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Abstract 

When testing active safety and Autonomous Emergency Brakes in vehicles many tests 

are done with a type of rig that simulates, for example, a pedestrian crossing the road 

in front of the vehicle. This thesis covers a validation of the accuracy of a new similar 

test-rig that has been developed by AstaZero, the company and test facility where this 

project took place. The rig operates by dragging a target (e.g. a pedestrian dummy) on 

a plate across a vehicles path, forcing it to apply the emergency brakes. By 

performing multiple tests with common test scenarios and various parameters, such as 

velocity, weight, etc. data was acquired and analyzed. The data acquisition was made 

with an Inertial and GPS Navigation system mounted on the rig. During the analysis, 

the purpose was to determine the lateral and longitudinal accuracy as well as the 

velocity stability. The first results showed that the velocity had an oscillating 

behavior. Solutions to prevent this was to either implement Jerk, which smoothens the 

acceleration, or to lower the total weight of the plate. Tests for lateral and longitudinal 

accuracy resulted in a standard deviation of approximately 10 mm for longitudinal 

position and between 15 mm and 40 mm for lateral position, mostly depending on test 

distance and weight.  
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Sammanfattning 

Testning av aktiv säkerhet och framför allt automatisk nödbroms sker oftast med en 

testrigg som simulerar att en fotgängare korsar gatan framför ett fordon. Detta 

examensarbetet går ut på att validera noggrannheten för en ny liknande testrigg som 

tagits fram av AstaZero, företaget och testanläggningen där examensarbetet utfördes. 

Denna rigg fungerar genom att släpa en platta, med exempelvis en fotgängardocka på, 

framför ett fordon som då tvingas aktivera nödbromsen. Genom ett flertal tester med 

vanliga scenarion har olika parametrar testats, exempelvis hastighet och vikt för 

plattan, och resulterat i data som analyserats. Datainsamlingen gjordes med hjälp av 

utrustning som innehåller accelerometer, gyroskop och GPS-system. Dessa system 

var under testerna monterade på riggen. Syftet med analysarbetet var att visualisera 

data för lateral och longitudinell noggrannhet samt hur stabil hastigheten är. 

Resultaten från analysen visade att hastigheten hade ett svängande beteende. Detta 

löstes genom att antingen implementera Jerk, som jämnar ut accelerationen, eller att 

sänka den totala vikten på plattan som släpas på backen. Data från testerna visade att 

standardavvikelsen för longitudinell position är cirka 10 mm och för lateral position 

mellan 15 mm och 40 mm, mest beroende på testlängd och vikt på plattan.
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1 Introduction 

This thesis is part of the Bachelor’s program in Automotive Engineering which is 

held at Luleå University of Technology. The thesis was conducted at AstaZero as 

a part of a larger project. Following chapter will introduce the thesis and project. 

1.1 Background 
When testing Autonomous Emergency Brake (AEB) systems today most tests 

are done with a machine which drags a target across a vehicles path. The 

purpose is to simulate pedestrian, cyclist or animal crossing the road in front of 

the vehicle. This machine is inconsistent and the position of the target when 

testing is not as accurate or precise as wanted. This problem has resulted in the 

development of a new test equipment, the Mid-Speed Target Carrier (MSTC), 

which has been designed to match the demands of higher speeds, heavier targets 

and most important, better accuracy and precision. 

1.2 ASTAZERO 
ASTAZERO is a proving ground located 15 km outside Borås, Sweden. This is 

where this thesis will be carried out. ASTA stands for “Active safety test area” 

and ZERO refers to the Vision Zero1 which aims to achieve zero dead and 

seriously injured in traffic in Sweden. The proving ground opened in 2014 and 

is the world’s first full-scale test environment for future road safety.2 The 

proving ground has four different test areas (see Figure 1.1): Rural road, High 

speed area, Multilane road and City area. 

 

Figure 1.1: AstaZero proving ground layout. 3 

 

                                                 
1 Vision Zero initiative, 1994. 

http://www.visionzeroinitiative.com/ (2017-03-14) 
2 AstaZero, About AstaZero, 2017. 

http://www.astazero.com/about-astazero/about/ (2017-02-24) 
3 AstaZero, AstaZero Test Site, 2017. 

http://www.visionzeroinitiative.com/
http://www.astazero.com/about-astazero/about/
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1.3 Future benefits 
There are several future benefits with this project. One of them is the possibility 

to expand the range of tests for AEB systems and autonomous vehicles and 

therefor further develop and improve the systems used in today’s vehicles. But 

for further development of sensors and systems the rig must be precise and 

accurate enough to be able to repeat many tests with only a minor error. With 

this new rig, the expectations are clear. It is supposed to meet these 

requirements and be a tool for future development of better and safer vehicles. 

1.4 Purpose 
The main purpose of this thesis is to validate the accuracy of the position and 

the stability of the velocity for the MSTC. The position accuracy target is 0.01 

meters both longitudinal and lateral. The thesis will include preparation and 

execution of multiple tests and analysis of the collected data both between and 

after tests. Included in the project is to make a proposal for improvements in the 

Human Machine Interface (HMI). 

1.5 Project boundaries 
The data from the tests give many different parameters that could be analyzed, 

but the most important parameter is position and that is what this thesis will 

focus on. This will be an ongoing work during the entire thesis period. In 

addition to the report that covers the whole thesis a short summary of the results 

from the analysis will be written as a validation for the precision and accuracy 

of the MSTC. 

  

                                                 
http://www.astazero.com/the-test-site/about/ (2017-03-02) 

http://www.astazero.com/the-test-site/about/
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2 Theory 

2.1 Test rig 
The MSTC is a test-rig developed to meet the increasing demands of active 

safety testing for vehicles. The MSTC basically consists of two winders, 

Winder 1 and Winder 2, and the Target Carrier (TC). Both winders are identical 

and has a servomotor which is controlled by a Programmable Logic Controller 

(PLC). Connected to the servomotor is a reel with room for 65 meters of fiber 

rope.  

 

Figure 2.1: Example of a test-scenario with an Event/Collision Point. 

 

 

Figure 2.2: A real example where a car approaches the pedestrian target 

(dummy) with angle. Winder 2 can be seen in the background. 

 

Figure 2.1 shows the setup of the system where the winders are placed with a 

distance X between them (max 60 meters). The TC is connected to the rope 

from each winder. If the TC moves towards left, Winder 1 is the towing winder 

and drags the TC against itself. But to always keep the rope tensed, Winder 2 

has a constant resisting torque. Since the winders are identical this function can 

also be reversed, with Winder 2 as towing winder.  
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Figure 2.1 also display an example of a test scenario where a vehicle drive in a 

straight line towards the Event Point (Red cross). Just before it reaches Event 

Point the TC comes at a certain velocity from the side and either stops at Event 

Point or passes by. This forces the vehicle to brake to avoid a collision, a 

common test scenario for AEB systems. Figure 2.2 display a real-world 

example of the rig setup. 

 

Figure 2.3: An example setup of the MSTC and HMI. 

 

To operate the MSTC there is a HMI. The HMI communicates with the rig via a 

4G network, as can be seen in Figure 2.3. Each winder is equipped with a 4G 

modem. These are transmitting and receiving data to a third modem which is 

connected to the HMI. This gives the possibility to operate and monitor the rig 

wireless from a vehicle or control tower.  
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2.2 Jerk 
Jerk is the change of acceleration over time, or the derivative of acceleration.4 It 

is commonly used to smoothen accelerations in a large variety of applications, 

for example in elevators. The purpose of implementing jerk into the MSTC was 

to lower the torque required in the start moment.  

  

Figure 2.4: Graph displaying the difference between velocity, acceleration and 

jerk. 

 

 

                                                 
4 J.C. Sprott. Department of Physics, University of Wisconsin, 1997.  

http://sprott.physics.wisc.edu/pubs/paper229.pdf (2017-06-01) 

http://sprott.physics.wisc.edu/pubs/paper229.pdf
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Figure 2.5: Comparison between jerk and no jerk. 

 

That jerk is the derivative of the acceleration can be seen in Figure 2.4 which 

also display the relation between velocity, acceleration and jerk. Why jerk is 

used and the effect of it can clearly be seen in Figure 2.5. Looking at the 

velocity-curve for both “No Jerk” and “Jerk” it becomes obvious that the 

transition between increasing velocity and constant velocity is much smoother 

with jerk. 

 

2.3 Software 
A total of four different software programs have been used during this thesis. 

The first three are OxTS (Oxford Technical Solutions) -software: NAVconfig, 

NAVdispay and RT Post-processing. NAVconfig is a configuration tool for 

various hardware from OxTS. NAVdisplay is a program which monitors data in 

real-time. This is the program used to collect data during the tests. RT Post-

processing is used to convert the data from NAVdisplay into a suitable file-

format, in this case CSV-files. The fourth program is MATLAB by MathWorks. 

MATLAB is a program that can handle many functionalities. A few of them is: 

curve fitting, data classification, signal analysis, etc.5 Another function, which 

is the one mostly used during this thesis, is the data visualization graphics. It 

gives the user a possibility to display and analyze data in multiple ways. 

 

 

 

                                                 
5 MathWorks Inc. MATLAB, 2017. 

https://se.mathworks.com/products/matlab.html (2017-03-07) 

https://se.mathworks.com/products/matlab.html
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2.4 Equipment 

2.4.1 Motion Pack 

Oxford Technical Solutions (OxTS) - RT3000 v2. or RT3002 

The RT3002 is an Inertial and GPS Navigation System. It combines inertial 

measurements with GPS-measurements to give the best data possible. With 

the help of a system called Real Time Kinematic (RTK) the RT3002 have a 

position accuracy of 0.01 meters.6 

 

Figure 2.6: RT3000 from OxTS.7 

 

2.4.2 Laser 

Leica Geosystems - Leica DISTO D510 

The Leica DISTO D510 is a laser measuring tool with an accuracy of ±1 mm.8 

 

2.5 Method 
Because the different tests performed during this thesis had slightly different 

objectives, the methods for each test differed. For the first test, the purpose was 

to gather data from all different test setups. This meant many tests with few 

repetitions. Later, the focus moved to more common rig-setups with a larger 

amount of repetitions in each test.  

 

 

 

 

 

 

                                                 
6 OxTS - Oxford Technical Solutions, RT3000 v2 Family.  

http://www.oxts.com/products/rt3000-family/ (2017-02-27) 
7 ibid 
8 Leica Geosystems, Model D510.  

https://lasers.leica-geosystems.com/d510 (2017-03-06) 

http://www.oxts.com/products/rt3000-family/
https://lasers.leica-geosystems.com/d510


8 

 

 

 

  



9 

 

3 Preparation and Execution of Test 

3.1 Preparation 
Since this is the first time a test is done for this test-rig there was no prepared 

test-method or template to follow. Therefor a methodology for how the test was 

going to be executed and a way of mounting the measurement system on the TC 

had to be developed. 

3.1.1 Planning 

When planning the first test the objective was to cover the whole range of 

scenarios to get an overview of how the rig performs. To get some structure in 

the planning a test-matrix was made, see Table 3.1. It contains the variables 

for all the scenarios and number of repetitions. 

Table 3.1: Test matrix for test 1. 

Scenario v [km/h] v [m/s] Acc [m/s^2] Dec [m/s^2] l [m] Nr. of tests 

1 5 1,389 2 2 20 5 

2 20 5,556 4 4 20 5 

             

  v [km/h] v [m/s] Acc [m/s^2] Dec [m/s^2] l [m] Nr. of tests 

3 5 1,389 2 2 40 5 

4 20 5,556 4 4 40 5 

5 40 11,111 4 4 40 5 

             

  v [km/h] v [m/s] Acc [m/s^2] Dec [m/s^2] l [m] Nr. of tests 

6 5 1,389 2 2 60 5 

7 20 5,556 4 4 60 5 

8 40 11,111 4 4 60 5 

9 58 16,667 4 4 60 5 

 

In total, four sets of tests are made. The purpose of the first test is, as 

previously said, to get an overview of how the rig performs and see if there is 

any specific parameters that needs to be further tested. The purpose of the 

second and third tests is to look at the parameters found in and changed from 

the first test. The three first tests are performed with a TC-weight of 40 kg, 

which is the maximum TC-weight according to specification. During the 

fourth test, the TC has a weight of 25 kg. The purpose of this test is to review 

the effects of a lighter TC. 

 

3.1.2 Preparation of measurement system 

To get and verify the position of the TC a motion pack had to be mounted on 

it. There was no prepared solution for this so a completely new mounting for 

the motion pack an all its accessories was made and attached to the TC. In 

addition to the motion pack-package (RT3002, GPS-antenna, SATEL-radio 

and RTK-antenna) a power supply and a 4G modem also was attached to the 

TC, as shown in Figure 3.1. 
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Figure 3.1: Motion pack setup. 

  

After everything was installed the equipment on the TC was connected to a 

PC, via another 4G modem, see Figure 3.1. When the PC received data from 

the motion pack it confirmed that the setup was functional.  

 

3.2 Execution 
To gain experience and learn to use the MSTC, I took part in some testing that 

was not within this thesis. These tests were executed by Consat Engineering, the 

company which has developed the MSTC.  To be a part of these tests gave a 

good understanding and knowledge of how the rig works and how to solve 

common faults and maintenance. These tests also introduced me to the HMI. 

Following is a description of each test made. 

3.2.1 Test 1 

To get the best data possible, test 1 was carried out at the flat surface and open 

environment of High Speed Area (HSA), see Figure 1.1. This test was done to 

review the entire range of test-scenarios for the MSTC, see Table 3.1. These 

scenarios contain velocities from 5 to 58 km/h and distances between winders 

from 20 to 60 meters. Two different accelerations and decelerations are also 

included, 2 m/s2 and 4 m/s2. Each scenario was executed with five repetitions 

(see Table 3.1).  

 

3.2.2 Test 2 

Test 2 took place at the proving ground center. This was a short test to 

evaluate some changes made to the acceleration part after test 1. Test 2 

contain four different scenarios:  

1. No Jerk (4 m/s2) 

2. Jerk (2,3 m/s2) 

3. Jerk (4 m/s2) 

4. Jerk with start plate (4 m/s2) 
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The acceleration within the parenthesis is the mean acceleration. The 

maximum acceleration for scenario 1 and 2 is 4 m/s2. The maximum 

acceleration for scenario 3 and 4 is 7 m/s2. “Start plate” is a 4-meter-long 

plastic sheet which is placed on the tarmac to lower the friction for the TC 

during takeoff. This is displayed in Figure 3.2. 

 

 

Figure 3.2: Example setup with start plate. 

 

All four scenarios (see Table 3.2) had a velocity of 20 km/h and distance of 60 

meters. To accomplish these tests, Consat Engineering had to take part and 

implement the jerk-function. Consat Engineering also ran traces of the winder 

to acquire data to compare with the RT3002. 

Table 3.2: Test-matrix for test 2. 
Scenario v [km/h] v [m/s] Acc|Dec [m/s^2] l [m] Nr. of tests 

No Jerk 20 5,556 4|4 60 5 

Jerk 2940 20 5,556 2,3|2,3 60 5 

Jerk 11761 20 5,556 4|4 60 5 

Jerk 11761 with 
start plate 20 5,556 4|4 60 5 

 

3.2.3 Test 3 

The purpose of test 3 was to:  

• Better determine how accurate the MSTC can stop. 

• Compare the position of the TC against the position of the towing 

winder (Winder 1) during an entire run. 

To improve the measurement accuracy at the stopping point a laser was used 

as a complement to the RT3002. Every time the TC stopped the laser was used 

to measure the distance between Winder 1 and the TC. To compare the TC 

and Winder 1, data from both the winder and motion pack was acquired. The 

location for this test was the City area, see Figure 1.1. Table 3.3 display the 

scenario tested in test 3. 

Table 3.3: Test-matrix for test 3. 

Scenario v [km/h] v [m/s] Acc|Dec [m/s^2] l [m] Nr. of tests 

Jerk 11761 20 5,556 4|4 50 26 
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3.2.4 Test 4 

In test 4, tests were made to see what impact the weight of the TC had on the 

stability. The TC was modified to be lighter, it lost almost 40 percent of its 

weight, from 40 kg to 25 kg. The test-matrix for test 4 was the same as in test 

1. See Table 3.1. The idea in this test was to run all test with the latest setup. 

But due to some issues, the jerk function had to be turned off after a few runs. 

Despite the issues, all tests could be executed. 

 

3.2.5 Human Machine Interface 

Operating the rig during all tests has given a good feel for the HMI and all its 

functions. Some possibilities for enhancements could be presented already 

during the first tests. At this point a first proposition was made with the 

desired changes, one of them was a “Back to start” function which returns the 

TC to its start position after a run, only by pressing a button instead of holding 

one. Another change was to implement a graph showing the Event Point (see 

Figure 2.1) in relation to the velocity profile. This proposition later went 

through more changes as our experience and understanding of the rig 

increased. After test 3, the proposition was complete and the new HMI could 

be implemented into the rig and tested. Figure 3.3 to Figure 3.5 below display 

the changes made to the test menu in the HMI. 

 

 

Figure 3.3: Screenshot of the test menu in the original HMI. 
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Figure 3.4: Test menu in the proposed HMI with graph and “Back to start” 

button. 

 

 

Figure 3.5: Image of how the test menu turned out in the new HMI. 
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4 Execution of Analysis 

To prepare for the analysis, a minor test was performed to sample some test-data 

from the motion pack. The setup used can be seen in Figure 3.1. With this data, it 

was possible to build up the basics in the MATLAB-scripts later used to do the 

analysis.  

 

4.1 Execution 
The analysis in this thesis was completely done in MATLAB with multiple 

scripts to process and display different visualizations of data. More specific 

details about the analysis of each test are presented below. 

 

Figure 4.1: Defining X- and Y-direction for the TC. 

4.1.1 Test 1 

When analyzing the data from test 1, the focus was three different parameters. 

Position in X-direction, position in Y-direction and the velocity profile. 

 

Figure 4.2: Graph displaying one TC path in relation to the intended path. 
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Since there was no output from the rig available during this test the X-position 

analyzed was only the spread of the stopping position. The dynamic X-

position was closer analyzed after test 3. When analyzing the Y-position, the 

actual path of the TC was compared to the intended path (straight path). This 

intended path had to be simulated in MATLAB by drawing a completely 

straight line between the start and end position, see Figure 4.2. By comparing 

the actual position against the simulated line for each measuring point the 

deviation in Y-position could be calculated. 

4.1.2 Test 2 

The purpose of analyzing data from test 2 was to evaluate the changes (jerk) 

made to the rig. This was done by comparing velocity profiles, torque curves 

and accelerations for each setting. 

4.1.3 Test 3 

After test 3, there was two things to analyze. The stopping position (static), 

which was measured both with motion pack and laser, and the dynamic X-

position for the TC compared to the winder. When analyzing these runs, a few 

of them showed an irregular behavior, these are presented in the result. To 

analyze the dynamic X-position all motion pack-data had to be manually 

adjusted to fit (or sync) the trace-data from the winder. After that, the 

difference between the two curves could be compared. This was done for all 

runs. The difference in Figure 4.3 can be explained with equation 1 below 

where i is each measuring point.  

𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒[𝑖] = 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑊𝑖𝑛𝑑𝑒𝑟[𝑖] − 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑇𝐶[𝑖]   (1) 

 

Figure 4.3: Difference-curves between winder and TC for five runs. 
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Figure 4.3 display how the difference-curves look in relation to the velocity 

profile. Most difference occurs during the acceleration. For example, we can 

see that at the 1000 millisecond-mark, the TC is 75 to 120 mm behind the 

Winder depending on which run you choose. As can be seen, the curves vary a 

lot and to get a feel for how the TC moves, all 26 runs were compiled like this 

to form a curve based on a mean value for every data point. This is presented 

in the results. 

4.1.4 Test 4 

The data from test 4 was mostly compared to its equivalent data from test 1. 

This to see what impact the TC-weight had. Test 4 also gave an opportunity to 

evaluate what difference jerk does when using the lighter TC. 
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5 Results 

In this part, results from the analysis is presented. Several graphs are titled with six 

digits, for example “604420”. This means that the scenario displayed had a length of 

60 meters (first two digits), 4 m/s2 in acceleration and deceleration (third and fourth 

digit) and a velocity of 20 km/h (last two digits). 

 

5.1 Position X-Direction 
 

5.1.1 Static 

The static position was measured both with motion pack and a laser. The laser 

was used to get a better accuracy of the measurements. The results are shown 

in Figure 5.1 and display the difference of spread between the laser and 

motion pack.  

 

Figure 5.1: Graph displaying spread for stop position measured with motion 

pack and laser. 

 

5.1.2 Dynamic 

To be able to visualize the difference in x-position during the runs, each TC-

sample had to be manually fitted to its equivalent winder-sample in 

MATLAB. With this in mind, the output data (shown in Figure 5.2) may not 

be as accurate as the input data. It does however give a glance at how the TC 

behaves during a run.  
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Figure 5.2: Visualization of the difference between TC and Winder during a 

run. 

 

As the TC accelerates, the higher tension in the rope makes the difference 

larger. But as it reaches stable velocity, after approximately 4 meters (see 

Figure 5.2), the difference decreases. As the TC travels towards the towing 

winder, less rope is out. When less rope is out the total stretch in the rope 

becomes less, and as the TC reaches its stop position (47 meters) the stretch is 

almost zero. Equation 2 below explains the graph in Figure 5.2. 

 

𝑀𝑒𝑎𝑛 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒[𝑖] =
∑ 𝑊𝑖𝑛𝑑𝑒𝑟 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒[𝑖]− 𝑇𝐶 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒[𝑖]

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑢𝑛𝑠
   (2) 

 

To explain what we see in Figure 5.2, look at the 25 meter-mark. Here, the TC 

has an average “delay” of 40 mm. In other words, the TC is 40 mm behind 

where it should be at that point. 

5.2 Position Y-Direction 
The results for the position in Y-direction is entirely based on GPS-data which 

has an accuracy of 0.01 meters or 10 millimeters during optimal circumstances. 

This should be kept in mind when reviewing the data below. 
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Figure 5.3: Lateral deviation from path, scenario 9 – 60 m, 4 m/s2 (Acc/Dec), 

60 km/h. 

 

 

Figure 5.4: Lateral deviation from path, scenario 6 – 60 m, 2 m/s2 (Acc/Dec), 5 

km/h. 

 

Figure 5.3 and Figure 5.4 above display the lateral movement for each run in 

the two scenarios. Figure 5.3 display the deviation for a scenario with high 

speed, 60 km/h, and Figure 5.4 display a scenario with low speed, 5 km/h.  
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Figure 5.5: Standard deviation interval for 40 kg TC. 

 

Figure 5.6: Standard deviation interval for 25 kg TC. 

 

Figure 5.5 and Figure 5.6 shows the standard deviation interval based on all 

data from each scenario, see Table 5.1. The red line represents the mean value 

for each scenario, see Table 5.1, while the blue lines are the upper and lower 

limit for the interval. For example, in scenario 1 (40 kg), which has a distance 

of 20 meters and velocity of 5 km/h, the mean is 1 mm and the upper and lower 

limits is 9 mm and -6 mm. 
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Table 5.1: Table of scenarios tested. 

 

 

5.3 Velocity profile 
The first tests showed a velocity profile that was not stable enough. An 

oscillating movement for the TC occurred because of the harsh acceleration at 

the start. In some cases, this phenomenon was clearly visible when observing 

the rig from a distance.  

 

Figure 5.7: Velocity profile that shows the oscillation movement. 

 

Figure 5.7 above display a velocity profile for 60 meters, 20 km/h and an 

acceleration of 4 m/s2. When the TC reaches its speed, the graph shows that the 

velocity varies with almost 1 m/s. Two oscillations can also be seen during the 

acceleration. This means that this behavior occurs at the very start and is not a 

result of an overshoot. 

Scenario 1 2 3 4 5 6 7 8 9 

Length [m] 20 20 40 40 40 60 60 60 60 

Velocity [km/h] 5 20 5 20 40 5 20 40 60 

Acceleration [m/s^2] 2 4 2 4 4 2 4 4 4 
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5.3.1 Profile with Jerk 

To deal with the harsh acceleration at the start, jerk was implemented into the 

software in the rig. 

 

 

Figure 5.8: Trace of Winder Actual Velocity for different adjustments to 

acceleration. 

 

Figure 5.9: Velocity of Target Carrier for different adjustments to 

acceleration. 
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Four different acceleration adjustments were tested. In Figure 5.8 the velocity 

of the winder for each adjustment for is displayed. This is the velocity of the 

winder which pulls the TC, not the velocity of the TC. The velocity of the TC 

for the different adjustment is displayed in Figure 5.9. The yellow and purple 

line indicates that the higher jerk, with a mean acceleration of 4 m/s2, is much 

more consistent than the blue line, with no jerk. Any difference in stability 

when using the start plate or not is hard to distinguish.  

 

 

Figure 5.10: Velocity of Target Carrier with and without Jerk. 

 

The largest improvement in relation to no jerk was the 4 m/s2 – jerk. As can be 

seen in Figure 5.10 the amplitude of the six first oscillations (with jerk) is 

significantly less, almost 60 percent of the amplitude with no jerk.  
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Figure 5.11: Trace of Winder Actual Torque 

 

Comparing the torque of the winder for jerk and no jerk, there is a major 

difference at the first spike (start torque). When in motion, the highest torque 

reached is approximately the same for both curves. But while the no jerk-

curve continue to oscillate the jerk-curve has a more controlled descent, see 

Figure 5.11. 

 

5.3.2 Light-weight TC 

With the lighter TC, there was a major improvement in stability (for velocity) 

compared to the runs with the 40 kg-TC. Below are some graphs to visualize 

the difference. 
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Figure 5.12: Velocity profiles for 25 kg and 40 kg TC. 

 

 

Figure 5.13: Graphs displaying the effects of jerk when using different 

weights. 
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Figure 5.12 display the difference in velocity stability when using a TC 

weighing 25 kg or 40 kg. In this case, the run with 25 kg also has jerk, which 

is not the case for the 40-kg run. The effects of jerk with the 25 kg TC though, 

as shown in Figure 5.13, are not as distinct as for the runs with heavier (40 kg) 

TC, which can be seen in Figure 5.10. 

 

5.3.3 Irregular profiles 

During the third test, 26 runs with identical settings were made. Five of these 

26 runs reveal an irregular behavior that seems to occur at random occasions. 

Out of 26 they have the following number: 13, 19, 20, 21 and 26. Below are 

some graphs to display the differences. 

 

Figure 5.14: Graph of 26 runs with identical settings.  
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Figure 5.15: Acceleration for Run 1 (Normal run) and Run 13 (Irregular run). 

 

In Figure 5.14 the difference between the irregular and the normal runs can 

easily be seen. They have an amplitude that is approximately five times higher 

than the normal runs. Figure 5.15 display the acceleration for one normal run 

and one irregular run. The peak acceleration is almost twice as high for the 

irregular run and it is not nearly as stable as the normal run. Why this occurs is 

not sure. One hypothesis is that the hatch on one of the winders have been 

opened before the run. This trigger the emergency stop which lowers the 

torque to 20 percent. This in its turn causes the rope to lose its tension. When 

the rig later is reset and starts a new run, the towing winder does not have the 

expected resistance and as a result, the acceleration peaks for a short moment. 
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6 Discussion 

 

One thing that was difficult to determine was the dynamic/moving x-position. Since 

the rig had no connection to the motion pack, it was nearly impossible to sync the 

data. Even with the motion pack measuring frequency of 100 Hz, the TC would at 5,5 

m/s (or 20 km/h) move approximately 5,5 cm between each measuring point. Another 

parameter that made the moving x-position difficult to determine is the rope’s 

dynamic. When there is 60 meters of rope out and one winder starts pulling, there is a 

slight difference from when the winder starts moving to the point where the start to 

move. This difference, or delay, has not been measured.  

Since most data acquisition was made systems relying on GPS, many different 

circumstances can affect the result, such as poor calibration or interfering objects 

(trees, buildings, etc.). The data conversion in MATLAB could, in some cases, have 

reduced the accuracy of the result. Then there is the surface where the tests took 

place, if it had some rough edges or was not completely flat it could also have 

affected the outcome.   

The desired accuracy for the rig is 0.01 meters, both longitudinal (x) and lateral (y) 

position. But since the motion pack has an accuracy of 0.01 meters (at its best) it is 

somewhat difficult to really determine if the rig matches the target. During one of the 

four tests, a laser measurement device was used to display the difference in accuracy 

between the laser (with an accuracy of ±1mm) and the motion pack. The results from 

that test showed that the rig, in that case, performed better than what the motion pack 

displayed. With this in consideration, a laser might be a better tool to determine the 

finer accuracy. So, even if the results are not as accurate as needed to place the 

accuracy of the rig within 0.01 meters, the motion pack data still shows a consistent 

behavior that well describes the movement and position of the TC. The motion pack is 

a system that is widely used during testing and with its accuracy in mind, the data it 

delivered during the tests in this thesis can be assumed to be probable.  
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7 Conclusion 

7.1 Lateral accuracy 
The results from test 1 and 4 shows that the lateral (y) accuracy mostly depends on 

how far the travelling distance is for the TC (distance between winders) is. When 

using the maximum TC-weight (40 kg) the standard deviation for lateral position 

varies between 15 mm, for short travelling distance, to 40 mm, for long travelling 

distance. With the lighter and more common TC-weight (25 kg) the deviation is still 

15 mm for short travelling distances, but decreases to 30 mm for long distances. With 

an actual target on the TC, the lateral position has proven to be very sensitive for 

wind.  

 

7.2 Longitudinal accuracy 
The static position accuracy, which displays the TC’s capability to stop at the exact 

same position every time, is within the target of 10 mm. The results from test three 

with laser measurements (±1mm accuracy) show that the standard deviation for 

stopping position is 9,8 mm. The dynamic accuracy is not within the target. 

 

7.3 Velocity stability 
The velocity stability did not have any targets. Instead, the tests performed in this 

thesis have shown which parameters that most affects the stability. Jerk is one 

parameter that can improve the stability when using heavy targets (close to max 

weight), but it cannot eliminate the oscillations completely. The best way to assure 

good stability is to use light targets, around 25 kg in total. 

 

  



34 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



35 

 

8 Further work 

To further certify the accuracy of the MSTC more accurate methods must be used, for 

example measurements with laser. To properly be able to measure the longitudinal 

position during a run (dynamic) the measurement device have to be synced with the 

rig. Or else, the uncertainty of the measurements is outside the target of 0.01 meters.  

Something that have not been tested during this thesis is how wind affects the 

accuracy. Since almost all tests are done with targets like pedestrian dummies or 

cyclists, it would be useful to know how different wind speeds affect the accuracy 

when using these targets (and several others).   
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A. Test matrixes 

Table 8.1: Test-matrix for test 1 and 4. 

Scenario v [km/h] v [m/s] Acc [m/s^2] Dec [m/s^2] l [m] Nr. of tests 

1 5 1,389 2 2 20 5 

2 20 5,556 4 4 20 5 

             

  v [km/h] v [m/s] Acc [m/s^2] Dec [m/s^2] l [m] Nr. of tests 

3 5 1,389 2 2 40 5 

4 20 5,556 4 4 40 5 

5 40 11,111 4 4 40 5 

             

  v [km/h] v [m/s] Acc [m/s^2] Dec [m/s^2] l [m] Nr. of tests 

6 5 1,389 2 2 60 5 

7 20 5,556 4 4 60 5 

8 40 11,111 4 4 60 5 

9 58 16,667 4 4 60 5 

 

  

Table 8.2: Test-matrix for test 2. 
Scenario v [km/h] v [m/s] Acc|Dec [m/s^2] l [m] Nr. of tests 

No Jerk 20 5,556 4|4 60 5 

Jerk 2940 20 5,556 2,3|2,3 60 5 

Jerk 11761 20 5,556 4|4 60 5 

Jerk 11761 with 
start plate 20 5,556 4|4 60 5 

 

 

Table 8.3: Test-matrix for test 3. 

Scenario v [km/h] v [m/s] Acc|Dec [m/s^2] l [m] Nr. of tests 

Jerk 11761 20 5,556 4|4 50 26 
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B. Analyzed graphs 
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C. Gantt chart and project plan  
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Table 8.4: Gantt chart 

 v.3 v.4 v.5 v.6 v.7 v.8 v.9 v.10 v.11 v.12 
v.13-
20 v.21   

Förberedelser             Planerad tid 

Sammanställa projektplan             Slutgiltig tid 

               

Slutföra opponering               

               

Uppstart               

Säkerhetsutbildning               

               

Studera div. utrustning               

               

Starta arbete med setup               

               

Testning               

Position & hastighet               

               

HMI               

               

Analys               

Validering pos. & hast.               

               

Osäkerhetsanalys               

               

Rapportskrivning               

Osäkerhetsanalys               

               

Intyg precision               

               

Examensarbete rapport               

               

Presentation               

               

Synk. TTC               

               

 

 

 

 

 

 


