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Different types of machines are tested utilizing so called Hardware In the 
Loop simulation. To perform HIL-simulation a rig is used consisting of 
different types of hardware and software. Some of the hardware that are 
used during a simulation is located inside an EMS box. The box has been 
updated several times since 2004 but no documentation of changes has 
been made which has resulted in some issues that occurs during 
simulations. During this project a new structure of the EMS box has been 
designed with modifications to eliminate existing problems, prevent 
similar problems to occur in the future and improve the usability of the 
system. A simulation was performed on the camshaft to test if there were 
any improvements. Most issues were solved but there were one problem 
that remained.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





Populärvetenskaplig sammanfattning 
Fordon består idag av många olika komplexa system. Systemen används för att uföra diverse 

olika handlingar. På senare år har användandet av datorer ökat tillsammans med teknologins 

framgång. Ett exempel är att med hjälp av sensorer och aktuatorer känna av väglaget, mäta 

avstånd till olika objekt och därmed beräkna bromssträckor till objekten, för att eventuellt 

automatiskt kunna bromsa in automatiskt och undvika att olyckor sker. Innan ett system kan 

tas ut på marknaden måste det testas och verifieras. Detta kan göras med hjälp av så kallad 

HIL-simulering. 

HIL-simulering är ett kraftfullt verktyg för testning, utveckling och verifikation av system. 

Det kan användas till att testa allt från småelektronik till stora motorer. Detta utnyttjas inom 

många industrier och hos fordonstillverkare. Huvudkonceptet med HIL-simulering är att 

simulera en omgivning för en viss komponent. På så sätt ger det möjlighet till att utföra 

extrema simuleringar på komponenterna. Att utföra tester i verkligheten hade kunnat leda till 

att utrsutningen skadas. Med en HIL-simulering kan detta göras på ett effektivt och säkert 

sätt.   

På Volvo Penta AB används HIL-simulering för att kunna simulera åtskilliga komponenter 

men även för att testa olika temperaturer, tryck, och vätskenivåer. Detta utförs i en HIL-rig 

som består av både hårdvara och mjukvara. I rigen finns en låda som är benämnd EMS-lådan. 

Lådan har sedan 2004 åtskilliga gånger uppdaterats och ändrats. Detta har medfört att det 

interna i systemet är ostrukturerat. I lådan finns det en mängd med olika kablar som är 

omarkerade och går okontrollerat genom lådan. Detta leder till problem när t.ex simuleringen 

ska utföras eller en uppdatering ska ske. Diverse störningar påverkar en del simuleringar och 

att felsöka den interna kretsen är problematiskt.  

Problemen ska lösas med en ny design där både den interna och externa strukturen ska 

designas om för EMS-lådan. Den nya designen ska förbättra användbarheten av systemet samt 

eliminera de större störningar som leder  problem under simuleringar.  

Den slutgiltiga prototypen lyckades åtgärda de större problemen som existerade sedan 

tidigare. Ett problem som upptäcktes i det gamla systemet var lite störningar vid testet av 

kamaxeln. Detta gick till en början inte att åtgärde men sedan upptäcktes det att det var ett 

jordfel vilket ledde till att det uppstod störningar i sensorn som användes för att mäta på 

kamaxeln. 
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1. Introduction 
Modern day vehicles consist of many sensors and actuators controlling various mechanisms. 

These need to transfer a substantial amount of information between each other to perform 

certain movements and actions. It is of great importance for this to be done accurately without 

the loss of information and in very short time spans. Transferring all the information from a 

sensor to an actuator without losing information in the process is therefore crucial. The most 

common and preferable way of achieving this successfully is by using a computer. However, 

with the help of a Controller Area Network (CAN) bus it is possible to do all of that without 

the need to use a host computer. The CAN bus is used for testing various machines and 

components of vehicles and has a distinctive role in the testing of the systems.  

Before manufacturing and selling a machine it needs to be tested and verified. These tests can 

be performed with so called HIL-simulation to determine the machines attributes. With the 

help of LabVIEW an environment can be simulated for the machine to be examined. The 

program creates an environment where the impact of different factors such as temperatures, 

pressures, fluid levels can be tested on the machine and subsequently show how the machine 

operates in different scenarios and determine its characteristics.  

HIL simulation is performed in a rig that consists of several key components where some 

fundamental flaws have been detected. The rig's setup has been changed and updated over the 

years which has led to a mess inside. Not only does this lead to rudimentary issues when 

carrying out different simulations, but there are also issues with  several of the connections 

that are used to perform a simulation where many things can go wrong. Disturbances from 

various sources can at some occasions impact the signal conditioning which then would result 

in simulation issues. With this in mind, the connections and wirings need an update and 

therefore a new setup is needed. Thus a remodelled and improved Engine Management 

System box structure was designed to eliminate those issues. 

A test simulation was performed on the old box to examine what kind of noises existed. The 

objective was to focus on the EMS box containing both hardware and software for 

verification and validation but also involving hardware in the loop based testing. This kind of 

testing is performed inside a HIL-rig which contains many parts. For this project it is limited 

to the EMS box, the external connections, internal connections, data acquisition and signal 

conditioning. 

Throughout the years many subsequent changes and updates has been made to the hardware 

which has contributed to an unorganized system. Restructuring and updating the previous 

setup will provide a more practical and efficient design with more convenient connections, 

robust fault injection with better data acquisition and signal processing. 
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2. Background 
EMS software for verification and validation involves hardware in the loop based testing. 

HIL-testing is performed using a HIL-rig that has capabilities to provide physical interfaces 

for connecting EMS, sensors, and actuators. HIL-rigs are also capable of simulation and or 

emulation of sensors and actuators as well as plant model simulations. 

The Powertrain Electronics department at Volvo Penta AB has developed such a HIL-rig. The 

rig’s fundamental hardware has been updated several times during the years which have made 

it unstructured. Now it is time to update the structure and architecture of the box. The target is 

to update the rig’s hardware that makes it possible to perform simulations in less time. The 

HIL-rig is built with in a 19” cabinet, with rack boxes containing the different control units 

and external equipment. 

Today, an EMS box is serving as a physical interface for EMS, sensors, and actuators. For 

some configuration an external EMS box is connected for external equipment. The 

department is interested in upgrading this box with one that is capable of providing more 

convenient wiring harness and robust fault injection, data acquisition, and signal conditioning. 

And easier to maintain and fault trace. 
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3. Theory 

3.1 Controller Area Network (CAN) 

CAN bus is a widely used application mainly applied in vehicles such as cars, trucks, 

airplanes, trains but also in various types of industrial machines. Modern day vehicles consist 

of several subsystems and may have as many as up to 80 electronic/engine control units 

(ECU). This means a lot of information passes through the vehicle while it is in operation 

where several sensors and actuators need to cooperate with each other to perform different 

actions. Some examples of areas of applications in vehicles are auto start/stop, electric park 

breaks, ABS-systems, parking assistant, and much more. 

CAN is a data bus mainly used for vehicles that enables the devices and microcontrollers in 

the vehicle to pass through information and communicate with each other without the use of a 

host computer. It was originally introduced in automobiles that had multiple electronic control 

systems that consisted of a substantial amount of electrical wirings. Slowly over the past years 

industries started discovering the efficiency and benefits of a CAN bus where its functionality 

proved to be useful in more than just automobiles. Due to the versatility of the CAN bus it is 

used in multiple different applications in industries today.  

3.2 Actuators and Sensors 

An actuator is a component in a machine that creates motion or controls a system or a 

mechanism. It is controlled with a control signal that it receives from a form of source. It 

needs an energy source in order to be able to move. The energy source could be of different 

forms, most commonly used is electric voltage or current, hydraulic or pneumatic pressure, at 

some cases even human interactions. Once the actuator receives a signal it converts the energy 

to a mechanical motion. Usually an actuator cooperates with sensors that send any form of 

signal to the actuator. A sensor is an electric device that can detect and measure the 

environment for a specific purpose. The measured value will then send an electric signal to a 

receiver.  

3.3 Hardware-In-the-Loop (HIL) simulation 

HIL-simulation is a simulation technique used for development and testing of control systems. 

An environment can be simulated with the help of software to test different aspects of a 

machine. The machine is connected to a control system through sensors and actuators. With 

HIL-simulation, the machine is disconnected from the rest of its body where the body, also 

called the plant, is simulated instead. A well designed HIL-simulator can very accurately 

mimic the plant and simulate different scenarios and environments around the machine and 

push the engine to its limits. With a HIL-simulator it is possible to run tests that would harm 

the plant, destroy it or harm any people using that certain machine in a real life situation. This 

is mainly why HIL-simulation improves and enhances the operation of machines. These are 

not the only benefits of using HIL-simulation. Not only does it increase the safety, it enhances 

the quality, saves the tester money and time and also includes human factors that could occur 
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in a real life event. This utility is a key component for many manufacturers that produces and 

develops different types of machines. A simple illustration is shown in Fig 1. 

 

Figure 1. HIL-simulation functionality 

3.4 LabVIEW 

LabVIEW is a programming platform and development tool for visual programming. Unlike 

conventional programming languages where programs are written in text, LabVIEW uses 

built in graphical blocks, called virtual instruments (VI) where each one of them has a specific 

purpose. Each block (VI) has certain inputs and outputs depending on which VI is being used. 

The VI's can cooperate with each other and become a program serving a certain function.  

3.5 DAQ (Data Acquisition) 

Physical and electrical phenomenon’s can be measured, processed and sampled into signals 

and convert it to digital values for a computer to manipulate it and use the information. This 

entire process is called data acquisition. To be able to measure and acquire data a sensor is 

used. The measured signal will then be sent to any sort of DAQ measurement hardware that 

uses signal conditioning and converts the analog signals into digital signals with the help of an 

Analog-to-Digital converter (ADC). Signal conditioning is the term for manipulation of an 

analog signal to obtain any specific requirement for the next stage of use and is most 

commonly used in Analog-to-Digital converters. Once the signal has been converted to a 

digital signal it can then be used by a computer with programmable software for any purpose 

intended. The key components of data acquisition can be summed up to a sensor, a DAQ 

device and a computer. 
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3.6 ECU/ECM 

An engine control unit (ECU), also known as an engine control module (ECM), controls 

several actuators inside an internal combustion engine with the help of an electronic control 

unit. It ensures the performance of the engine is at its optimal capability. Since the engine 

control unit
1
 is controlled by an electric control unit it is easy to add, replace or improve 

functions in the vehicle. The electric control unit is the term for a programmable embedded 

system that controls electrical systems or subsystems in a vehicle. 

An ECU is an embedded system built with both hardware and software that controls one or 

several functions in a vehicle. Since it's programmable functions can easily be added, 

removed, diagnosed or improved. The usability of an ECU caused many automotive and 

industrial manufacturers to use ECU's in their vehicles and machines. Due to its multi 

functionality it can reduce the amount of wirings in a machine and lower the costs but also 

improves the usability.  

3.7 Beckhoff  Module 

The Beckhoff module used in the rig is a model BK5120. It is connected to a Bus Coupler and 

a Bus Terminal. The Bus Coupler is connected to a host computer that can acquire and send 

digital signals. Those signals needs to be received and transferred from a computer and is 

done through the Terminal Controller which is the module. It allows signals to be received or 

sent to which terminal it is supposed to send information to. The Bus Terminal is where all 

the signals are connected. It is the module that generates the necessary signals from the 

computer.  

3.8 Noises and Signal Processing 

When performing any sort of test in the real life it will not have the same results as it would in 

theory. Experimental results differ from theoretical results which results in errors. This is due 

to the fluctuations in the environment and atmosphere. There are several reasons to how 

disturbances can influence and impact the results. What could cause the errors can be summed 

up in two categories, systematical error and randomized error. Systematical errors affects the 

measurements in a consistent way by a certain amount and can be measured whereas random 

errors are unpredictable fluctuations affecting the results which leads to different variations in 

the measurement.  

In signal processing these errors are called noises. They can either be known or unknown. It 

occurs in both digital and analog instruments and affects the signals and data that are being 

transmitted. The cause of the noise depends on what type of signal is being transmitted. It can 

have various kinds of sources like vibrations, magnetic fields, sound, electrical equipment, 

radio antennas, etc. The source of disturbances could be many things. It is therefore necessary 

to be able to identify which noises are coming from which source. If it is possible to identify 

the source it is in most cases also possible to cancel out most of the noises. Systematical 

errors can usually be traced to its origin. Random errors on the other hand can be troublesome 

to track and in turn locate its source.  

                                                           
1
 The engine control unit is supported by an electric control unit. 
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3.9 Camshaft and Crankshaft 

The camshaft is the shaft where a cam is connected to poppet valves. The cam itself is a 

rotating component that presses up and down on the poppet valves. The poppet valve is a 

valve that is used to control how much fuel should be injected to the pistons and the timing of 

it. Inside an internal combustion engine, such as a petrol engine or a diesel engine, the 

camshaft operates the poppet valves. The cam is a rotating component that creates rotational 

motion. Half of the cam is circular and the other half oval. The poppet that is connected to the 

cam does nothing when the cam rotates on the circular part. Once the poppet hits the oval part 

of the cam it converts the rotational movement into reciprocating motion. This leads to the 

poppet valves to move up and down and inject fuel into the pistons with certain timing. An 

illustration of how it looks is shown in Fig 2. 

 

Figure 2. Camshaft parts and their movements 

The crankshaft is a mechanical part of an engine. It is connected to the pistons where it 

converts motion between rotational motion and reciprocating motion. When the piston moves 

up and down it creates a motion, a reciprocating motion that can be utilized. The pistons are 

connected in a certain way to an axis that it generates a rotational movement when the pistons 

moves up and down. The axis converts the reciprocating motion to rotational motion. An 

illustration is shown in Fig 3. 

 

Figure 3. Crankshaft parts and their movements 
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3.10 Johnson-Nyquist noise  

Johnson-Nyquist noise, also known as thermal noise, is a type of electrical noise generated by 

the charges inside electrical conductors. The charge inside the electrical conductor causes 

thermal agitation at equilibrium regardless of voltage level since it is a result depending on the 

room temperature. This kind of noise is always present in electrical circuits on a smaller o 

greater level. Johnson-Nyquist noise is randomized like many other forms of noises in the 

nature. This makes it impossible to predict the shape of the waveform which causes issues 

where it is not possible to reduce the effect of it by either cancellation or any other method.  

The noise voltage Vn can be calculated by using Eq 1. 

  
                      (1) 

Where kb is the Boltzmann’s constant in J/K and is 1.38 x 10
-23

 J∙K
-1

, T is the resistor’s 

temperature, R is the resistance of the resistor in Ω.  

If a given bandwidth is known the noice voltage Vn can be calculated with Eq 2. 

  
                     (2)  

Where Δf is the bandwidth in Hz. From Eq 2 it can be observed that the noise voltage depends 

on the bandwidth, the temperature of the resistor and the resistance. 

During a short circuit the resistor dissipates a noise power that can be calculated with Eq 3. 

   
  

 

 
                 (3) 

The noise current can also be calculated by taking the Norton equivalent where the noise 

voltage is divided by the resistance of R. It can be calculated using Eq 4.  

   
√       

 
  [A]      (4)  
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4. Method 
The HIL-rig consists of many hardware components, wirings and connections, which can be 

seen in Figure 1. While working with the rig some fundamental theory about the hardware 

inside the EMS box had to be studied according to the project plan. In other words all the 

hardware components, connections, loads and circuit diagrams were studied to better 

understand how everything works and how they are connected. There are different kind of 

loads that are tested with the rig, such as sensors, actuators, injectors and turbos, hence some 

background knowledge were necessary. 

After inspecting the box, several problems were obvious indicating an update is necessary. 

However, the visible problems were not the only inconveniences with the old box. Therefore 

interviews were made with the employees working with the rig. That lead to a clear picture of 

what problems existed with the rig. Some of the issues with the current setup are lack of 

traceability inside the box, issues while troubleshooting the system, some minor difficulties 

while performing short circuits or measuring voltages, extensive amount of connections on 

the external side of the box, disturbances while performing some simulations and difficult to 

measure between connections on the terminals. By inspecting all the issues with the old box it 

was possible to highlight which issues were related to each other and how to solve it.  

Many other companies use rigs similar to the one used at Volvo Penta, but with various types 

of solutions. To inspect the existing solutions at other companies, two study visits at Volvo 

Group Truck Technology and Elgotech AB were done. This resulted in the discovery of 

methods and possibilities on how to approach the existing issues. Moreover, by studying the 

companies rig’s it was possible to discover if the solutions could be improved and 

implemented for this rig’s system. Many refined ideas and solutions were revealed during 

those study visits which lead to better planning on how to solve most of the issues and how to 

approach a new design. To better understand all the hardware and the system is setup, the 

HIL-rig is shown in Fig 4.  
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Figure 4. HIL-rig setup 

Once the interviews were completed, the engineering of a solution began. The external layout 

was designed first. Due to the amount of harnesses inside the EMS box, consideration to the 

inside had to be taken while designing the external layout. Since both the internal and external 

layout is dependent on each other, the working process went back and forth between the 

external and internal parts. For instance, one issue on the external side of the system was the 

amount of connections connected to the box. Those are the connections used to test different 

loads. Provided that it would improve the functionality of the system and needs refinements, 

an idea was to merge all the connections into a single connection. Having said this, it was 

solved by recalculating and recombining the existing connections. Thereby, the simulations 

were improved where only one connection is now required to be connected to a load box, 

coupled with some improvements to the simulation results. Since several types of loads are 

tested it is of great benefit not having to worry about which connection should go where. This 

has a direct impact on the functionality of the system.  

It was necessary to analyse how many pins all of the different variants of loads uses since 

each pin transfers a signal. In the old box there existed nearly a dozen different kinds of loads, 

this amount will increase in the future due to the technological development. With this in 

mind, it is necessary to have unconnected pins on the new connection providing the ability to 

add new signals. This makes it possible to add loads to those pins in the future in case new or 

different kind of loads needs to get added. Nonetheless, by analysing the amount of pins 
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required in the previous setup it was possible to decide how many pins the new connector 

should have. Volvo has their suppliers for connectors and wirings and they were contacted 

once the analysing of the pins was finished. 

Different kinds of connectors were examined to make sure it would fit the rig. Since the 

connecter predictably will get connected and disconnected fairly often, it was preferred not to 

choose a connector that gets mounted with screws or bolts to the EMS box. This narrowed 

down the amount of available alternatives. Not only does the connector need to have the 

availability to connect several pins to it but it also needs some sort of traceability. Another 

important factor that needs to be taken in consideration is that it is crucial for there to be some 

sort of markings of which pin transfers which signal.  

The final prototype could now take form. It was supposed to eliminate most of the existing 

problems, which it also did. However, one flaw was noted while breaking down the design of 

the new box. Previous there were several connections that were connected to different type of 

loads. This made it easy to test a single separate load. With the new box however, all 

connections were implemented into one connection and the ability to test a single load was 

lost. This is not the only drawback with the new prototype. Since there are different kinds of 

loads that are tested, it will require a load box to be manufactured for each type of load, which 

will result in a lot of load boxes. By doing this it will be easier to test a load but not as easy to 

test a single component. It will require some sort of storage for all the different loads and 

could end up being immense spaces all the load boxes will require for storage. This could 

potentially lead to some issues in the future but this was a compromise that had to be taken to 

for this prototype.  

One issue with the new design was that it is a concept. Therefore no load boxes exist today 

with only a single connection to it. However, one test on the camshaft could be performed on 

the old box testing the data acquisition and signal conditioning. Moreover, along with the test 

on the camshaft other tests were performed on the box such as durability, traceability and 

functionality. This was done to make sure it would stay intact while working with hit. While 

testing the camshaft with the old box some disturbances occurred in the form of noises. 

Consequently, these tests revealed additional information that would came to be of great 

interest.   
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5. Results 

5.1 Frequency to RPM ratio with noises 

By applying a square wave with a certain frequency a RPM on the engine can be simulated. 

The RPM for the lower frequencies are presented in Table 1. It can be observed that when a 

low frequency is simulated, the RPM gets affected due to the noise which leads to the RPM 

fluctuating. 

Frequency [Hz] Revolutions per minute [RPM] 

0 1 
1 0-900 

Table 1. RPM response for different frequencies with noise  

5.2 Noises during camshaft simulation 

In Fig 5 the noises in the old box is presented. It can be noted that the noise does not appear to 

be of a randomized order, hence it is a systematically error.  

 

 

Figure 5. Noises during the camshaft simulation without proper ground 

 

 

 



 
13 

5.3 Calculated results of Johnson-Nyquist noise 

In Table 2 the calculated results of the Johnson-Nyquist noise is presented for all the different 

resistors that are mounted on the inside.  

Resistance 

temperature [K] 

Bandwidth [Hz] Resistance [Ω] Noise [μV RMS] 

303 1 330 0,0023 
303 1 390 0,0025 
303 1 1000 0,0041 
303 1 2200 0,0061 
303 1 40 000 0,026 

Table 2. Noises in the circuit depending on the different resistors in the circuits 

 

5.4 Previous setup compared to the new prototype  

In Fig 6 a simplified schematic is shown of the external connections of the old box. In Fig 7 a 

simplified schematic of the new protoype box is presented. By comparing Fig 6 and Fig 7 it is 

clearly shown that the amount of wires from the HIL to the EMS box has been reduced from 

four to one. It can also be noted that in the previous setup there are several connections that 

are connected to the different load components that are tested, whereas in the new protype the 

loads are placed inside a load box which simplifies the simulations and reduces the amount of 

wires and connections required. 

         

Figure 6. External connections of the old box     Figure 7. External connections of the new box 
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5.5 The front and back design of the new protoype  
The external layout of the new prototype is presented in Fig 8 and Fig 9. On the front side, 

which is presented in Fig 8, there are only two connections, one from the EMS box to a load 

box and one from the HIL to the EMS box. The connection from the EMS box to the load box 

is a 62 pin male contact. The total amount of pins that are currently used between the EMS 

box and the different loads are 44. Thus a contact with more than 44 pins was necessary.  

The connection from the HIL to the EMS box is a female multi pin power connecter with at 

least 55 pins available. On the middle a connector pad is located which makes it possible to 

measure voltages, perform short circuits, without the need to measure or perform actions 

inside the box. In Fig 9, which is the back side, there are not many connections. There are 4 

CAN ports and two holes for the EMS wires to exit. These connections are connected to a 

fixture above or below the EMS box where the fixture is used to connect the engine control 

unit. 

Figure 8. Front side of the external layout of the prototype 

 

Figure 9. Back side of the external layout of the prototype 
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6. Discussion 

6.1 Old box compared to the new box  

The old box had a unique but reasonable design, but there were some fundamental issues with 

the system. On the inside the connections had lack of traceability and there were a cluster of 

connections. This contributed to noises, voltage drops, disconnections and were time 

consuming while troubleshooting the internals. Moreover, the external connections that were 

connected to the different loads were randomly located on the front and the back side of the 

rig. While performing simulations with the old box the loads were placed on the floor. This 

was not the ideal thing to do when simulating valuable engine parts. Having said that, the new 

design made it possible to create a load box where all the loads were placed inside it and 

placed inside the rig while simulating. By doing so it ensures that the parts from no longer 

having to be placed on the floor or other possibly unsafe locations. By inspecting Fig 1 it can 

be noted that some parts are located around the rig on the floor.  

By redesigning the internal structure many issues can be solved. For instance, many wires 

were intertwined and the signals had an impact on each other resulting in some errors. Sorting 

them out will reduce most noises. Despite this, it is still possible to perform simulations. Most 

importantly, the biggest impact the new box had on the rig is that it is now a lot easier to 

perform a simulation. This is due to the simplification that the new box has. Instead of 

connecting separate loads to the connections it is now possible to just place a load box and 

connect a single connection and perform simulations. 

6.2 Different kind of rig solutions 

There are many different varieties of solutions to a rig-setup where it is possible to digitalize 

the rig. It is possible to do this by using circuit boards. A similar solution exists at Volvo GTT 

where the rig is connected to a main server. A laptop can be connected to the server and 

perform simulations remotely and also makes it possible to perform different kind of 

simulations or change between different setups. With a software based rig it would have been 

possible to restructure and reprogram the setup and the internal parts of the EMS box to 

perform different simulations with different types of loads. The ability to manually change the 

setup is a necessity for the system since different kinds of loads are tested. With a digitalized 

rig it is even possible to do simulations wirelessly from any location. This gives the developer 

the opportunity to perform simulations at any time regardless of their location. This was not in 

the scope for the thesis but would have been a splendid solution to some of the existing 

problems.  

6.3 Impact of signal disruption and noises  

Due to the amount of wirings that are located inside the EMS box signal disruption occurs. 

Many wires transmitting different kinds of signals were intertwined and some are still today. 

Moreover, not only does it lead to signal disruption and disturbances, coupled with the 

fluctuations it lead to some components not working properly. Since there were disturbances 

in the old box some components did not function as they were intended to. At certain 

occasions it caused simulations getting impacted in a noticeable way. For instance, since the 
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various signals could not be transmitted properly, voltage drops were obtained. As a result 

components and loads like sensors stopped functioning at certain occasions. The fluctuation 

did not have to be of a critical matter. Provided that the noise had an impact on the signals, 

voltage drops as low as 0.01V could cause a very significant difference in the result while 

testing some sensors.  

With the help of HIL-simulation both the camshaft and crankshaft could be simulated in the 

rig. By applying a pulse wave it simulates a certain RPM. By choosing different frequencies it 

is possible simulate different RPM levels. The RPM is linear to the frequency, increasing the 

frequency increases the RPM and vice versa. However, one interesting simulation was 

performed on the camshaft. Due to disturbances that were obtained there were some issues 

while simulating the RPM. As seen in Fig 5 the noise has an amplitude of approximately 

0.01V. Despite the noise being on a minimal scale it still had an impact on the simulations. In 

certain situations when lower frequencies were generated the output showed different RPM’s. 

A test with the old box was made by applying a four Hz square wave that was supposedly 

going to simulate two RPM.  The module on the other hand could not recognize this type of 

square wave from the computer due to noises and instead resulted in the RPM fluctuating in 

the range from 0-900. By inspecting Table 1 the noise indicates that it has an obvious 

influence while performing a simulation. However, this issue was recently discovered in the 

old box and a theory was that this would be solved with the new setup. When simulating zero 

RPM on the computer the module still delivers one RPM, which it should not. Several tests 

were made with the elder setup to find out why this issue remained. Provided the information 

I had from the previous setup it was thought that the connections on the inside of the box had 

caused this and the new box would eliminate it.  

By inspecting the noise it did not seem to be randomized, it seemed more like it was a 

systematical error. With this in mind, one particular theory that seemed to be the root of the 

noise were that it could be Johnson-Nyquist noise. This kind of noise is very similar to the 

noise shown in Fig 5. The Johnson noise however is dependent on the resistors and the 

temperature. By inspecting Table 2 the voltage of the calculated noise is significantly lower 

than the noise discovered in the system. But comparing these results to examples of Johnson 

noise they are very similar.  

It was later revealed that the sensor was not connected to a proper ground. This lead to signals 

not being transferred properly picking up noises on the way. The signals mixed with various 

noises leads to a noticeable disturbance and are presented in Fig 5. This has an evident impact 

when simulating lower RPM’s but is not noticeable once it reaches engine speed. This was 

partly solved solved by applying a proper ground. Once adding a ground to the sensor it 

eliminated the noise almost completely.  

All things considered, the noises do have some impact on the simulations but it still does not 

affect it on a higher scale. Since the root to this error could be traced it was possible to 

eliminate it. If the source to the noise would not have been found, it would not have had a 

greater impact on the system. When reaching higher frequencies the RPM is stabilized. The 

engines that are tested at Volvo Penta reaches RPM’s upwards of several thousands. Thus the 
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noise at this low RPM has no severe impact on any simulation. However, it is still a peculiar 

fact that the module could read something from the computer while nothing was sent. This 

turned out to be some valuable information obtained from the simulation.  

6.4 HIL-simulation 

HIL-simulation is a great tool for the purpose of verification, development and testing the 

most advanced and complex systems but also for verification. Since it is possible to simulate 

the entire body around the specific system it is also possible to simulate real life events. By 

doing so a real life scenario can be simulated that takes all aspects of a certain situation in 

consideration. Not only does it save the developer money, it is also possible to test harmful 

scenarios without damaging any parts of the object being tested on. These tests can be 

executed several times over and over thus verifying a certain behavior of the machine. HIL-

simulation makes it possible to carry out all various kinds of simulations to test the different 

mechanisms of an engine or machine, which potentially could endanger both the consumer 

and the machine. HIL-testing offers excellent alternatives for testing of control systems that 

normally would have been performed physically, but is now performed with software.  

HIL-simulation is used for various tasks. It can be used to simulate automotive systems, 

power systems, robotics, radar, marine vessels and much more. It has a wide range of uses for 

many different applications which makes it a useful tool in many industries and technological 

companies. This makes HIL-simulation one of the most important, if not the most important 

part of verifying and developing machines. Thanks to HIL-simulation it enhances the quality 

of the machine, increases safety, saves the developer both money and time.  

6.5 The practical improvements 

Efficiency: 

Due to traceability issues existing previously inside the EMS box, plenty of wires were 

disconnected. By improving the traceability these issues were solved. By reducing the 

external connections from ten to four it makes it more efficient to perform a simulation. Not 

only that but it is now easier to change and test different loads since all you need to do is put 

in a box, connect it and simulate.  

Traceability: 

Since there are a lot of wirings inside the EMS box crossing each other it was very common 

to mistake one wire for another. By labelling the wires this problem was solved. Not only did 

every wire get labelled but the setup also got colour coded due to the fact that the internal 

setup itself has two sections. The terminals were also labelled according to the schematics to 

prevent connecting wrongs pins to the wrong terminal. By doing so there were no more lose 

cables disrupting or affecting the signals acquired and transferred through the system. This 

will also help in the future in case some issues occur on the inside of the box. Troubleshooting 

issues is now easier and following the schematics is no longer an issue.  

Functionality: 

Comparing the new design for the EMS box with the elder one a significant change is the 

amount of connections that has been removed. With the previous setup there were 

connections for every single type of load. This has been improved where the connections has 
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been merged to a single connection that can be connected to a load. By doing so no 

misconnections will occur nor will any load be missing while simulating certain elements.  
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7. Conclusions  
Many issues have occurred during simulations due to poor traceability and the cluster of 

wirings inside the EMS box. To improve today’s system a new structure was necessary to 

eliminate various issues but also to prevent risks of failure in the future.  

The new prototype that was created was mainly focused on the hardware side of the rig, the 

signal conditioning, data acquisition and the functionality. Several positive effects were noted 

with new restructured EMS box. Due to the improvements to the harnesses the signal 

conditioning were improved. This is due to the fact that no wirings will now be disconnected 

or connected improperly. The new solution does not require any prior knowledge or 

understanding for the circuitry since it now only has  one connection that connects to the load.  

By digitalizing the EMS box a lot more opportunities would have arisen. It would not only 

make the simulation process more convenient, it would also have improved the efficiency of 

the simulations and make it more customizable. By implementing all the hardware aspects of 

the rig in to a software program it would allow the developer to easily change anything in the 

simulation at any time. By digitalizing the entire setup it would have minimized the amount of 

wirings which caused many issues with older rig.  

In conclusion, the major issues that existed with the old EMS box are now solved with better 

simulation results. With a restructured layout inside the EMS box also improved the data 

acquisition and signal conditioning of the system. The simulations are now improved with 

better test results and it has now become more efficient to perform several simulations in a 

short amount of time. 

  



 
20 

Bibliography 
 

Published books 

[1] R. Isermann, J. Schaffint, S. Sinsel, 1999.  

Hardware-in-the-loop simulation for the design and testing of engine-control systems.  
Darmstadt, Germany.  

Technical University of Darmstadt. 

 

[2] Uncini Aurelio. 2014. 

Fundamentals of Adaptive Signal Processing.  

Switzerland. 

Springer International Publishing. 

 

[3] Samuel D. Stearns. 1987. 

Fundamentals of Adaptive Signal Processing.  

New Jersey, USA. 

Prentice-Hall, Inc. 

 

[4] Professor Saeed V. Vaseghi. 2009. 

Advanced Digital Signal Processing and Noise Reduction, Fourth edition.  

London, UK.  

Brunnel University. 

 

[5] Sen M. Kuo, Dennis Morgan. 1996. 

Active Noise Control Systems: Algorithms and DSP Implementations.  

New York, USA. 

John Wiley & Sons, Inc.  

 

[6] Dimitris G. Manolakis, Vinay K. Ingle, Stephen M. Kogon. 2000. 

Statistical and Adaptive Signal Processing. 

Massachusetts, USA. 

Artech House, Inc.  

 

  

http://www.sciencedirect.com/science/article/pii/S0967066198002056
http://www.sciencedirect.com/science/article/pii/S0967066198002056


 
21 

Online sources 

 

[7] CAN bus, https://en.wikipedia.org/wiki/CAN_bus 

 

[8] Controller Area Network (CAN) overview, http://www.ni.com/white-paper/2732/en/ 

 

[9] Sensor, https://en.wikipedia.org/wiki/Sensor 

[10] Actuator, https://en.wikipedia.org/wiki/Actuator 

[11] Hardware-in-the-loop simulation, https://en.wikipedia.org/wiki/Hardware-in-the-

loop_simulation 

[12] Typical Hardware-in-the-Loop System, 

https://www.dspace.com/en/pub/home/products/systems/ecutest/hil_system.cfm 

 [13] LabVIEW, https://en.wikipedia.org/wiki/LabVIEW 

[14] LabVIEW System Design Software, http://www.ni.com/labview/ 

[15] Data acquisition, https://en.wikipedia.org/wiki/Data_acquisition 

[16] What is data acquisition? http://www.ni.com/data-acquisition/what-is/ 

[17] Introduction to Data Acquisition, http://www.ni.com/white-paper/3536/en/ 

[18] Electronic control unit, https://en.wikipedia.org/wiki/Electronic_control_unit 

[19] Engine control unit, https://en.wikipedia.org/wiki/Engine_control_unit 

[20] Signals and noise, https://terpconnect.umd.edu/~toh/spectrum/SignalsAndNoise.html 

[21] Crankshaft, https://en.wikipedia.org/wiki/Crankshaft 

[21] Camshaft, https://en.wikipedia.org/wiki/Camshaft 

 

https://en.wikipedia.org/wiki/CAN_bus
http://www.ni.com/white-paper/2732/en/
https://en.wikipedia.org/wiki/Sensor
https://en.wikipedia.org/wiki/Actuator
https://en.wikipedia.org/wiki/Hardware-in-the-loop_simulation
https://en.wikipedia.org/wiki/Hardware-in-the-loop_simulation
https://www.dspace.com/en/pub/home/products/systems/ecutest/hil_system.cfm
https://en.wikipedia.org/wiki/LabVIEW
http://www.ni.com/labview/
https://en.wikipedia.org/wiki/Data_acquisition
http://www.ni.com/data-acquisition/what-is/
http://www.ni.com/white-paper/3536/en/
https://en.wikipedia.org/wiki/Electronic_control_unit
https://en.wikipedia.org/wiki/Engine_control_unit
https://terpconnect.umd.edu/~toh/spectrum/SignalsAndNoise.html
https://en.wikipedia.org/wiki/Crankshaft
https://en.wikipedia.org/wiki/Camshaft

