with the task. As the platform will be used in research a flexible and robust 

way of extracting data from the FPGA is essential to be able to thoroughly 

analyze the data calculated in the FPGA. The interface should use 

standardized protocols and connectors to minimize the amount of time 

needed to develop the interface. 

                                                 
1
 Serial Peripheral Interface Bus 

2
 A fixed number of bits 

3
 The on board RAM has a chip enable signal that puts its output in a high impedance state 

allowing several devices to use the same data lines as long as there is a device controlling 

arbitration. 
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The RS232 standard is a well used standard when communicating with PCs 

however more and more PCs are being delivered without serial ports favoring 

USB. The design goal will be to make use of a USB interface, either through 

a USB controller or using RS232 in conjunction with USB-chips developed 

by FTDI [5]. 

3.2.3.3 General purpose I/O 

Besides the conveying of algorithm data between the FPGA and external 

units the FPGA will need external control signals and inputs. These signals 

can for example be for calculating the crank angle or triggering events. As 

many as possible of the FPGA I/Os not occupied by other interfaces will be 

made available to an end user of the platform. 
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Chapter 4 Implementation 

This chapter describes how the work in Chapter 3 was implemented. It 

describes the selection of components and describes VHDL modules. 

4.1 Component selection 

When deciding which FPGA to use the first choice was whether do design a 

custom board with a FPGA-chip directly mounted or to use a 

development/evaluation platform and integrate that into the design. As the 

platform being developed is a development platform and a technology 

demonstrator the requirements for the size of the final platform is not 

imperative and thus using a development/evaluation platform would shorten 

the development time for the hardware. The author had earlier experience of 

working with boards from Opal Kelly [6] which develops FPGA-boards with 

integrated USB or PCI-express communication. The boards are delivered 

with APIs
1

 for several programming languages making software that 

communicates with the FPGA via USB easier to develop. The boards are also 

delivered with an application called Front Panel [7] through which the bitfile 

is downloaded and for configuring the on board PLL
2
 generating clocks for 

the FPGA. The Front Panel application can also be used to present data via 

modules inside the FPGA. Using the API it is also possible to perform large 

data transfers of data stored in the FPGA. Using one of the boards developed 

by Opal Kelly with USB would enable the platform being developed during 

this thesis to have logging and debugging capabilities in a PC environment. 

The choice of board fell on the Opal Kelly XEM3010 [8] with a Xilinx 

Spartan 3 XC3S1500-4FG320 FPGA-chip. The choice of size was based on 

Grazdhani’s estimations, although he used another FPGA-chip a comparison 

of the number of logic cells can be used as a good estimate. Grazdhani’s 

architecture estimates a use of up to 14745 logic cells [1], the XEM3010 has 

29,952 equivalent logic cells
3
 [9] fitting Grazdhani’s architecture with head 

room for additional algorithms. The XEM3010 is also equipped with a 32 

MiB SDRAM. The Spartan 3 FPGA-chip is equipped with on chip dual port 

block RAM (BRAM) that can be used to store data and be used as an 

interface to the ECU; it also has dedicated multipliers that might reduce the 

logic cell usage by moving multiplications from the logic cells. The FPGA 

I/Os are made available through a high density connector at the bottom of the 

                                                 
1
 Application Programming Interface 

2
 Phase Locked Loop 

3
 Xilinx measure of FPGA size. 
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board that can be mated to an expansion board. The high density connector 

gives access to the 5V supplying the XEM3010 and the 3.3V, 2.5V and 1.2V 

regulated voltages on the board however only the 5 V and 3.3 V should be 

used to power external devices. 

 

(Image from www.opalkelly.com) 

FIGURE 4.1, OPAL KELLY XEM3010 

The choice of ADC fell on the Analog Devices AD7980, a single channel 16-

bit ADC sampling at 1 MSa/s
1
. The AD7980 has a serial interface with a 

separate power supply allowing the 3.3V powering the FPGA I/Os to also 

power the digital interface of the ADC. It is possible to drive the AD7980 

analog input directly if the driving source impedance is low [10] but since 

several different types of sensors might be connected to the platform drivers 

will be designed and added to the board. It should also be noted that as the 

main goal is to measure cylinder pressure and that a pressure sensor had been 

suggested however it was not possible to get the specifications for this sensor 

in time which further pushed the decision to use a driver amplifier. Analog 

Devices has recommendations on amplifiers that can be used as a driver to 

the AD7980 [10], from these recommendations the ADA4841 was chosen 

due to being the recommendation for “Very low noise, small and low power” 

[10]. Both the AD7980 and ADA4841 requires decoupling on the power 

supplies along with filtering components on the analog signals, these were 

designed using the recommendations in their respective data sheet [10][11]. 

The data output of the AD7980 is placed in a high impedance state when it is 

idle or doing a conversion and pulled low
2
 when a conversion has completed 

and data is available. Placing a pull up resistor on the PCB trace routed to the 

                                                 
1
 Mega Samples per second. 

2
 Ground level. 
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FPGA will pull the FPGA input high
1
 until a conversion has completed, 

when the AD7980 has completed a conversion it will pull the data lines low 

causing a high to low transition that can be used as a trigger for the FPGA.  

To provide a stable 5 V voltage reference to the AD7980 the Analog Devices 

ADR435 was chosen. 

When the active components of the design had been chosen the next step was 

to choose components supplying power. A decision was made to have the 

board powered by a 5 V power supply and derive other voltages from this 

power. The board would then be able to be powered through the power 

connector on the XEM 3010 or through a connection directly on the board. 

Scania trucks have a 24 V supply easily available and an initial design choice 

was to have a circuit converting a 24 V input to the board to a 5 V supply for 

the board as an alternative to supplying 5 V directly to the FPGA. This was 

removed to remove any confusion on the voltage levels to connect to the 

board making it clear that the platform is a 5 V platform. 

The AD7980 uses two separate power supplies, 2.5 V for the analog to digital 

conversion and a 1.8 V to 5 V for the digital I/O. As mentioned above the 

digital I/O will be powered by the 3.3 V regulator on the XEM3010 thus 

leaving the need for a 2.5 V power supply. The ADA4841 has a linear range 

1 V below the positive power supply and 0.25 V above the negative power 

supply when configured as a follower [11]. To be able to sample signals in 

the 0 V to 5 V range it is necessary to have a positive supply of at least 6 

volts and a negative supply of at most -0.25 V. The ADR435 voltage 

reference has an input range of 7 V to 18 V [12]. Table 4.1 sums the required 

power supplies. 

Component Required voltages 

ADA4841 <= -0.25 V 

ADA4841 6 V - 12 V 

AD7980 2.5 V 

ADR435 7 - 18 V 
TABLE 4.1, REQUIRED POWER SUPPLIES 

The Texas Instruments TPS73725 was chosen to supply the AD7980 with 

2.5V and XP-Power IL0509S 5 V to 9 V boost converter to power the 

positive supply on the driver amplifiers and the ADR435 voltage reference. 

To obtain a negative voltage for the operational amplifiers Texas Instruments 

TPS60403 charge pump inverters were used inverting the 2.5V output from 

the TPS73725. When the components were ordered the TPS73725 was not 

                                                 
1
 VIO level. 
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available and replaced by the pin compatible TPS79625. Due to reasons 

explained in section 5.1 the 9 V regulator was changed to the Traco Power 

TME0509S 5 V to 9 V boost regulator and the 2.5 V regulator with the Texas 

Instruments TPS73625. 

4.2 Printed Circuit Board 

Schematic design, board layout and production files were created using the 

open source software KiCAD [13]. The manufacture of the PCB was 

outsourced and when the PCB was delivered all components were hand 

soldered. 

The power supplies were soldered first together with their decoupling 

capacitors and it was established that they were delivering the specified 

voltages using a multimeter. The ADR435 voltage reference was then 

soldered to the board and its output measured to the specified 5 V after which 

the rest of the components were soldered. 

 

 

FIGURE 4.2, EXPANSION BOARD 
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FIGURE 4.3, EXPANSION BOARD WITH XEM3010 MOUNTED 

4.3 FPGA design 

4.3.1 Tools 

The FPGA design was written in VHDL using Notepad++ [14] as a text 

editor and processed using Xilinx ISE Design Suite 13.1 with a WebPack 

[15] license. Simulations were done using Xilinx ISim bundled with the ISE 

Design Suite. 

4.3.2 Design approach 

The FPGA design was done by dividing algorithms and functional blocks 

into separate VHDL modules. One reason being reusability (see section 

3.1.5) and another is to allow a bottom up design flow where smaller 

modules are combined to reach the final design. Using this approach it is 

possible to simulate each algorithm or functional module separately and then 

design modules to control them. The approach will add extra development 

effort designing module interfaces so that they can be used separately 

however the advantages of being able to build the system in increments 

should save time in verifying the design. 

During the design effort was put in to make the HDL as generic as possible to 

allow for a simpler migration between FPGA platforms. One way to achieve 
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this is to refrain from using primitives
1
 when possible and instead infer

2
 the 

use of resources. Since synthesis tools differ in how they interpret the HDL 

this approach does not guarantee portability it does however make it more 

likely that the HDL can be used on a different platform with few or no 

changes at all to the HDL, especially if the same synthesis tool is used. 

4.3.3 Number representation 

A fixed point number representation will be used in the design to avoid the 

performance issues faced when using floating point representations [16]. To 

be able to find a suitable fixed point number representation the numerical 

range of the algorithm variables needed to be investigated. 

An integer representation was chosen for the CAD with integers ranging 

from 0 to 7199. This would allow the FPGA to represent the CAD with a 

precision of 0.1. 

Using a Matlab model
3
, the combustion chamber volume V (Figure 4.4) and 

its discrete derivative ΔV (Figure 4.5) over a cycle of 360 CAD could be 

calculated. 

 

FIGURE 4.4, COMBUSTION CHAMBER VOLUME. 

 

                                                 
1
 Using a primitive explicitly tells the synthesis tool to use a certain resource on the FPGA 

chip. 
2
 Writing code that the synthesis tool translates into the desired resource. 

3
 The model was provided by Grazdhani and is the same as used in his thesis [1]. 
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FIGURE 4.5, COMBUSTION CHAMBER VOLUME DERIVATIVE. 

Data provided by the ADC will be in the range of the ADC’s resolution 

which in the case of the AD7980 is 16 bits and thus 0 to 2
16

-1. 

Equation (2.1) contains a factor that is calculated using a variable γ, 

Grazdhani writes that this can be held constant while still achieving a 

satisfactory result [1]. With a fixed γ the factor in equation (4.1) can be pre-

calculated. 

     
 

   
 

 

        
       (4.1)  

 

Variable Max Min 

V 0.002256 0.0001327 

ΔV 1.943∙10
-6

 -1.943∙10
-6

 

γ’ 3.172 3.172 

ADC data 0 65535 
TABLE 4.2, NUMERIC RANGE OF VARIABLES IN DECIMAL FORM 

To allow a dynamic spacing between samples ΔV will be calculated in the 

FPGA as Vn+1– Vn, where Vn is the current combustion chamber volume and 

Vn+1 the combustion chamber volume when the next sample will be taken. 

Using the data in Table 4.2 the decimal form of the variables can be 

converted to the fixed point representation presented in Table 4.3. 

Variable Max Min 

V  0.00000000100100111101  0.000000000000100010110010 

γ’ 11.00101100000101 11.00101100000101 

ADC 1111111111111111 0000000000000000 

TABLE 4.3, NUMERIC RANGE OF VARIABLES IN FIXED POINT REPRESENTATION 
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Representing numbers from Table 4.3 using the same fixed point 

representation would require the use of a U(16,24) representation. As these 

values will be stored in the hardware of the FPGA work was done to find a 

suitable number representation and to reduce the amount of hardware needed 

to store these. 

Examining at the maximum value of the combustion chamber volume it can 

be seen that the first eight fractional bits will never be used and could be left 

out. Removing the eight first can be done by multiplying the value of V with 

2
8
, Vmax can now be written as 0.100100111101∙2

-8
. If we further multiply 

with 2
16

 we can express Vmax as 1001001111010000∙2
-24

, a 16-bit integer 

matching the resolution of the ADC using only a scale factor. Applying the 

same method to γ’ it can be expressed as a 16 bit integer using a scaling 

factor 2
-14

. 

As the ADC samples a 0 to 5 V signal representing a “real” value the scale 

factor for the ADC data has to be determined by the sensor currently in use. 

Multiplying with 2
x
 is a shift operation that is easily handled by the FPGA 

and therefore the integer representation in Table 4.4 will be used. 

Variable Number of bits Scale factor 

V 16 2
-24

 

γ’ 16 2
-14

 

ADC 16 Application dependent 
TABLE 4.4, NUMBER REPRESENTATION OF PRE CALCULATED VALUES. 

4.3.4 VHDL modules 

This section describes the individual modules that were designed and how 

they were combined to create the final design. User guides were written for 

all the modules and bundled with the source HDL to allow users to 

implement them in their own designs. 

All modules are designed to be able to handle an arbitrary samples/CAD rate. 

For the modules calculating the combustion feedback parameters the working 

principle is that an update in the CAD will trigger one algorithm iteration. 

4.3.4.1 CAD-module 

During the thesis it became clear that there was not enough time to 

implement and properly test a module keeping track of the current CAD. One 

very important thing when using the CAD as a reference for algorithms is 

that the FPGA and the ECU are synchronized in their perception of the 

current CAD. Designing, testing and verifying this was deemed to be a large 
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enough task for a separate thesis and such a module will therefore not be 

designed during this thesis. 

The design intent in this thesis was to use a CAD-module that signals to the 

FPGA when the current CAD has been updated with a signal asserted for one 

clock cycle and have other modules in the FPGA respond to this. In the 

design for the module storing pre-calculated parameters it is necessary to also 

know the next upcoming CAD which means that the CAD module also have 

to compute the step between two CAD-updates or have it preprogrammed. 

4.3.4.2 Top level 

As mentioned in section 4.3.2, the design was built using a bottom up 

approach. This approach requires that the design is broken down into smaller 

modules, this was done as in Figure 4.6. 

 

FIGURE 4.6, VHDL MODULE HIERARCHY 

The ADC branch is responsible for acquiring data from the AD7980 and 

present it in the top level together with a signal denoting that a new sample 

has been acquired. From the bottom and up the branch is based on modules 

each controlling one single AD7980 (Single ADC controller). The single 

ADC controllers are bundled into two higher level controllers (ADC 

controller) each consisting of eight single controllers. The reasoning behind 

being that in a 8 cylinder engine eight ADC controllers will be sampling 

pressure data synchronously while the other eight are available for sampling 

other data at another rate if needed. The ADC interface controller requests 

that a sample is taken from the lower levels and when a new sample is 
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available the ADC interface controller presents it to the other modules in the 

top level. 

The ECU interface branch is responsible for conveying data to and from the 

ECU (or other devices connected to the development platform). From the 

bottom and up and the branch consist of an addressable memory (ECU 

interface) and a controller controlling the data flow (ECU interface 

controller). The ECU interface controller controls the data flow on the FPGA 

side of the interface by serializing the data the algorithms produce while the 

ECU interface independently handles the tri-state buffers used as a 

bidirectional interface to the ECU. 

The combustion feedback branch performs all algorithm computations and 

contains a module storing and presenting pre calculated parameters. The 

computations are performed in two modules
1
 that implement computations 

for net heat release and CA50. The Qnet and CA50 controller uses a 

combinatorial net to determine the start and end of calculation windows and 

asserts control signals to its underlying modules accordingly. 

4.3.4.3 ADC control interface 

First a module controlling one single ADC was designed and simulated. The 

module is controlled by a FSM with four states.  

 Idle state. 

 State triggering the AD7980 to do a conversion. 

 State waiting for the conversion to complete. 

 State reading the data. 

The module pulls a busy signal high during conversion and when reading 

serial data. The module uses the clock signal controlling the FSM to clock 

serial data from the AD7980 adding the maximum serial clock period of the 

AD7980 as limit to the maximum clock period of the module. When 

synthesized, the synthesizer reports that the module can run at 255.892 MHz 

corresponding to a period of approximately 3.9 ns. The minimum period of 

the AD7980s serial interface when run at 3.3 V is 12 ns [10] and thus limiting 

the rate that the module can be clocked at to 83.3 MHz. 

The AD7980 data sheet states that the minimum acquisition time is 290 ns 

and that it requires 17 clock pulses to complete a data readout. To be able to 

have the AD7980 sample at 1 MSa/s the modules have to clocked fast 

                                                 
1
 Grazhdani concludes that the net heat release should be calculated between -45° ATDC and 

90° ATDC which requires two net heat release modules [1]. 



Implementation 29 

 

enough for a full 17 pulses to fit inside the 290 ns minimum acquisition 

window [10] resulting in a minimum clock period of                 or 

58.6 MHz. 

The single AD7980 controllers were combined into a larger controller 

consisting of eight single AD7980 controllers. This larger controller triggers 

all eight single controllers to make a conversion and reads the data from 

them. The module will wait until all eight single controllers have taken a 

sample and then present the data on its output ports. When the controller’s 

data outputs are updated the module will signal that new data is available for 

use by other modules. A time out flag and a busy flag was designed to signal 

if an AD7980 does not pull its data output low to signal that data is available 

within a set number of clock cycles or if the controller tries to trigger a 

conversion when the AD7980 is busy. These flags are presented on a module 

port. 

4.3.4.4 ECU interface 

The ECU interface was designed to mimic the behavior of the S8 on-board 

Cypress CY7C1041 Static RAM [17] allowing software designers to reuse 

memory controller software already available for the S8. 

A memory mapped interface was implemented allowing the S8 to use address 

lines to access data stored in the FPGA. The FPGA stores data in a dual port 

BRAM memory that is 16 bits wide and 1024 deep with one port available to 

the FPGA and the other port made available to the ECU. Designing this 

module presented two primary problems to solve, the S8 and the XEM3010 

operates from different system clocks and since the data- and address-bus is 

shared with the S8 on board RAM, bus arbitration has to be considered. 

The dual port BRAM in the Spartan 3 has the capability to operate of two 

separate and asynchronous clocks, however due to the risk of encountering 

timing violations conflicts with the clock-to-clock setup window [18] and 

that the data lines to the ECU need to have the ability to be put in an high 

impedance state to accommodate arbitration the ECU cannot be connected 

directly to the BRAM. The module ports available to the FPGA and the 

address lines from the ECU are connected directly to the BRAM. 

The BRAM controller for the ECU side is a FSM consisting of three states, 

an idle state when no read or write operations are active from the ECU, an 

output state when the ECU is requesting data and a write state when the ECU 

needs to write data to the FPGA. Signals from the ECU controls which state 

that the FSM should be put in but the state transitions are controlled by the 
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FPGA system clock thus synchronizing the control signals to the BRAM with 

the FPGA system clock. The module is controlled by three signals, Chip 

Enable, Output Enable and Write Enable. The Chip Enable signals operates 

asynchronously and is active low, when it is pulled high the FPGA tri-state 

buffers will be put in an high impedance state and when it is pulled low the 

Output Enable and Write Enable signals control the state of the buffers. The 

truth table in Table 4.5 shows how the controller controls the bidirectional 

data lines to the ECU, data output means that data from the FPGA BRAM is 

driven to the lines and data input that the ECU drives the inputs to the 

BRAM. 

Chip Enable
1
 Output Enable

2
 Write Enable

2
 Data line state 

1 X X High Impedance 

0 0 1 Data output 

0 0 0 High Impedance 

0 1 1 High Impedance 

0 1 0 Data input 
1 
Asynchronous. 

2 
Synchronous with respect to the FPGA clock’s rising edge. 

TABLE 4.5, ECU INTERFACE CONTROLLER TRUTH TABLE 

When accessing the BRAM from the ECU delays will occur due to the 

synchronization of clock signals and the signal propagation times from the 

FPGA pin to the BRAM ports. The signal propagation times have to be 

analyzed for each specific FPGA implementation as the Place and Route 

process will optimize the hardware for each specific implementation. The 

worst case delay due to synchronization of control signals can be calculated 

as a function of the period of the clock tclk controlling the module. 

Assume that after pulling the chip enable signal low, the output enable signal 

is pulled low just after a clock pulse has arrived at the FSM registers. The 

synchronization (clocking of the ECU control signals into registers) will in 

this case be delayed by tclk. The BRAM operates on the negative edge of the 

clock and the requested data will be available on the BRAM data port tclk/2 

later. A maximum delay can be expressed as in equation (4.2) 

                         (4.2)  

where        is the signal propagation time from the control signal FPGA pins 

to the BRAM and         the signal propagation time from the BRAM data 

ports to the FPGA pins. 
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A controller was also designed for the FPGA side of the interface serializing 

the data and writing it to the BRAM. The FPGA side controller will update 

the contents of the BRAM when a new Qnet value has been computed. 

To prevent multiple devices from driving the data lines at the same time it is 

important to ensure that the chip enable signal from the ECU interface is 

never left in an undefined state. In a general case the use of pull up resistors 

is recommended, either external or using the internal pull ups of the Spartan 3 

I/O buffers. The microprocessor on the S8 ECU has a memory controller 

capable of handling several memory interfaces and, this controller will most 

likely be able to handle the arbitration. 

4.3.4.5 Pre calculated values 

To store the pre-calculated values the on-chip dual port BRAM [18] was 

configured as a ROM using the Xilinx CORE Generator System (CoreGen) 

[19]. Using the CoreGen utility BRAM modules can be initialized using a 

coe-file [20]. The combustion chamber volume has a period of 360° and thus 

there is no need to store the combustion chamber volume for the entire 

cylinder cycle consisting of 720 CAD. A Matlab script was created to 

calculate γ’ and the combustion chamber volume and convert them to the 

number representation in Table 4.4 at a resolution of 0.1 CAD. The script 

writes this data to a coe [20] file that can be used to initialize the Spartan 3 

BRAM. By using the CoreGen utility the design of the BRAM used in this 

module will be locked to the Spartan 3 architecture. The decision to use 

CoreGen was made due to the ability to easily initialize the BRAM contents. 

To accommodate the use of different sampling rates the module calculates ΔV 

using the current CAD and the CAD where the next sample will be taken. 

This will require extra logic for the module controlling the readout of the pre 

calculated values and knowledge of the spacing between samples. 

The combustion chamber volume in the BRAM is accessed deriving an 

address from the CAD. This approach added some extra logic since the 

combustion chamber volume is only calculated for 0 to 3599
1
 CAD and to 

handle the offset between cylinders
2
. The module was implemented for 6 and 

8 cylinder modes however the mode signal allows four settings that set the 

parameters for the module. When an update of data is triggered the module 

will calculate the BRAM addresses containing the combustion chamber 

                                                 
1
 0 to 3599 is the FPGA representation of 0 to 359.9 CAD. 

2
 The number of CAD between when one cylinder enters a stroke until the next cylinder 

enters the same stroke. 
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volume for each cylinder using the current CAD (CADn) and the next CAD 

(CADn+1) according to equation (4.3) 

 

                                    

          

      
                   
                    

   

(4.3)  

where ΔCAD is the CAD offset between the cylinders and N denotes the 

firing order of the cylinder. As the input to the mod function never exceeds 

              it could be implemented as in Figure 4.7. 

 

FIGURE 4.7, VHDL MOD 3600 MODULE 

The module computes                        and applies the result 

to Port A of the dual port BRAM. Similar computations are performed for 

CADn+1 and applied to Port B. The next clock cycle Port A and Port B data is 

stored to registers along with                  and new addresses are 

calculated as                          . The process is repeated 

until the combustion chamber volume for all cylinders have been obtained. 

The module is controlled by an external controller that provides the current 

CAD, CAD for the next sample, a mode signal setting the cylinder mode and 

a trigger starting the update of pre-calculated data. 

4.3.4.6 Net Heat Release 

The cylinder pressure data input to this module consist of a 16-bit 

representation of the cylinder pressure. To compute Qnet properly the scaling 

of this variable has to be considered. By replacing the cylinder pressure 

variable in equation (2.1) with the ADC 16-bit representation p’ times a 

scaling factor α equation (4.4) can be obtained. 

     
       

 

   
   

         
     

 

   
   

   

 

   

 (4.4)  
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Equation (4.4) can then be rewritten by moving the scaling factor α outside of 

the equation and thus also outside the Qnet module. 

     
        

 

   
  
        

     
 

   
  
   

 

   

  (4.5)  

Equation (4.5) was implemented using registers holding the first and third 

terms and a loadable accumulator for the second term as shown in Figure 4.8. 

Figure 4.8 also shows how the scaling factors in Table 4.4 propagate in the 

design.  

 

FIGURE 4.8, QNET HARDWARE IMPLEMENTATION 

While the read enable signal is low the multiplication results will be loaded 

into the respective registers and the accumulator. Pulling a read enable signal 

high denotes the start of the calculation window. During this window the 

third term register will no longer update its contents and the accumulator will 

start to accumulate its input data. 

The number representation in Table 4.4 proved to be useful when designing 

this module to reduce the amount of dedicated multipliers that were needed 

by replacing the need to multiply two 40 bit numbers (U(16,24)) with only 

having to multiply two 16 bit numbers in the first stage of multipliers. The 

ISE synthesis tool was able to infer the use of dedicated multipliers when 

expressing the multiplications directly in the HDL and thus there was no need 

to use the multiplier primitives. 

2
-23
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4.3.4.7 CA50 

To find the CAD at which 50% of the net heat has been released, the module 

will have to a store full Qnet trace for a combustion cycle and search through 

it to find the value closest to the mean value of the Qnet global maximum and 

minimum [1]. The module is capable of storing and searching through a net 

heat release trace of up to 2048 samples. 

To store the Qnet trace and its corresponding CAD the module uses the on 

chip BRAM of the Spartan 3 FPGA and a FSM to control the data flow. The 

FSM has four states; an idle state, a read state for storing the trace, a state 

setting up the BRAM addresses to search and a calculation state where the 

CA50 is located. The module organizes the BRAM as in Figure 4.9 which 

due to the dual port attribute of the BRAM allows access to four Qnet samples 

and their corresponding CAD simultaneously. This organization made it 

possible to design and implement a search algorithm processing four samples 

at a time. 

 

FIGURE 4.9, BRAM ORGANIZATION FOR CA50 MODULE 
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During the read state the module stores Qnet samples in the Qnet BRAM bank 

and the corresponding CAD at the same address in the CAD BRAM bank 

using a counter to count the number of samples that has been stored. The 

module also stores the greatest and smallest Qnet samples encountered and 

calculate their mean value for use with the search algorithm. 

The search algorithm in Figure 4.10 is pipelined in three stages and attempts 

to find the value closest to its Qnet, mean input. It calculates the absolute value 

of the difference between inputs and the Qnet, mean and passes it to the first 

stage of the pipeline. The algorithm will then compare the differences pair 

wise and let the smallest through to the next stage together with its 

corresponding CAD and at the last stage store the CAD corresponding to the 

smallest difference. 
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FIGURE 4.10, CA50 SEARCH ALGORITHM 

4.3.5 Combining the modules 

When the individual modules had been designed the next task was to 

combine these and design the modules controlling them according to the 

hierarchy in Figure 4.6. Test benches were written for the ADC controller, 

ECU interface controllers and the Combustion Feedback controller and tested 

individually. The results of these test are presented in Chapter 5. 
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4.3.6 Acquisition times 

As the FPGA provides great control down to individual clock cycles it is 

possible to calculate the time it takes the system from acquiring sensor data 

to making computed data available for external devices. Table 4.6 shows the 

time the system needs compute and store a new Qnet value in the ECU-

interface and Table 4.7 shows the time from the end of a Qnet calculation 

window until a new CA50 value is available to external devices, the 

calculation is based on a 60 MHz system clock and acquiring two samples 

per CAD. 

Stage Number of 

clock cycles 

Time at 60 MHz 

system clock 

Start ADC conversion 1 16.7 ns 

Wait for ADC conversion 
1 

710 ns
1 

Read and present ADC 

data 

18 300.6 ns 

Calculate and present Qnet 3 50.1 ns 

Write Qnet data to ECU-

interface 

3 50.1 ns 

Total 25 1127.5 ns 
1
 AD7980 ADC maximum conversion time [10]. 

TABLE 4.6, QNET ACQUISITION-TIME AT 60 MHZ 

Stage Number of 

clock cycles 

Time at 60 MHz 

system clock 

Setup search 1 16.7 ns 

Search through samples 72 1202.4 ns
 

Write CA50 data to ECU-

interface 

5 50.1 ns 

Total 78 1302.6 ns 
TABLE 4.7, CA50 ACQUISITION TIME AT 60 MHZ AND 2 SAMPLES/CAD 

  



38 Implementation 

 

 



 

39 

Chapter 5 Test and verification 

5.1 Expansion board 

Before mounting the FPGA to the expansion board a final measurement of all 

power supply voltages and the ADC reference voltage was performed with a 

multimeter and the voltage regulators did output their specified voltage. The 

ADC reference voltage was however showing a voltage of 8.2 V instead of 

the specified 5 V that had been measured when the ADR435 voltage 

reference had been mounted with only the power supplies. Since the output 

voltage of the ADR435 changed after mounting the rest of the board’s 

components the most likely culprit was the load of the ADR435. 

When analyzing the load of the ADR435 it became apparent that the size of 

the capacitive load had been overlooked. Each individual ADC7980 had been 

designed to use a 22 µF decoupling capacitor at its reference input according 

to recommendations from the data sheet [10]. Using this configuration for 

sixteen AD7980 would yield a capacitive load of                 [21]. 

The ADR435 has a amplifier at its output [12] and the large load capacitance 

could be driving it unstable [21] and to see if this was the case, all of the 

decoupling capacitors for the AD7980 reference input were removed. When 

measuring the ADR435 output it showed that when the decoupling capacitors 

were removed and thus significantly lowering the load capacitance, the 

output of the ADR435 was lowered to 8.0 V which still is much higher that 

the wanted 5 V but still strengthening the conception that the ADR435 load is 

at least part of the problem. 

Another reading of the ADR435 data sheet revealed that in order to suppress 

noise from the ADR435 the output needs to be fed back to a “COMP” pin on 

the ADR435 through a series 10 nF capacitor and a 82 kΩ resistor. To get a 

better measurement an oscilloscope was used to measure the mean and peak 

to peak levels of the ADR435 output. Figure 5.1 shows a printout
1
 from the 

oscilloscope revealing a mean value of 7.85 V and a peak to peak voltage of 

0.68 V. The ADR435 has a voltage noise of 8 µV peak to peak [12] which is 

much lower than the observed 0.68 V. The high peak to peak voltage of the 

measured output combined with the statement in the ADR435 data sheet that 

a high capacitive load can cause noise peaking to occur at certain frequencies 

indicates that even though the sixteen 22 µF decoupling capacitors have been 

removed, the feedback to the “COMP” pin had to be implemented. 

                                                 
1
 The measured values have been enlarged for clarity. 
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FIGURE 5.1, ADR435 OUTPUT. 

To test if the missing feedback to the “COMP” was the cause of the high 

reference voltage a through-hole capacitor and resistor in series were 

temporary soldered to the ADR435 and its output once again measured. The 

measurements showed that the ADR435 output had not changed. To find 

more clues to the cause of the high reference voltage several voltage 

measurements were performed at various pads of the board and among these 

measurements one stood out. The analog input pins (Figure 5.2), only 

connected to the positive input of the operational amplifiers in the driver 

stage of the ADC showed a voltage of 8.6 V.  

 

FIGURE 5.2, SIMPLIFIED ADC DRIVER SCHEMATIC. 

As the analog input is only connected to pins on the board where sensors are 

to be connected these pins had been left floating. Leaving pins on the 

operational amplifier floating will result in that the amplifiers internal 

structure will decide the voltage on its input pin. The analog input was 

connected to ground putting it in a defined state within the common mode 

range of the amplifier and no longer floating. When all analog inputs had 
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been connected to ground the ADR435 output stabilized at 5.003 V according 

to a multimeter. The cause of the high voltage reference very likely due to the 

D1 diode in Figure 5.3 becoming forward biased. 

 

FIGURE 5.3, AD7980 INPUT STAGE 

(image taken from AD7980 data sheet [10]) 

To ensure that the operational amplifiers cannot be left floating, 18 kΩ 

resistors were added to the design terminating the analog inputs to ground. 

One drawback of this design is that it lowers the input impedance making the 

analog inputs harder to drive compared to only having the operational 

amplifiers. This design step was deemed necessary due to the high voltage 

that is being output from the operational amplifiers when they are left 

floating are high enough to potentially damage the AD7980 [10], the resistors 

should however be easy to remove or replace should the need occur. 

Further examination of the power supplies showed that the 9 V regulator 

supplying the operational amplifiers and the voltage reference was delivering 

a voltage of 9.9 V. The 9 V regulator drives the ADA4841 operational 

amplifiers’ positive rail and the ADR435 voltage reference but does not risk 

damaging these components as 9.9 V is within their specified supply voltages 

[11][12]. Having a power supply delivering a voltage higher than specified 

indicates that the load of the power supply might be too low. Using the 

ADA4841 typical quiescent current [11] it was possible to calculate an 

estimate of the current drawn by the operational amplifiers to        

        . A rough estimate can be calculated for the current consumption of 

the ADR435 by using the load current on the reference inputs on the 

AD7980. The AD7980 sinks 330 µA when running at 1 MSa/s using a 5 V 

reference [10], using Ohm’s law and modeling the ADR435 as a resistor a 

rough estimate can be calculated to 9.5 mA bringing the estimate to 28.7 mA, 

or 13% of the power supply’s available current. 
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The XEM3010 was mounted after voltage on the pins connecting the ADCs 

to the FPGA was assured to be within the tolerances of the FPGA. The power 

supply voltages were measured again, the 9 V regulator showed no change 

but the voltage at the output of the TPS79625 2.5 V regulator supplying 

power to the ADCs was held at 3.6 V. Removing the FPGA would lower this 

voltage to 2.9 V. The 2.5 V regulator has an output voltage accuracy of ±2% 

for output currents between 0 A and 1 A [22] and since the regulator powers 

the charge pump inverters providing the driver amplifiers with a negative 

voltage it will always has a current sink on its output. The only location on 

the board where an electrical connection between the FPGA and the 2.5 V 

regulator is possible is inside the ADCs. Examining the AD7980 data sheet 

gave no clear conclusion as to how these paths might be connected to cause 

the leakage of the higher voltage. Since no clear path could be found it was 

deemed very likely that one or more ADCs had been damaged by the high 

input voltage during the time that the operational amplifier inputs had been 

left floating. 

New ADCs were ordered and their individual decoupling reduced to 2.2 μF, 

the 9 V regulator replaced with the Traco Power TME0509S and the 2.5 V 

regulator replaced by the Texas Instruments TPS73625 both specified for 

lower current. The new components were soldered to a new board and after 

having to redo a few solder joints the board voltages were kept within 

specifications. 

5.2 FPGA design 

5.2.1 ADC controller 

The ADC controller was simulated using a test bench emulating the 

AD7980s behavior, the simulation results are shown in Figure 5.4.  

 

FIGURE 5.4, ADC CONTROLLER SIMULATION RESULTS 
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To test the ADC controller in hardware the Opal Kelly Frontpanel framework 

was used. Front Panel modules were added to the ADC controller HDL to be 

able to send and receive data from the Front Panel application. A frontend 

was designed to control the ADC controller and to visualize the data (Figure 

5.5). Clicking the sample data button will trigger the ADC controller to read 

data from the AD7980. 

 

FIGURE 5.5, FRONTPANEL FRONTEND FOR ADC HARDWARE TEST 

Each of the analog inputs were tested by connecting existing board voltages 

to the analog input, using a multimeter to measure the buffered input to the 

AD7980 and then using the Front Panel front end to take a sample. 

The tables below show the ADC reading for two cases, input connected to 

analog ground (Table 5.1) and input connected to 3.3 V (Table 5.2). To 

examine the precision of the ADC a multimeter was used to measure the 

voltage on the analog input, this voltage was multiplied with         

      to translate it to a benchmark for the ADC data. 
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AD7980 

Analog 

input
1
 

Calculated 

ADC data
2
 

AD7980 

data 

 

Difference 

1 0.0000 0 0 0 

2 0.0000 0 0 0 

3 0.0000 0 0 0 

4 0.0000 0 0 0 

5 0.0000 0 1 1 

6 0.0000 0 0 0 

7 0.0000 0 0 0 

8 0.0000 0 2 2 

9 0.0000 0 0 0 

10 0.0000 0 0 0 

11 0.0000 0 0 0 

12 0.0000 0 1 1 

13 0.0000 0 0 0 

14 0.0000 0 0 0 

15 0.0000 0 0 0 

16 0.0000 0 0 0 
1
 Measured with multimeter 

2 
Multimeter value multiplied with ADC scaling factor 13107

 

TABLE 5.1, ANALOG INPUT CONNECTED TO ANALOG GROUND. 

 

 

AD7980 

Analog 

input
1
 

Calculated 

ADC data
2
 

AD7980 

data 

 

Difference 

1 3.3259 43592 43576 -16 

2 3.3258 43591 43560 -31 

3 3.3257 43590 43592 2 

4 3.3258 43591 43599 8 

5 3.3257 43590 43592 2 

6 3.3257 43590 43572 -18 

7 3.3257 43590 43572 -18 

8 3.3257 43590 43578 -12 

9 3.3257 43590 43573 -17 

10 3.3256 43589 43566 -23 

11 3.3256 43589 43576 -13 

12 3.3256 43589 42053 -1536 

13 3.3256 43589 43576 -13 

14 3.3256 43589 43591 2 

15 3.3256 43589 42051 -1538 

16 3.3256 43589 42052 -1537 
1
 Measured with multimeter 

2 
Multimeter value multiplied with ADC scaling factor 13107

 

TABLE 5.2, ANALOG INPUT CONNECTED TO BOARD 3.3 V 
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As can be seen in Table 5.2 ADCs 12, 15 and 16 shows large deviations from 

the expected values. While taking several consecutive samples it was 

observed that all the channels varied between samples even though the 

multimeter reading was consistent. This lead to the suspicion that noise is 

being introduced to the analog inputs from some source that had to be 

identified.  

The analog inputs were connected to ground and an oscilloscope was setup to 

measure the voltage on one of the analog inputs showing that noise had been 

introduced (Figure 5.6). 

 

FIGURE 5.6, ANALOG INPUT NOISE 

Using the FFT
1
 capabilities of the oscilloscope it was possible to determine 

that the noise peaks occurred at around 90 kHz (Figure 5.7) 

 

FIGURE 5.7, ANALOG INPUT FFT 

The frequency of the large noise peaks are in the vicinity of the 90 kHz 

nominal switching frequency of the 9 V regulator [23] and it was suspected 

that this was the source of the noise. To test if this was the case the 9 V 

regulator was temporarily removed and replaced by a 9 V battery, this did 

however not improve the noise on the measured analog input and the 9 V 

regulator was once again mounted to the board. 

The XEM3010 has two on-board switching regulators [8] which could be the 

source of the noise peaks. The XEM3010 was removed from the expansion 

                                                 
1
 Fast Fourier Transform 
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board and since the 5 V supply had been provided from an AC adapter
1
 

connected to the XEM3010 another 5 V power supply
2
 was connected to the 

expansion board. Figure 5.6 shows that when removing the FPGA the large 

noise spikes were removed. The XEM3010 was mounted back onto the 

expansion board to conduct further testing to confirm that the noise spikes 

was due to switching noise from the XEM3010 regulators. Using the 

oscilloscope to measure the noise once again it showed that there was no 

notable change in noise from mounting the XEM3010 (Figure 5.9). The two 

measurements with the XEM3010 gave different results but had been 

performed using different power supplies to the board. That the change of 

power supply would change the noise on the analog inputs led to the 

suspicion that the source of the noise spikes in Figure 5.6 might come from 

the AC-adapter.  

The AC-adapter’s data sheet did not state the switching frequency and it was 

not possible to confirm this way that 90 kHz spikes could be originating from 

it. When trying to read the specifications printed on the AC-adapter it was 

noted that it had been tucked away on top of a AC/DC-converter providing 

power to a laptop and when it was moved the large noise spikes disappeared. 

Also handling the AC-adapter could introduce spikes to analog inputs. 

 

FIGURE 5.8, ANALOG INPUT WITHOUT FPGA 

 

                                                 
1
 Stontronics 3A-124DA05 

2
 Delta Elektronica ES 030-10 
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FIGURE 5.9, ANALOG INPUT WITH FPGA 

From the results in the section above a conclusion can be drawn that the 

analog inputs are very sensitive to the 5 V supply voltage. Both the ground 

and 5 V connections on the board are connected to dedicated and parallel 

planes on the PCB which should offer effective decoupling of the power 

being delivered to the expansion board. A capacitor was mounted between 

the 5 V supply and ground to see if the noise would be reduced, that was 

however not the case. The most likely path for the noise to the analog inputs 

are through the ground planes as the power to the analog side is provided 

through decoupled regulators. 

5.2.2 ECU interface 

A test bench was written to test that the bidirectional data lines to the ECU 

were put in the correct state. Figure 5.10 shows that the data line behaves as 

specified in Table 4.5. 

 

FIGURE 5.10, ECU INTERFACE BIDIRECTIONAL PORT SIMULATION. 

To test the read and write functionality to the interface from the FPGA side in 

hardware Front Panel modules were integrated into the design and a Front 

Panel frontend (Figure 5.11) was designed that enables reading from and 

writing to the BRAM in the interface. Using this module it was possible to 

verify that reading and writing data to the module from the FPGA was 

functioning satisfactory. 

 

FIGURE 5.11, FRONT PANEL FRONTEND READING AND WRITING DATA 

The controller for the FPGA side of the interface was simulated using stimuli 

that would yield predictable contents of the BRAM. The contents were read 

from the ECU side of the interface and compared with the predicted data. The 

simulations showed that the controller was writing data to the correct 

memory cells (Table 5.3). 
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Address 

 

Contents
1
 

Predicted 

data 

Data read on 

ECU-side 

0 Qnet, cyl. 1 MSB 0 0 

1 Qnet, cyl. 1 LSB 1 1 

2 Qnet, cyl. 2 MSB 2 2 

3 Qnet, cyl. 2 LSB 3 3 

4 Qnet, cyl. 3 MSB 0 0 

5 Qnet, cyl. 3 LSB 1 1 

6 Qnet, cyl. 4 MSB 2 2 

7 Qnet, cyl. 4 LSB 3 3 

8 Qnet, cyl. 5 MSB 0 0 

9 Qnet, cyl. 5 LSB 1 1 

10 Qnet, cyl. 6 MSB 2 2 

11 Qnet, cyl. 6 LSB 3 3 

12 Qnet, cyl. 7 MSB 0 0 

13 Qnet, cyl. 7 LSB 1 1 

14 Qnet, cyl. 8 MSB 2 2 

15 Qnet, cyl. 8 LSB 3 3 

16 CA50 cyl. 1 4 4 

17 CA50 cyl. 2 5 5 

18 CA50 cyl. 3 4 4 

19 CA50 cyl. 4 5 5 

20 CA50 cyl. 5 4 4 

21 CA50 cyl. 6 5 5 

22 CA50 cyl. 7 4 4 

23 CA50 cyl. 8 5 5 

24-39 ADC 1-16 data 6-21 6-21 
1 

The 32-bit Qnet data is divided between two 16-bit 

memory cells. The cylinder number refers to the firing 

order. 
TABLE 5.3, INTERFACE CONTROLLER SIMULATION RESULTS 

From the contents in Table 5.3 it is clear that the BRAM storage capacity is 

far from fully utilized
1
 implying that an alternate implementation using 

registers as storage might save resources. Using registers would provide two 

advantages, it frees up BRAM for other applications and removes the need to 

serialize the data written to the interface from algorithms. Such a 

implementation would require more registers for storage but less logic for the 

controller as there is no need to serialize data being written to the BRAM. 

The BRAM implementation was kept as it is a hardware implementation 

capable of storing a large number of arbitrary data offering more flexibility if 

the need to add more data should occur. 

                                                 
1
 Each block RAM of the Spartan 3 FPGA is organized as 18x1024 [9]. 
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5.2.3 Combustion Feedback 

Pressure trace data provided with the Matlab model mentioned in section 

4.3.3 was scaled to 16-bit resolution
1
 and saved to a text file which was used 

as stimuli to the VHDL test bench. The CAD resolution was 2 samples/CAD 

(one sample every 0.5 CAD). The Qnet trace in Figure 5.12 was calculated 

using a Matlab script and data with full MATLAB precision to provide a 

benchmark for the calculations done by the FPGA. This data was also used to 

identify the CA50 in Table 5.4. Note that the resulting Qnet trace is not scaled 

back to its original scale. 

 

FIGURE 5.12, MATLAB QNET BENCHMARK 

 

Crank angle of 50% heat released 

15.5° 

105.5° 

195.5° 

285.5° 

375.5° 

465.5° 

555.5° 

645.5° 
TABLE 5.4, CA50 BENCHMARK. 

                                                 
1
 Scaling was done by finding the maximum cylinder pressure value and calculating a scale 

factor so that this maximum would correspond to 65535 (2
16

-1). 
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Each time a new Qnet value was calculated by the VHDL code the VHDL test 

bench writes the Qnet value and its corresponding CAD to a text file. This text 

file was imported into Matlab and plotted for comparison with the benchmark 

in Figure 5.12. Figure 5.13 shows that the Qnet trace calculated by the FPGA 

simulation is very close to the Matlab benchmark and the difference between 

them was calculated showing a maximum difference between traces as 0.006 

as shown in Figure 5.14. The offset in percent shown in Figure 5.15 shows 

however that at some points the result from the FPGA differs by as much as 

almost 450 %. Further analysis of the data showed that the large spikes in the 

offset only occurred when the Qnet value was very close to 0 and that they are 

limited to 0.00017 % of the maximum value. Table 5.5 shows the mean 

deviation in percent over two intervals. 

 

FIGURE 5.13, QNET TRACE CALCULATED BY FPGA. 
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FIGURE 5.14, FPGA ALGORITHM OFFSET FROM BENCHMARK 

 

FIGURE 5.15, FPGA ALGORITHM OFFSET FROM BENCHMARK, [%] 

 

Qnet window, [CAD 

relative to TDC] 

Mean deviation from 

MATLAB benchmark 

-45° to 90° -0.5 % 

0° to 90° -0.003 % 
TABLE 5.5, QNET ALGORITHM PERCENTAGE DEVIATION 
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The CA50 values calculated by the FPGA could be read directly from the 

simulations (Figure 5.16) and compared to Table 5.4 showing that the CA50 

module performed its calculations correctly
1
. 

 

FIGURE 5.16, CA50 VALUES FROM SIMULATION OF COMBUSTION FEEDBACK 

 

                                                 
1
 Due to the representation of the CAD in the FPGA (section 4.3.3) the value read from the 

simulations should be divided by 10. 
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Chapter 6 Concluding remarks 

6.1 Summary 

A FPGA-based platform offers great amounts of computational power and 

flexibility during development and research. The platform offers research and 

development teams the ability to try and test a multitude of algorithms and 

strategies without having to completely design and build hardware for all 

different test cases. The platform that was built during this thesis contains 

building blocks that takes care of interfacing outside the FPGA, obtaining 

samples of analog signals, providing an interface for external devices to read 

data from the computations performed in the FPGA and the ability to transfer 

data to a computer for further processing and analysis. Algorithms for 

computing net heat release and the crank angle at 50 % net heat released for 

up to eight cylinders was also implemented and simulated showing that it is 

possible to provide the ECU with new data to be used in feedback loops to 

hopefully be able to more efficiently control the combustion process. Due to 

not having cylinder pressure sensors available during the time of the thesis it 

was not possible to try and test the combustion feedback parameter modules 

in a real engine, however simulations show promising results. 

This thesis has been part of the evaluation of introducing an FPGA-system 

into production engines and is a step towards being able to test the 

possibilities that an FPGA offers. Further work – outlined more in the section 

below – will consist of implementing different strategies and algorithms to 

find if the introduction of an FPGA in production vehicles is a suitable 

choice. The section on future work also contains pointers to moving closer to 

a full implementation of an FPGA in production units. 

6.2 Future work 

6.2.1 PCB layout 

If more copies of the PCB are to be produced it is recommended that some 

thought be put in to reducing the noise on the analog inputs coming from the 

5 V power supply. 

6.2.2 Fine tune FPGA 

Due to time reasons it was not possible to fully optimize the FPGA design. 

To optimize the design it is necessary to fully analyze and implement 

constraints on important signal and clock paths to ensure that if the design is 

changed the tools-chain used to create the bitfile can detect timing violations 

and warn about these accordingly. The system is also designed to be able to 
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interface with any device capable of implementing a memory mapped 

interface leading to some electrical considerations. The Spartan 3 FPGA has 

the capability of using a multitude of signaling standards and several drive 

strengths on its I/O blocks, when interfacing to an external device setting 

their parameters properly can lead to a reduction in the power necessary to 

power the interface. The reduction of power usage may not be detrimental in 

a laboratory or test environment it will however be useful when 

implementing a FPGA in a production unit. 

6.2.3 CAD 

The algorithms used to calculate the net heat release requires knowledge of 

the cylinder volume which in turn is a function of the current crank angle and 

requires a module keeping track of it. Such a module was not designed during 

this thesis and is left as a thesis to be performed by a new thesis worker. 

There are examples of other uses for keeping track of the crank angle as well, 

for example the injection timing is controlled by the crank angle and the 

author feels that it is an interesting subject of evaluation to move some 

injection related tasks from the ECU to the FPGA.  

6.2.4 Expansion boards 

The I/O pins of the FPGA have been routed directly to connectors on the 

PCB. As the development platform has been designed to be flexible the 

connectors are marked with generic names and numbers. It is a 

recommendation that an expansion board is designed and mounted on these 

connectors
1
. An example would be that an expansion board for connecting to 

the S8 is designed having separate connectors for the address, data and 

control signals reducing the risk of a user connecting cables on the wrong 

pins. An expansion board is also suitable if the need for a 5 V signaling 

interface is necessary as the FPGA only handles signaling standards up to 

3.3 V. 

6.2.5 Crossing clock boundaries 

This section is directed mainly at moving towards a production unit 

implementation. 

The XEM3010 board has its own oscillator and a PLL synthesizing clocks to 

the FPGA while an ECU connected to the development platform will have its 

own oscillator or clock source. Communicating between the two devices 

introduces the need to cross this boundary and has been solved in the 

implementation of the ECU interface in this thesis. Future implementations 

                                                 
1
 A PCB foot print has been designed for this purpose. 
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should however examine if it is possible to use the same clock source for the 

FPGA and the microcontroller in the ECU to enable an easier crossing. It 

should however be kept in mind that even if the source of the clock signals is 

the same, routing delays must be taken into account and proper buffering of 

the clock inside the FPGA. 

6.2.6 Logging tools 

No implementation making use of the current logging tools has been done. 

The development platform does however have free I/Os available and thus 

the possibility to design a FPGA module and connecting it to GPIO-pins 

exist. One suggestion for logging is implementing a CAN-controller and 

mounting/connecting a CAN-transceiver to the PCB. 
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Using the System 

This appendix presents some notes on using the development platform. 

Hardware notes 

The analog inputs of the board are terminated using 18 kΩ resistors mounted 

between the pins of the input. When using the development platform, this 

termination should be considered and if needed replaced with another type or 

size of termination. 

As found in section 5.2.1, the analog inputs are subjected to noise coming 

from the 5 V power supply to the board and care should be taken to provide 

the development board with an as clean as possible supply to minimize noise 

in measurements. 

The GPIO connector on the development board has been designed to allow 

for an expansion board to be mounted on top of them and schematic files and 

footprint for such a expansion board has been designed. Such an expansion 

board can for example be used to mount level translators if interfacing to a 

device signaling at over 3.3 V. 

Using the VHDL modules 

Each of the functional VHDL modules have their own user guide to allow a 

fast implementation of the module in a custom design without the need to 

have extensive knowledge of how the module functions. It is recommended 

that a custom memory controller is implemented to the ECU-interface to be 

able to optimize the serialization of data being read from or written to the 

interface. 

Programming the FPGA 

The preferred way of programming the platform is using the Front Panel 

front end and downloading the bit file using USB. This requires that the Front 

Panel software and device drivers are installed on the computer that 

configures the device and a USB connection between the computer and the 

FPGA. The FPGA will lose its programming when the power is lost, the 

XEM3010 is however equipped with a Xilinx PROM in which the bit file can 

be stored and the FPGA can load from at start up removing the need to 

reprogram the device on each power up. This is described in the XEM3010 

user manual. 
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Front Panel front end and API 

To observe end point modules [7] in the FPGA the Front Panel software uses 

XML
1
 to construct front ends like the one in Figure 5.5, the Front Panel user 

manual describes the syntax. The XML developed during this thesis together 

with Opal Kelly examples can be used as a starting point to develop a front 

end. 

The Front Panel API and its documentation is provided with the XEM3010 

drivers and can be used to write custom application interfacing with end point 

modules in the HDL. The API is available with wrappers for several 

languages, refer to the Front Panel user manual for how to implement it. 

Front Panel enables implementations of large bulk transfers of data using the 

Pipe In/Pipe Out and Block throttled Pipe In/Pipe Out which for example can 

be used together with the on-board SDRAM to store and transfer complete 

traces of data to a PC. 

                                                 
1
 eXtensible Markup Language 


