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Abstract 

Testing strollers may prevent accidents and breakage, which otherwise could result 

in severe child injuries. There are standards that suggest procedures for testing 

strength, durability, safety and more. Thule wants to ensure their strollers are even 

safer and more durable than the standards suggest to meet their user criteria. 

This paper will describe the process of evaluating if the tests Thule subjects their 

strollers to are comparable with Thule’s customers’ use of strollers. 

In the initial stages, the focus was defining Thule’s customers’ needs. Following 

this, accelerations on a stroller called Thule Sleek was measured using 

accelerometers. The measuring was performed when the stroller was subjected to 

two outdoor tracks and a standard test called Irregular surface test. The collected 

data was compared using acceleration- and frequency-graphs. Similarities and 

dissimilarities amongst acceleration and frequencies on the stroller were discussed. 

The results indicated that there was a resemblance between Thule’s outdoor tracks, 

the Irregular surface test and user needs. However, the placement of accelerometers 

was crucial. When placed on the wheels, the tracks and Irregular surface test differed 

regarding the overall accelerations on the stroller and what dominant frequencies 

the stroller was subjected to. When placed on a mass in the stroller seat, the results 

were predominantly similar.  

The outdoor tracks and the Irregular surface test are a useful complement to each 

other, but don’t mirror user needs accurately on their own.  

More rigorous testing needs to be done to confirm the result. User needs must be 

further defined and different analyzing techniques of data must be examined. 

 

 

Keywords: Accelerometer, stroller, Fast Fourier Transform, Irregular surface test 
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1 Introduction 

1.1 Background 

 The company 

Thule is a Swedish company founded in 1942. Their goal is to make it easier for 

people to explore the world and their own passions. Their slogan “Bring your life” 

refers to the company’s different products that transports what matters in their 

customers’ lives. They want to be associated with safety, comfort, style and an 

active life [1]. Thule is mostly known for their cargo carriers, bike racks etcetera, 

but lately the company has explored new product categories, such as carry-on 

luggage and strollers [2]. 

In 2017 Thule reported increased net sales around the world and plans to expand the 

business even more. The product category Active with Kids – which includes 

strollers, child bike seats and other – has grown fast which has led to increased 

investments in product development within the category. The market has a high 

demand for strollers and in the autumn of 2018, Thule will start selling a new stroller 

named Thule Sleek [3]. 

Since Thule is relatively new to this product category and want to give their 

customers the quality that defines the company’s other products, they want to 

examine how strollers are reviewed today. By doing so, Thule hopes to be able to 

deliver the best products and thereby becoming a major player within the stroller 

product category. 

 Current standards 

Companies may follow guidelines in existing standards for strollers when testing 

them. The standards Thule is following depends on in which country their products 

are sold. Standards can have different suggestions regarding the same sort of test, 

with various levels of difficulty. To be able to score highest on every market, Thule 

choses to subject their strollers to the hardest conditions provided. According to the 

supervisor at Thule – Ida Jonsson – the company therefore uses a mix of standards 

[4]. This paper will focus on the European standard EN-1888 and Thule’s own 

internal standard.  
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Still, Thule is not sure the current standards provide a representative image of the 

company’s users. Therefore, Thule wants to develop a new internal standard with 

focus on safety and real data that reflects the reality of customers.  

 Current market 

There is a large market for strollers today. But many children, around 17 000 per 

year, have been hurt because of strollers. The injuries can occur when children for 

example fall out of the stroller or get strangled by straps. With users demanding 

higher safety, the market has had to follow which has led to fewer child injuries 

related to stroller use [5]. Many companies subject their strollers to certified tests to 

be able to be attractive on the market [6], and the competition is therefore great. 

Being at the forefront of development can therefore promote Thule, and perhaps 

lead to fewer child injuries. 

1.2 Master thesis 

 Purpose 

The intention of this master thesis is to help Thule become a great contributor to the 

market of strollers today. The purpose is to critically review a current standard test 

– Irregular surface test (IrregularST) – and compare it to Thule’s test tracks – Track 

1 and 2 – with the help of accelerometers. Later, eventual improvements will be 

discussed. The end goal is to see if Track 1, 2 and IrregularST are comparable 

regarding impact on the stroller, and to see if they represent what a stroller is 

exposed to by its users. 

 Delimitations 

Thule has many strollers on the market with more to come, but in this master thesis 

only Thule Sleek will be tested. There are also many various tests in standards which 

could be examined. This paper will only focus on IrregularST. 

Why these delimitations, and others, were made will be revealed gradually during 

this report. 
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1.3 Process 

Below is a description of how the project and report is structured. 

 

The process was iterative with many parallel projects going on at the same time. 

The main structure was as Figure 1 shows. It demonstrates that previous parts were 

revisited continuously during the project.  

 

 

Figure 1 - The iterative process of this master thesis 

 

The report will be in a chronological order. The headlines sometimes have sub-

purpose, -method, -result and -conclusion. This is because the project consisted of 

many parts which build upon one another. A chronological report was therefore 

considered relevant to increase readability.  

 

Customer profiling

Analyzing data 

from testing

Research

Testing of stroller

Examination of 

measuring instruments

Evaluation of data

Discussing future

development

P
R

O
C

E
S

S
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2 Customer profiling 

This chapter will describe how relevant data and information were collected from 

users and how those users were chosen.  

2.1 Purpose 

Thule wants to make strollers for a typical Thule user, and give their customers the 

quality stroller they search for. It’s important to find an accurate Thule customer 

profile because if users don’t subject their strollers to a high amount of stress, Thule 

won’t have to subdue their strollers to the hardest tests. If the users use their strollers 

in very demanding situations, perhaps Thule must test their strollers more. A too 

high-quality stroller will cost Thule money and time during developing and testing, 

and some of the customers will pay for more than they need or want. If the strollers 

underperform in tougher environments, Thule loses its high-quality reputation. In 

both scenarios, Thule risks losing customers to other manufacturers. Because of this, 

and since there is no complete preexisting user data, it is necessary to start the 

project with a basic customer profiling. 

2.2 Difficulties 

 Grounds 

When defining a customer profile, it’s important to look at what kind of different 

grounds the stroller rolls over. Later during testing, the conditions should be as easy 

as possible to recreate. Therefore, defining different grounds is a challenge. For 

example: asphalt can be smooth or rough and potholes can be of different diameters 

and depth. Testing the stroller when rolling over these grounds and obstacles is 

therefore no exact science. 
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 Customers 

Since Thule is relatively new to the stroller market, they have not fully defined their 

customers yet. On a normal curve of potential customers, as seen in Figure 2, Thule 

prefers to make strollers for customers somewhere on the right. This is because the 

company stands for quality and doesn’t mind being a bit overqualified for some 

customers [7]. It’s still a broad span and an informed suggestion of where the aim 

should be on the normal curve will be examined. 

 

 

Figure 2 – Standardized normal curve for stroller users, described by Thule. (Note that this is 

not a real description of users, only a visual guide). 

2.3 Pilot testing 

 Purpose 

A pilot test is a trial test. It is used to see if questions and instructions are formulated 

in an understandable and relevant way. According to Arvola [8, p. 134] a pilot test 

can help find mistakes and errors in time before performing the test with an actual 

user. In this way, time, money and effort can be saved in case of a faulty test which 

generates inadequate or inconclusive information. 

 First test 

2.3.2.1 Method 

The first pilot test took place with a mother, living in Arild, Sweden. She was chosen 

because of her active lifestyle and the challenging terrain of Arild’s surroundings. 

This seemed to fit an eventual Thule customer profile. She didn’t own a Thule 

stroller, but still had a stroller adapted to more challenging terrain. The test, which 

can be found in Appendix A, was performed using a protocol developed according 

Users who doesn’t
subject their stroller
to any or almost no

stress.

Users who subject
their stroller to a high
amount of stress.

Thule’s preferable areaMost users

No. of users

Stress
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to Arvola’s information about contextual analysis and user mapping [8, pp. 45, 51]. 

It combines observations with interviews to get a deeper understanding of events 

and a user’s habits. Firstly, the observation took place. The test participant took her 

youngest child on a walk with a stroller and different obstacles – for example the 

number of curbs the stroller rolled over and different grounds – were noted. The 

walk was later marked on a website where joggers go to register their route to see 

how long they have run [9]. With this website, the length of different terrain was 

estimated. An example of how a marked map can look is found in Figure 3. 

 

 

Figure 3 - An example of how a marked stroller route looks on the website (Lund, Sweden) 

 

Afterwards an interview was held to get a deeper understanding of her experiences 

with her stroller. The data from the observation was then interpreted and translated 

to comparable numbers. 

2.3.2.2 Result 

The interview clarified that the test participant thought her stroller was fine, but 

believed it was a bit unsafe since it was prone to fall over. It had recently gotten a 

flat tire which she had switched to another smaller wheel so the stroller wasn’t 

completely leveled.  

The observation result from the first pilot test can be found in Table 1. 
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Table 1 - Terrain and obstacles during the first pilot test in Arild 

Ground 
Length 

(m) 

Length 

(%) 
Events/Obstacles 

Frequency 

(no) 

Frequency 

(%) 

Asphalt 1468 76.50 Curbstone 6 0.31 

Gravel 279 14.54 Stairs 106 5.52 

Grass 2 0.10 Bumps 8 0.42 

Soil 0 0 Pit 0 0 

Sand 0 0 Bump with object 2 0.10 

Snow/Ice 0 0 Child bounces 0 0 

Paving stone 0 0 
Child stands 

wrongly 
1 0.05 

Stone tiles 0 0 Other*** 11 0.57 

Wood deck 0 0    

Woodland* 71 3.70    

Other** 99 5.16    

Total 1919 100    

*def. as grass, soil, stones etc.         ***2 thresholds, 5 child climbs in, 4 child climbs out 

**6 m coarse gravel and 93 m stairs 

 

Most of the terrain was asphalt, though it was covered in small gravel, as seen in 

Figure 4. The figure also gives an example of the slopes that Arild mostly consist 

of. 

 

Figure 4 - Asphalt slope with small gravel on top 
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2.3.2.3 Conclusion and discussion 

The interview could be shortened since some of the information obtained was not 

relevant for the evaluation of dynamic or static loads on a stroller. The reason so 

many questions were on the test to begin with is that before starting it was difficult 

to know what knowledge was needed. The idea was to start the project wide and 

gradually narrow down the parameters. The goal was to always ask for the worst 

terrain and obstacles the stroller has been subjected to, since Thule wants to prepare 

for harder conditions than the average user needs. The observations could be even 

more specific and have categories added. 

This way of testing was time consuming since the child often wanted to stop and 

play along the way. Planning the observation to a date when the mother, the child 

and the observer where available took a lot of logistic planning. Developing a new 

way of testing effectively was a suitable way to continue. A second pilot test should 

be performed to evaluate the newer test. 

 Second test 

2.3.3.1 Method 

A mother from Trä, Sweden was the second person to join the pilot testing. She tried 

mapping the stroller route herself. In this way, the route could be examined later 

without the mother or child involved, thus saving time and planning. From the 

obstacles-list all the “events” were taken out since only the terrain was being 

investigated this time. The test form, in Appendix B, was emailed to her and she 

managed to navigate the test and answer the questions the way it was intended. To 

get extra feedback, the test was also sent to the first test person who also understood 

the new layout. Later the newer route in Trä was inspected and different terrain and 

obstacles were noted. To make the mapping more accurate, a printed map of the 

stroller route was brought. Every change of terrain could easily be marked in the 

map and later be measured on the designated website. 

2.3.3.2 Result 

In the form the test participant wrote that the reason for purchasing her stroller was 

that it should be able to handle more difficult terrain. The stroller brand was 

coincidentally the same as in the first pilot test. It felt safe and the only problem was 

a flat tire, which also happened to the stroller in Arild. 

The observation differed from the first pilot test and can be found in Table 2.  

 



17 

Table 2 - Terrain and obstacles during second pilot test in Trä 

Ground 
Length 

(m) 

Length 

(%) 
Events/Obstacles 

Frequency 

(no) 

Frequency 

(%) 

Asphalt 220 11.64 Curbstone 0 0 

Small gravel 1380 73.02 Threshold 0 0 

Coarse gravel 0 0 Bumps 0 0 

Grass 0 0 Pothole 74 3.92 

Soil 0 0    

Sand 0 0    

Snow/Ice 0 0    

Paving stone 0 0    

Stone tiles 0 0    

Wood deck 0 0    

Woodland* 290 15.34    

Stairs 0 0    

Total 1890 100    

*def. as grass, soil, stones etc.          

 

There was less variety of grounds and obstacles than in Arild. The terrain was 

mostly gravel road and woodland, as seen in Figure 5. The gravel in the picture was 

estimated to be small. 

 

 

Figure 5 - Gravel road (small) on the left, woodland on the right 
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2.3.3.3 Conclusion and discussion 

Without the parents or the child, the walk wasn’t as time consuming, and it was 

easier being observant to obstacles on the road. A problem with the website used for 

mapping is that it doesn’t show the length of slopes, only the length from a bird’s 

view. The second pilot test felt significally shorter than the first one (taking the time 

difference into account). In Arild there were mostly slopes and hills which means 

that route was longer than it seemed on the website. Even with this miscalculation, 

this way of measuring seems to work quite well. The test should be able to be sent 

out to the other test participants.  

2.4 Main testing 

 Finding suitable users 

When deciding which users who were to be included in testing, a user description 

needed to be created. Firstly, to get a deeper understanding of how users and their 

use are described, a document with keywords was made. The keywords came from 

Thule’s own Product Guide – Active with Kids from 2017. Words that stood out and 

were repeated multiple times can be found below. 

• Active life 

• Active parent 

• Multisport 

• Safety 

• Comfort 

• Innovation 

• Explore 

• Active 

• Durability 

• Long life span 

• Flexible 

• Easy to use 

• High performance 

• Simple to bring 

From the list a customer personality took form. It looked like Thule wants their 

customers to be outside a lot, going to new places and use high quality gear. This 

could be applied to the two people already interviewed, both living in the 

countryside. To make sure this was a correct interpretation, more information was 

needed. A meeting took place with Thule employees, focused on user experience 

and design, to get a clearer understanding of what kind of people to look for. The 
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conclusion was that Thule did not have a clear answer themselves of which 

customers to include since their previous customers have been described as active, 

sporty and out in more difficult terrain, while Thule’s newer customers will be found 

in the cities, not using their strollers in as extreme conditions [10]. To cover as many 

of Thule’s customers as possible, two different testing forms where made. One for 

urban users in the city, and one for more active users living in the countryside.  

 Urban users 

To get in touch with urban users, Facebook groups and personal contacts were used. 

Malmö was chosen in the urban category since it’s Sweden’s third largest city [11] 

and therefore should be a representative candidate of cities. It also required a short 

traveling distance, thereby saving time and money. The test form sent out is found 

in Appendix C. 

2.4.2.1 First result 

In the interview form it said no stairs were used inside since the home building had 

an elevator. The reason for purchasing the stroller (which wasn’t from Thule) was 

that it was flexible and easy to bring. The only damage was to a splash guard that 

had gotten stuck in a bus door. 

There were mostly paving stone and stone tiles with different variations, as seen in 

Table 3. 

 

Table 3 - Terrain and obstacles during first urban test in Malmö 

Ground 
Length 

(m) 

Length 

(%) 
Events/Obstacles 

Frequency 

(no) 

Frequency 

(%) 

Asphalt 5 0.54 Curbstone 6 0.64 

Small gravel 0 0 Threshold 2 0.21 

Coarse gravel 0 0 Stairs 0 0 

Grass 0 0 Bumps 1 0.11 

Soil 0 0 Pothole 0 0 

Sand 0 0 Other** 3 0.32 

Snow/Ice 0 0    

Paving stone 367 39.38    

Stone tiles 560 60.09    

Wood deck 0 0    

Woodland* 0 0    

Stairs 0 0    

Total 932 100    

*def. as grass, soil, stones etc.  **Tiles with pattern for blind people 
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The stone tiles varied in size and shape. In a few places there was added 

orientation pattern for the visually impaired as seen in Figure 6.  

 

 

Figure 6 - Paving stone on the left, stone tiles with orientation pattern on the right 

2.4.2.2 Second result 

The ground was mostly small gravel and stone tiles. The most frequent obstacle was 

curbstone, as seen in Table 4.  

 

Table 4 - Terrain and obstacles during second urban test in Malmö 

Ground 
Length 

(m) 

Length 

(%) 
Events/Obstacles 

Frequency 

(no) 

Frequency 

(%) 

Asphalt 217 7.12 Curbstone 10 0.33 

Small gravel 1521 49.93 Threshold 2 0.07 

Coarse gravel 0 0 Stairs 0 0 

Grass 0 0 Bumps 0 0 

Soil 0 0 Pothole 1 0.03 

Sand 0 0    

Snow/Ice 0 0    

Paving stone 29 0.95    

Stone tiles 1279 41.99    

Wood deck 0 0    

Woodland* 0 0    

Stairs 0 0    

Total 3046 100    

*def. as grass, soil, stones etc. 
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The form said an elevator was accessible in the home building which lead to no 

stairs being used. The reason for buying the stroller (which wasn’t from Thule) was 

that it looked good and had good testing results. (These tests were not disclosed). 

The dad said the only time the stroller felt unsafe was when they changed the baby’s 

position while it was in the stroller. 

2.4.2.3 Summary and discussion of urban users 

During the project it became clear that gathering information about users, especially 

urban users, wasn’t the highest priority right now. To get a better understanding of 

user behavior, a lot more tests would have to be compiled and not enough time 

would be given during this master thesis. Therefore, only two urban users were 

examined. The conclusion from those two was that they mostly use their stroller on 

stone tiles, with small gravel as a close second which can be seen in  

Table 5. Curbstones were the most occurring obstacle, but they only covered 0.4 % 

of the route. Interestingly, none of the users used stairs during the routes since both 

had access to elevators. The result would probably be different if more users were 

tested and if other cities were explored.  

 

Table 5 – Summary of grounds and obstacles, urban users 

Ground Length (%) Obstacles Frequency (%) 

Asphalt 5.58 Curbstone 0.40 

Small gravel 38.24 Threshold 0.10 

Paving stone 9.95 Bumps 0.03 

Stone tiles 46.23 Pothole 0.03 

  Other* 0.08 

Total 100 

*Tiles with pattern for blind people 

 

 Countryside users 

Since the two pilot tests had provided sufficient data, those users were included in 

the countryside category. To get in touch with this user category, personal contacts 

were used.  

2.4.3.1 Third result 

This route had many kinds of grounds. A part of the route was completely flooded 

and was estimated to be woodland. In another part the gravel had washed away. This 

was estimated to be gravel road. Some of these grounds can be found in  

Figure 7.  
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Figure 7 - Flooded woods on the left, muddy (previously gravel) road on the right 

 

Another part of the route was gravel road with sand blown in from the beach. It was 

estimated to be sand. Some parts were easier to categorize such as grass, seen in  

Figure 8.  

 

 

Figure 8 - Grass on the left, gravel road with sand on the right 
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Small gravel was the most common ground, as seen in Table 6.  

 

Table 6 - Terrain and obstacles during countryside user test in Bjärred 

Ground 
Length 

(m) 

Length 

(%) 
Events/Obstacles 

Frequency 

(no) 

Frequency 

(%) 

Asphalt 1598 26.93 Curbstone 2 0.03 

Small gravel 2637 44.43 Threshold 2 0.03 

Coarse gravel 0 0 Stairs 0 0 

Grass 854 14.39 Bumps 10 0.17 

Soil 489 8.24 Pothole 29 0.49 

Sand 173 2.91    

Snow/Ice 0 0    

Paving stone 0 0    

Stone tiles 0 0    

Wood deck 0 0    

Woodland* 184 3.10    

Stairs 0 0    

Total 5935 100    

*def. as grass, soil, stones etc. 

 

The most occuring obstacle was potholes, seen in Figure 9.  

 

Figure 9 - An example of potholes in gravel road 

 

Overall, the owner hadn’t experienced any problems with the stroller (which wasn’t 

from Thule) according to the test form. 

2.4.3.2 Summary and discussion of countryside users 

Only three users were examined which is much less than needed when trying to 

make a reliable user profile. But as mentioned in the summary about urban users, 
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there wasn’t enough time during the master thesis to provide sufficient data for a 

complete user profile. The profiles could still be compared to future measured data 

to see if there is some correlation with real users.  

Countryside users mostly walked on small gravel and asphalt with potholes and 

stairs as the most frequent obstacles, which is seen in Table 7. Compared to the 

summary of urban users, which only consisted of 5.58 % asphalt and no stairs 

occurred, this seems a bit surprising since one might guess that asphalt and stairs 

would mostly be found in the cities. The numbers would probably be more 

representative with more user data, to better match the reality.  

Table 7 -  Summary of grounds and obstacles, countryside users 

Ground Length (%) Obstacles Frequency (%) 

Asphalt 33.72 Curbstone 0.08 

Small gravel 44.09 Threshold 0.04 

Coarse gravel 0.06 Stairs 1 

Grass 8.78 Bumps 0.18 

Soil 5.02 Pothole 1.06 

Sand 1.78   

Woodland* 5.59   

Stairs 0.95   

Total 100 

*def. as grass, soil, stones etc. 

 

Figure 9 shows different kind of potholes which indicates the difficulty of defining 

obstacles. Obstacles vary in nature and therefore, mapping obstacles was subjective 

and these will perhaps be more clearly defined in eventual future testing. 

2.5 Conclusion 

It won’t be decided where Thule should be on the normal curve in  

Figure 2 since not enough data has been collected to make a relevant data base. The 

most important thing obtained during customer profiling was the method to map the 

different grounds of a route. This method will be used later when mapping Thule’s 

own stroller routes – Track 1 and 2. The gathered user profiles could be compared 

to those results to find similarities or dissimilarities. 



25 

3 Use of accelerometer 

This chapter will describe the equipment and program used when collecting data 

from stroller routes. It will also mention basic knowledge needed to collect and 

handle data. 

3.1 Purpose 

Ground data collected from customer profiles should be translated into loads which 

occur on a stroller when rolling over those grounds. This is a way to describe how 

the stroller reacts when being subjected to alternate loads. These loads can be 

described as movement, or acceleration, in various directions. This data could be a 

tool to compare Track 1 and 2 with IrregularST. The movement of the stroller must 

be translated into acceleration and that is what accelerometers are for. 

3.2 Sensors 

The sensors, also called accelerometers, used by Thule are PCB Piezotronics TLB 

333B30. They can measure the acceleration in one direction [12] which requires the 

use of multiple accelerometers placed differently when measuring in many 

directions at the same time. The acceleration is measured in the unit 𝑔 = 9.81 m/𝑠2. 

An accelerometer is found in Figure 10. 

 

 

 

Figure 10 - The accelerometer Thule uses for measuring acceleration in one direction. The arrow 

is showing in which direction acceleration is measured. (Retrieved June 7, 2018, from 

http://www.pcb.com/products.aspx?m=tlb333b30). 
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The directions are defined as the X-, Y- and Z-axis which will be clarified later in 

this chapter. Six accelerometers were provided which means acceleration could be 

measured triaxially in two measure points, biaxially in three measure points etcetera, 

at the same time.  

The data retrieved during testing with sensors are saved and processed by a portable 

Siemens device called LMS SCADAS XS. A tablet is used to view the acquired data 

both during and after testing [13].  

3.3 Mounting sensors 

To be able to install the sensors and navigate the interface of the complementary 

technology, without risking compromising the retrieved data, all had to be examined 

and tested first.  

It was of utmost importance that the sensors were placed with precision according 

to Thule’s predefined directions, so that the data would be trustworthy and 

comparable. Those directions can be found in Figure 11.  

 

 

Figure 11 - Thule's predefined directions on stroller. (Note that the sensors can be attached 

anywhere, not only in the middle). 

 

To ensure the accelerometers were placed correctly, and aligned with the respective 

axis, an epoxy clay – LOCTITE EA 3463 – was used to sculpt leveled platforms on 

the stroller. The clay hardens slowly during use but becomes very stiff when 

Travel direction

X

Z

Y
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solidified [14].  Before it dried, a small metal block was attached using double-sided 

tape. This can be seen in Figure 12.  

 

Figure 12 – The leveled base for the sensors to be fastened upon 

 

The sensors could be attached on top of the block when the clay had hardened, again 

using double-sided tape.  

 

An example of how it looks when measuring triaxially in one point can be found in 

Figure 13.  

 

Figure 13 - Triaxial placement of accelerometers 
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3.4 Interpretation and filtering of data 

When looking at acceleration data collected from the sensors, large peaks at some 

points in time may occur. It could be interpreted as if the stroller is suddenly 

subjected to immense force that would mean it has been hugely displaced. This 

might not be the case. If a large peak occurs it could have a high frequency, but 

during a short period of time. This doesn’t have to be damaging to the stroller. A 

lower frequency during a longer period of time could be more damaging since the 

stroller could have been massively displaced. In Figure 14 there is a visual 

representation of this.  

 

Figure 14 - A visual representation of how a low frequency can affect an object more than a 

higher frequency. 

 

Filtering data is a way to get rid of frequencies that are not interesting regarding 

damage to an object. In the car industry for example, only frequencies between 0.5-

50 Hz are included after filtering. According to Mårten Elliot at Thule, higher 

frequencies than 50 Hz has been proven not interesting to include since those don’t 

contribute to any damage on the vehicle. Same goes for the frequencies lower than 

0.5 Hz [15]. It’s impossible to know from the beginning exactly which frequencies 

are damaging and several years of testing has narrowed the frequency span to 0.5-

50 Hz. According to Ida Jonsson, no knowable similar research or testing exists for 

strollers today, which is why testing will be necessary when filtering [16].  
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4 Critical measurement points 

This chapter will describe how measurement points on the stroller were decided and 

which they are. 

4.1 Purpose 

When measuring acceleration on strollers it is important to place the accelerometers 

on interesting points on the stroller to get relevant data. Interesting points can be 

where the acceleration is high or at places where there are limitations to how high 

the acceleration can be. But it is not obvious where those points are since different 

strollers have different designs and therefore different points of interest. If Thule 

wants to add a method with accelerometers to their internal standard it is important 

to make the test repeatable.  

4.2 Research 

To get deeper understanding of the subject, Patrik Spånglund at RISE – Research 

Institutes of Sweden – was contacted to answer questions about their testing of 

strollers. He himself had been working at RISE with standards like EN-1888 for 12 

years. He said that RISE doesn’t test with accelerometers on strollers at all. The only 

place he though was relevant to measure on was the mass in the stroller seat, which 

represents the child, in all directions. The child’s comfort could thereby be  

measured [17]. 

Another person at RISE, Gunnar Kjell, suggested having accelerometers as close to 

the ground as possible so that data wouldn’t be misrepresented by the stroller body. 

His reason was that if the stroller would be mounted on a vibrating table, the 

vibrations of the table must correspond to the vibrations of the stroller. If the 

accelerometers were placed higher in the stroller body, the stroller’s own dampening 

would distort the frequencies [18]. By placing the sensors lower, the frequencies 

tested could be determined to be the frequencies the stroller is subjected to. A 

vibrating table is a tool used by Thule and others today to test for example cargo 

carriers by subjecting them to frequencies that represent the use of customers. This 
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way of testing allows personnel to program the table to vibrate in a certain pattern 

for a defined period of time, mount the test object on top and then be able to test the 

product in the same way repeatedly. This makes sure that personnel don’t have to 

drive the car with the product themselves for a long period of time repeatedly, 

without the ability to do it the exact same way every time [7]. 

Further research showed that too vigorous shaking (Frequency: 2.5-3 Hz, 

Amplitude: 50 mm) of a child during a few seconds could lead to severe brain 

damage [19] which made it a matter of safety for the child to test the mass 

representing the child.  

Other points were more difficult to determine since no stroller is designed in the 

same way. It would be challenging to make a repeatable test if following Thule’s 

initial recommendation which was measuring on the front- and back-wheel axis 

beyond the child test mass. Not every stroller has both a front- and back-wheel axis 

which can be seen amongst Thule’s own strollers in Figure 15.  

 

Figure 15 – Thule Sleek on the left (front axis), Thule Glide 2 on the right (no front axis) 

 

According to the supervisor at the company, Ida Jonsson, it was not necessary to 

make the test repeatable to get the information needed. She said only Thule Sleek 

would be measured for now. Firstly, it would be tested outside in a real environment 

on Thule’s test routes – Track 1 and 2 – which were added to their internal standard 

in the end of March 2018. Later it would be subjected to IrregularST, to make it 

possible to draw conclusions about the credibility of the existing standard test [20].  

According to Mårten Elliot at Thule, it was important to measure in points which 

gave an idea of how the stroller moved during tests, both regarding rotation and 

translation. According to him the mass wasn’t the most interesting measure point 

regarding stroller movement. To be able to measure this, the sensors would have to 

be placed in such a way so they would create a plane and cover directions which 

gave information about the stroller body’s movement. This placement could 
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possibly be used later on Thule’s vibrating table. A suggestion of the placement, 

seen in Figure 16, was given by Mårten.  

 

Figure 16 - Stroller plane and which directions to measure, seen from above. 

 

In this configuration, rotation around every axis and translation in every direction 

could be measured [15]. The back-left wheel acts as a reference point. Only five 

accelerometers would have to be used, and the extra could be placed at the front in 

the y-direction. The hypothesis was, since the front wheels where movable 

sideways, a lot of movement would occur there. 

4.3 Testing sensors 

Measuring in the configuration as seen in Figure 16 and on the mass, would take 

two different sensor arrangements since it wasn’t possible to measure in all points 

at once. That would require nine sensors and only six were provided. A problem 

when changing the configuration could be that, if the stroller has large variations 

each time it’s maneuvered, the data could be compromised. To check if it was at all 

possible to get similar results at different times while walking with the stroller, a 

minor test was computed. The stroller was rolled on grass, asphalt with gravel on 

top and up and down curbstones several times to test the configuration. It seemed 

that the sensors gave similar results each time which indicated that it would be 

possible to measure in different configurations at different times and still get 

reliable, semi-repeatable data.  

Front
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4.4 Conclusion 

The configuration in Figure 16 will be used. When measuring on the mass, only the 

center of the mass will triaxially be measured. A summary of how the sensors should 

be placed during testing with Thule Sleek is seen in Table 8.  

 

Table 8 - Summary of sensor configurations 

Configuration 1 (front axis, back wheels) 
 

Sensor No. 1 2 3 4 5 6 

Placement 

of sensor 

Right 

back wheel 

Front, 

middle 

Front, 

middle 

Left back 

wheel 

Left back 

wheel 

Left back 

wheel 

Direction x y z x y z 

Configuration 2 (mass) 
 

Sensor No. 1 2 3    

Placement 

of sensor 

Mass  

center 

Mass 

center 

Mass 

center 

- - - 

Direction x y z    
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5 Testing of stroller 

5.1 Thule Sleek 

Thule Sleek is a four-wheeled stroller intended to be used by active parents in the 

city. It’s versatile with many add-ons such as a bassinet or a sibling seat. These can 

be mounted facing the parent or facing forward [21]. In Figure 17 these examples 

are found. During testing, the left version will be used. 

 

Figure 17 - Thule Sleek. The arrangement on the left will be measured. 

5.2 Compared tests 

Throughout testing, the requirements from Thule’s newer own standard – 20103 

Driving test of stroller – and the IrregularST, were followed. During all testing the 

stroller was loaded with its maximum weight which was a metal weight of 22 kg in 

the seat representing the child, and a 5 kg bag in the cargo space below the seat. The 

handle bar was in its most extended position and the seat in upright position. 

 20103 Driving test of stroller 

The stroller was subjected to Track 1 and 2 in Hillerstorp, Sweden, with each track 

providing different challenges for the stroller such as stairs, curbstone and 
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woodland. The walking speed should be 5 km/h. The requirements for passing this 

test were that the stroller was fully functional after both tracks and that safety 

regarding the stroller wasn’t compromised. 

 Irregular surface test 

This is one of the standard test the stroller should be subjected to according to EN-

1888. The stroller is mounted on a treadmill with two different kinds of obstacles 

defined in the standard, see Figure 18. The speed should be (5 ± 0.1) km/h and must 

pass over the configuration, seen in Figure 19, 72 000 times [22, pp. 27-28, 55-56]. 

The requirement for passing this test was that no breakage or deformation were 

allowed if it impaired the safety of the stroller. Observe that this test doesn’t demand 

the stroller to be fully functional after the test as for the 20103 Driving test of 

stroller.  

 

Figure 18 – Obstacle A to the left, obstacle B to the right 
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Figure 19 – Configuration of Irregular surface test 

5.3 Mapping Thule’s stroller route before testing 

 Purpose 

Knowing what grounds covered Thule’s two tracks could lead to an understanding 

of in which ways different grounds affected the stroller. 

 Method 

Previous testing with users had given a method to map the grounds and obstacles on 

Thule’s stroller routes. This time it had to be done more precisely to be able to 

compare collected data from the accelerometers with the route layout. Instead of 

making each ground a total sum, each distance with a different surface would be 
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mapped as a part percentage of the entire route. For example: If the sensors show 

high acceleration 10 % in on the route, the mapping should show which ground was 

present at 10 % in. In this way, more precise conclusions could be drawn about what 

the stroller reacts to. 

 Results 

5.3.3.1  Track 1 

Track 1 was examined using a map on which different grounds were noted. The 

summary can be found in Table 9.  

Table 9 - Summary of grounds on track 1, in order 

Ground Covered (% unit) Ground Covered (% unit) 

Asphalt 0-10.5 Wood deck 30.1-30.8 

Stairs 10.5-10.7 Woodland 30.8-41.6 

Asphalt 10.7-11.6 Asphalt 41.6-49.5 

Stairs 11.6-11.9 Steel 49.5-49.9 

Asphalt 11.9-12.2 Asphalt 49.9-80.1 

Stone tiles 12.2-12.3 Woodland 80.1-81.7 

Asphalt 12.3-12.5 Asphalt 81.7-87.4 

Coarse gravel 12.5-12.6 Coarse gravel 87.4-87.5 

Asphalt 12.6-18.3 Asphalt 87.5-87.7 

Woodland 18.3-19.9 Stone tiles 87.7-87.8 

Asphalt 19.9-26.8 Asphalt 87.8-88.1 

Small gravel 26.8-27.2 Stairs 88.1-88.4 

Asphalt 27.2-28.0 Asphalt 88.4-89.3 

Wood deck 28.0-28.6 Stairs 89.3-89.5 

Small gravel 28.6-30.1 Asphalt 89.5-100 

 

5.3.3.2 Track 2 

The same method as before was used and the summary is seen in Table 10.  
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Table 10 - Summary of grounds on track 2, in order 

Ground Covered (% unit) Ground Covered (% unit) 

Asphalt 0-22.8 Small gravel  39.8-41.9 

Coarse gravel 22.8-23.6 Wood deck 41.9-42.1 

Asphalt 23.6-23.9 Asphalt 42.1-46.1 

Coarse gravel 23.9-24.8 Woodland 46.1-49.3 

Asphalt 24.8-28.0 Asphalt 49.3-62.0 

Small gravel 28.0-29.7 Woodland 62.0-79.5 

Woodland 29.7-39.7 Asphalt 79.5-100 

Asphalt 39.7-39.8   

 Discussion 

The data can’t be considered reliable since it was challenging to mark the map 

accurately and objectively. This way of mapping is not effective when measuring 

precisely over a large distance. There are too many factors in play: how fast does 

the stroller go, which obstacles does the test person encounter etcetera. To get an 

actual understanding of the tracks, they would have to be measured while testing 

the stroller – not before. If a camera would be fastened on the stroller, the data from 

the accelerometers could be compared in retrospect to the timeline of the camera. 

This will not be done during this master thesis since it won’t add much value when 

comparing the different test methods.  

When the tracks’ grounds are compared with those collected from users in chapter 

3, it’s clear that they don’t cover the same things. For example, none of the tracks 

has paving stone. This seems like something Thule should test since urban users are 

likely to subject their strollers to paving stone and it could possibly result in higher 

vibrations in strollers. Small gravel and stone tiles are also underrepresented. Even 

if the user tests weren’t sufficient for a complete user profile, it seems Track 1 and 

2 represent a specific kind of user, not a majority. The tracks will still be measured 

for comparison with IrregularST.  

5.4 Testing Thule Sleek 

The stroller was tested with accelerometers on Track 1 and 2 in Hillerstorp and on 

IrregularST. The configurations in Table 8 were followed. 
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 Track 1 

Track 1 was measured multiple times with the two different configurations for 

comparison, but also because the accelerometers and the stroller prototype 

sometimes malfunctioned which compromised the data.  

 Track 2 

Track 2 was measured fewer times than Track 1 since nothing malfunctioned during 

this route, and because it was more time consuming. Configuration 2 was only 

measured once. 

 IrregularST 

The stroller was mounted on the treadmill and rolled over the obstacles for five 

minutes for each configuration. This was deemed sufficient time for such a 

repetitive test since no larger variations occurred.  

 Discussion  

To make the data comparable, it was important to try to walk as closely to 5 km/h 

as possible, like the speed in IrregularST. This turned out to be difficult as soon as 

the ground changed from, for example, asphalt to coarse gravel, or in steep hills. 

This lead to the data not being perfectly comparable.   

When measuring on the mass, it wasn’t possible to accurately keep the 

accelerometers in Thule’s predefined directions. This was because the mass shifted 

a lot in the seat during testing. The seat itself was not fixed but swayed while 

walking over obstacles which caused the sensors to not be leveled.  

The double-sided tape wasn’t secure enough to hold some of the accelerometers in 

place since many of them fell off during walks. It had to be complemented with 

other tape and covering plastic so that gravel wouldn’t make the tape less adhesive.  
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6 Analyzing data 

6.1 Purpose 

After data was acquired with accelerometers, a way to compare the data was 

required. The method used needed to make the information interpretable and 

comparable so that similarities and dissimilarities could be discussed. 

6.2 Method 

 Researching to find a suitable method 

6.2.1.1 Filter and frequencies 

When data from the sensors was collected, a filter which would clear the data of 

potential misreadings and background noise should be constructed. A bandpass 

filter was suitable for this, since it can eliminate both higher and lower frequencies 

[23]. The problem is knowing which cut off frequencies, seen in Figure 20, to use. 

The frequencies within the passband is included and then gradually phased out.  

  

Figure 20 - Function of a bandpass filter, with cut off frequencies before f1 and after f2 

 

As mentioned earlier, 0.5-50 Hz is used in the car industry, but a stroller is a 

completely different entity with other potential hazardous frequencies. To see which 
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frequencies were present during measuring, Fast Fourier Transform – FFT – was 

used. FFT is a way to determine which frequencies a signal is made of, and to see 

which one of them is most dominant [24]. The FFT could give an indication of how 

the filter should be designed. A visual explanation of how a FFT works can be found 

in Figure 21.  

 

Figure 21 – Visual representation of what a FFT does. The signal on the left is representing the 

data acquired from accelerometers. The FFT can be used to divide the signal in partial signals 

which can be read on the right as the different frequencies the signal consists of. A higher FFT 

peak indicates higher energy which means that it’s more dominant in the signal.  (Retrieved June 

4, 2018, from https://www.tes.com/lessons/WB4DKRQi1KBAMQ/eee208-workbook-and-notes). 

 

The goal was to find a way to easily compare graphs from the tracks to the graphs 

obtained from the IrregularST to see if they match. Comparing them was the 

challenge, which is why a doctoral student with knowledge regarding the subject, 

William Rosengren, was contacted. He and a colleague suggested a range of relevant 

ways to compare data, but too complicated for this master thesis. The conclusion 

was to find a “fingerprint” for each accelerometer’s data, which was to be compared 

to find a level of matching between Track 1/2 and IrregularST [25]. 

6.2.1.2 Software 

A suitable program for designing all the above was MATLAB. To filter data, design 

code and analyzing the result in said program, some outsourcing was made. A 

supervisor at LTH – Lunds Tekniska Högskola – was contacted. With him, function 

and esthetics regarding the code were discussed to increase usability [26]. 

 Finding a suitable method using FFT:s and Acceleration-graphs  

Acceleration- and FFT-plots were constructed to get an indication of how to design 

the filter and code. The preliminary cut off frequencies were 0.5-50 Hz. 

https://www.tes.com/lessons/WB4DKRQi1KBAMQ/eee208-workbook-and-notes
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6.2.2.1 Configuration 1 

In Figure 22 there is an example of how the filtered and unfiltered acceleration plots 

looked on the right back wheel in x-direction. The x-axis is time and the y-axis is 

acceleration. Track 1 and 2 have been marked with descriptions of grounds and 

obstacles near higher peaks.  

 

 

 

 

 

 

 

 

The IrregularST has a regularity in the unfiltered acceleration around 7g. The graph 

doesn’t show much acceleration in negative direction (the travel direction of 

stroller). Track 1 shows larger unfiltered peaks at about 20g and -30g during stairs, 

but most of the time displays less acceleration than the IrregularST. Track 2 doesn’t 

show higher unfiltered accelerations than in IrregularST for almost the entire time, 

but is similar near small gravel and woodland. When introducing a trial bandpass 

filter of 0.5-50 Hz the peaks decreased in value. IrregularST shows a constant 

maximal acceleration around 4g. Track 1 has its highest peaks around 10g and -20g, 

and Track 2 around 4g. The overall shapes of the graphs are the same. Acceleration 

graphs for the other sensors, and a discussion about their appearance, can be found 

in Appendix D.1.  

Figure 22 - Shows the filtered (red) and unfiltered (blue) acceleration for the sensor on the 

right back wheel in x-direction for IrregularST, Track 1 and Track 2 in configuration 1. 
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In Figure 23 are FFT:s for the entire length of all measurements on the right back 

wheel in x-direction. The x-axis is frequency and the y-axis can be called amplitude 

(note that it is not the amplitude of the oscillation). The IrregularST shows fewer 

frequencies than the tracks and more dominant frequencies around 1-25 Hz, while 

for Track 1 and 2 it’s around 1-60 Hz and 1-40 Hz. The FFT graphs for the other 

sensors, and a discussion about their appearance, can be found in Appendix D.2. 
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6.2.2.2  Configuration 2 

Configuration 2 displayed lower acceleration which is why the y-axis was 

decreased. Filtered and unfiltered data for the mass in x-direction was placed in the 

same plot for easier comparison, see Figure 24.  

 

Figure 24 – Shows unfiltered (blue) and filtered (red) acceleration for the sensor on mass center 

in x-direction for IrregularST, Track 1 and Track 2, configuration 2. 

 

The graph shows that filtering has very little impact on the data. It also shows that 

the mass has much lower acceleration than the wheels when compared to Figure 22 

and 23. The highest peak (around 2g) in Track 1 occurs during stairs. In IrregularST 

there is a peak at 2g, which seems to be random. IrregularST is mostly between 0.8g 

and -0.8g which is around the highest acceleration Track 2 shows during small 

gravel and woodland. The acceleration graphs from other sensors, and a discussion 

about their appearance, can be found in Appendix D.1. 
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In Figure 25 are FFT:s for the mass center in x-direction. The most dominant 

frequencies seem to be around 1-20 Hz for all plots. The FFT graphs for the other 

sensors, and a discussion about their appearance, can be found in Appendix D.2. 

  F
ig

u
re

 
2
5
 
- 

S
h

o
w

s 
th

e 
F

F
T

 
fo

r 
th

e 
se

n
so

r 
o
n

 
m

a
ss

 
ce

n
te

r 
in

 
x

-d
ir

ec
ti

o
n

 
fo

r 
Ir

re
g
u

la
rS

T
, 

T
r
a
ck

 
1
 
a
n

d
 
T

ra
c
k

 
2

, 

co
n

fi
g
u

ra
ti

o
n

 2
. 



45 

 Conclusion 

After studying the FFT:s for each sensor in Appendix D.2 on each track and 

IrregularST it was clear that there was no distinct frequency span to adapt the 

bandpass filter to. Even if a lot of the tracks’ FFT:s had the most dominant 

frequencies around 1-50 Hz in configuration 1, and around 1-20 Hz in configuration 

2, there were still many other interesting frequencies present. In configuration 1 

there where frequencies well over 100 Hz. The IrregularST’s FFT:s had mostly 

dominant frequencies around 1-20 or 1-25 Hz. Since all data should be filtered in 

the same way to make the data comparable, the various frequency spans offered a 

challenge. 

Seeing that the goal was to compare graphs with each other, it was decided that no 

filtering was needed. Multiple data from the same measurements showed no larger 

deviation which indicated that a filter wouldn’t change the acceleration graphs to a 

more comparable state. As seen in the acceleration plots in Appendix D.1, they still 

had a similar appearance after filtering which is why this was considered reliable.  

However, the acceleration plots contained many variations which made them harder 

to compare to one another.  

The FFT:s on the other hand gave a simpler overview. The “fingerprint”, mentioned 

in chapter 6.2.1.1, was therefore decided to be a graph representing peaks of the 

FFT. This became the method of evaluating data. Each accelerometer’s data from 

IrregularST, Track 1 and Track 2 would be found in one graph for comparison. This 

was considered a fast and easy way to see how similar the results were. The peaks 

were defined in MATLAB as the highest value found within the length of the x-axis 

divided with the number of frequencies. In other words, the program found the 

highest peak within the span of 1 Hz at a time. This would lead to some peaks being 

left out, but it was still considered the best way to get a clear visual representation 

of the FFT:s. 

6.3 Result 

The results for comparing data from accelerometers are peaks of FFT:s plotted in 

corresponding accelerometer graphs. 

In Figure 26 and 27 is a frequency peak comparison between Track 1, 2 and 

IrregularST in configuration 1 plotted in the same graph. The same for configuration 

2 is found in Figure 30. 

In Figure 28 and 29 the two tracks are in the same graph, while the IrregularST is 

by itself. The same for configuration 2 is found in Figure 31. This increased 

readability.  
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 Comparison FFT in same graph, configuration 1 

 

Figure 26 - The highest peaks from FFT:s from accelerometer 1, 2 and 3 on IrregularST and 

Track 1/2, configuration 1. 
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Figure 27 - The highest peaks from FFT:s from accelerometer 4, 5 and 6 on IrregularST and 

Track 1/2, configuration 1. 
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 Comparison FFT in different graphs, configuration 1 
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 Comparison FFT in same graph, configuration 2 

 

Figure 30 - The highest peaks from FFT:s from all accelerometers on IrregularST and  

Track 1/2, configuration 2. 
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 Comparison FFT in different graphs, configuration 2 
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6.4 Evaluation of data 

 Configuration 1 

In Figure 26 and 27 the amplitude for IrregularST is clearly a lot higher than for the 

tracks, sometimes more than 50 times higher. Perhaps this indicates that, even if 

similar frequencies occur during both tracks and the IrregularST, they occur more 

often in the test which makes the overall frequencies in the signal more dominant. 

This could happen since the acceleration graph from IrregularST shows the same 

accelerations during the entire time, but the tracks show a higher variety of 

acceleration and thereby not as prominent frequencies. It could also be because the 

stroller rolls more freely during IrregularST while during the tracks, the person 

rolling the stroller dampens the force at impact just by holding it. This could 

possibly lead to the stroller falling harder after a bump on the IrregularST than in 

real life, and therefore show a higher amplitude in the FFT. More knowledge needs 

to be found regarding this, since these are only guesses. 

When looking at Figure 28 and 29 the specific frequencies becomes clearer. The 

IrregularST always have more dominant frequencies just a bit below the frequencies 

of the tracks. They are still quite similar, but the tracks seem to have been subjected 

to much higher frequencies. One interpretation of this could be that the IrregularST 

doesn’t subject the stroller to as damaging frequencies. This doesn’t seem likely 

though since, even if the test subjects the stroller to lower frequencies, it seems to 

expose the stroller to more energy (a higher amplitude). And as mentioned in chapter 

3.4, a higher frequency doesn’t have to be more damaging. There is no indication if 

the slightly higher frequencies of the tracks are more harmful to the stroller. 

When looking at all comparisons between the two tracks, there’s an indication that 

Track 2 affects the stroller the least. It practically never has an acceleration over 

IrregularST, and is always below Tracks 1:s amplitude in all the FFT:s. The two 

tracks have quite similar appearances in the FFT:s though, which indicates that the 

stroller behaves similarly regarding frequency even with variations in the ground. 

From the plots for Track 1 and 2 in Appendix D.1 it can be deducted that 

acceleration during curbstones, woodland and small gravel is similar to the 

acceleration during IrregularST. 

 Configuration 2 

Figure 30 shows that IrregularST generates a much higher amplitude in the FFT:s 

than for Track 1 and 2, sometimes 60 times higher. But Figure 31 shows a high 

resemblance between the tracks’ and IrregularST’s dominant frequencies. Track 1 

and 2 are almost identical where Track 1 sometimes has a higher amplitude. As said 

in evaluation of configuration 1, it’s not clear why the IrregularST shows a much 
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higher amplitude. A future filter for testing on the mass could be around 1-25 or  

1-20 Hz since no other interesting frequencies seem to be present. 

Earlier it was mentioned that measuring on the mass would be interesting to evaluate 

the comfort of the child in the stroller seat. It looks like the seat dampens the higher 

frequencies which is probably comfortable for the child. The dangerous frequencies 

between 2.5-3 Hz with an amplitude of 50 mm doesn’t seem to occur. Even if the 

frequency span occurs, the amplitude was never as high as 50 mm (note that this is 

not the amplitude in the FFT) during testing. It would also have to happen during a 

few consecutive seconds, which none of the tracks or IrregularST implied it did.  
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7 Conclusion & Discussion 

This master thesis has been a project comparing the IrregularST with Thule’s tracks 

in Hillerstorp to see if they match. An important question to answer is if the 

IrregularST, Track 1 and 2 mirror the use of Thule’s customers. The answer is that 

no finite conclusions can be drawn from the data obtained. There would have to be 

more analyzing of data in various ways, which are discussed below. The following 

is the conclusion based on the collected data. 

The IrregularST and the two tracks in Hillerstorp seem to be testing different things. 

The IrregularST is aimed towards testing durability over a long period of time, 

whereas the tracks are for testing a simulated user situation during a short period of 

time. The IrregularST will affect the stroller constantly at a relatively low level of 

external impact. The tracks mostly have a very low impact, with few moments with 

notably high external force. It seems like IrregularST nearly simulates gravel, 

curbstones and woodland, but nothing else, on the tracks when looking at peaks in 

the acceleration plots. When looking at FFT:s, it seems like IrregularST and the 

tracks are equivalent only when measuring on the mass. All mass acceleration plots 

are also more alike than when measuring on the wheels.  

The premise of the comparison between IrregularST and the two tracks is that the 

tracks are a representative image of Thule’s customers use of their strollers. 

According to the limited data collected from real users, this is not the case. For 

example, the tracks don’t have paving stone at all. They don’t  nearly cover as much 

small gravel and stone tiles as the user tests suggest they should. The tracks are fine 

for testing strollers under development to see if they feel good to use, if they hold 

together during the tougher parts and to quickly discover any lack of safety. But if 

Thule wants to test user experience more accurately, a shorter track containing 

various grounds should be included in future testing. In this way, one could easily 

roll the stroller over several grounds in a short period of time. That could give an 

estimate of how the stroller copes with all grounds, regarding user experience.  

A recommendation to Thule would be that they define their customers’ needs more 

accurately. When knowing how their strollers are used they could put together a 

general customer profile for urban users and countryside users with a percentage of 

which grounds the stroller is subjected to. They could also more precisely define a 

life span for each stroller when knowing what it is subjected to. The grounds could 

be mapped using accelerometers and then the data could be transferred into a 

vibrating table which the stroller could be mounted upon. Thule already owns a 

vibrating table and perhaps it could be used for testing strollers. This could save 
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Thule a lot of time and manpower since walking the tracks repeatedly requires both. 

The tracks, the IrregularST and an eventual standardized customer profile test would 

greatly complement each other seeing that they cover different scenarios. 

Even if this study didn’t have to be repeatable for comparing the different tests, 

these results only show what happens when measuring on one stroller. It was also 

performed by the same person throughout testing. The study would have to be 

repeated with other strollers or test persons to confirm the data, and finding a way 

to make the process repeatable would simplify that process.  

To make all tests with accelerometers repeatable, a few changes would have to be 

made. Firstly, the placement of the sensors would have to be specified for all kinds 

of strollers. The placement could be on only the mass to test comfort and such. It 

would be important to secure the mass in the seat even more so that it doesn’t move 

around. On an eventual vibrating table, some of the accelerometers should be placed 

close to the wheels since that would show if the frequencies from the vibrating table 

are transferred up in the stroller body accurately. This could be standardized since 

all strollers have wheels and a test mass in the seat during testing. The most 

interesting directions to measure seems to be in z-direction for the wheels and 

triaxially on the mass.  

It looks like the mass isn’t exposed to a lot of acceleration according to the obtained 

data. But compared to the wheels the mass has a much higher weight. A higher 

frequency on something with low mass doesn’t have to be as damaging as lower 

frequencies on a heavy object. Measuring on the mass leads to more comparable 

graphs, which indicates that the mass is the measure point best represented during 

IrregularST. Even so, it seems important to make sure the entire stroller is 

represented during testing since breakage in any part can lead to child injuries.  

Further work could be to calculate partial damage during IrregularST and the tracks. 

This could give an idea of how much of Track 1 and 2 matches the partial damage 

of IrregularST. A clearer “fingerprint” could be defined, using MATLAB to find a 

way to compare a segment in the acceleration plots of the IrregularST with parts of 

Track1/2 to in the end get a percentage of how much they match. Based on the 

current graphs, the guess is that they wouldn’t match much. A comparison in the 

FFT:s would perhaps be more relevant since they show a summary of which 

frequencies are most prominent during all tests. The problem here is how to interpret 

the fact that the amplitude of the FFT:s for IrregularST sometimes is more than 50-

60 times higher than of Track 1 and 2. If they show similar frequencies but 

completely different amplitudes – are they then comparable? More research would 

have to be done in this area with people possessing more knowledge regarding FFT 

and frequencies.  

  



56 

8 Thoughts about master thesis 

 

 Difficulties and challenges 

The master thesis lasts for 20 weeks which isn’t a long time relative to the extent of 

the project.  

It took time before becoming more self-sufficient and less relying on Thule’s input, 

and it was hard to find any previous studies regarding the subject. Trying to 

understand what Thule sees for themselves in the future regarding strollers was 

challenging since they are relatively new to this. 

The process, that I thought would be straight forward, turned out to be iterative with 

many parallel projects going on at the same time. The project was quite sizable in 

the beginning and during the entire process numerous delimitations had to be made 

which changed the directions of the project. This was sometimes confusing and 

made it hard to see were the project was going, even if it was absolutely necessary. 

Some parts that took a lot of time turned out weren’t relevant to the outcome of the 

master thesis and some parts were left out due to lack of time. This could perhaps 

have been avoided if a clearer project description had been made earlier. A lot of 

time was spent waiting for answers when contacting people outside of the project 

for information, and some people never answered at all.  

Not living near Hillerstorp was a challenge. While I was there a lot of work was 

done, questions were answered fast and extensively, and if something went wrong I 

could fix it straight away. In Lund it was much harder to find things to do every 

minute of the day since I waited for people to get back to me and because I didn’t 

have access to any equipment.  

I wasn’t allowed to use some of the equipment myself. Fortunately, the employers 

at Thule often aided me when I needed it even if they themselves had a busy 

schedule.  
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 Reflection 

Relative to the extent of the project I am happy with how far the project came along. 

During the project I was less happy since I wanted to solve every problem presented 

to me and give Thule a great advantage on today’s market. I wish the results were 

more conclusive, but I think that some of it might be of use for the company anyway. 

Hopefully, other master thesis students can take over where I left off. Personally, I 

have learned a lot about how a real workplace works and how testing and 

development is done at Thule. I’ve learned more about how accelerometers work 

which will hopefully be of use to me in the future.  

If I were to do this project all over again I would define the project more clearly in 

the beginning. I would choose to either focus on customer profiling or analyzing 

data since both entails extensive work. I would make sure that I live near the 

company I work at which would increase my efficiency. I think I would have 

worked with another person to exchange ideas with continuously.  

I think I followed the time plan quite well, but there were a few major changes. 

More on this can be read in Appendix E. Planning absolutely helps to guide the 

project, but one must be prepared that nothing will happen as you thought it would.  



58 

References 
[1] About the Thule brand. (n.d.). Retrieved February 20, 2018, from 

https://www.thule.com/en-us/us/about-thule/about-the-thule-brand  

[2] Vd:n som gjorde om Thule till ett fritidsföretag. (2015). Retrieved February 20, 2018, 

from https://www.affarsvarlden.se/bors-ekonominyheter/vd-n-som-gjorde-om-thule-

till-ett-fritidsforetag-6762851 

[3] Year-end report, fourth quarter, October-December 2017. (2017). Retrieved February 

20, 2018, from http://www.thulegroup.com/afw/files/press/thule/201802136032-1.pdf 

[4] Jonsson, I., Structural analyst, Thule Group, Hillerstorp, Sweden. Personal 

conversation. (2018, February 14). 

[5] Survey finds more than 17,000 babies hurt in strollers each year. (2016). Retrieved 

March 14, 2018, from https://www.today.com/health/study-finds-more-17-000-

babies-hurt-strollers-each-year-t101941 

[6] Stroller Buying Guide. (2017). Retrieved March 14, 2018, from 

https://www.consumerreports.org/cro/strollers/buying-guide/index.htm   

[7] Gustavsson, E., Director Simulation and Testing, Thule Group, Hillerstorp, Sweden. 

Personal conversation. (2018, February 14). 

[8] Arvola, M (2014). Interaktionsdesign och UX. Lund, Sverige: Studentlitteratur AB. 

[9] Mät avstånd direkt på kartan. (n.d.). Retrieved March 12, 2018, from 

http://distansen.se/ 

[10] Åhman, D., Concept Design Manager, Thule Group, Hillerstorp, Sweden. Meeting. 

(2018, February 27) 

[11] Sveriges 10 största städer. (2017). Retrieved March 11, 2018, from 

http://topp10listor.se/sveriges-10-storsta-stader/  

[12] Product summary. (n.d.). Retrieved March 21, 2018, from 

http://www.pcb.com/Products.aspx?m=333B30 

[13] LMS SCADAS XS. (2018).  Retrieved March 29, 2018, from 

https://www.plm.automation.siemens.com/en/products/lms/testing/scadas-xs/ 

[14] LOCTITE EA 3463. (n.d.) Retrieved May 29, 2018, from 

http://www.loctite.se/loctite-4457.htm?nodeid=8802624569345  

[15] Elliot, M., Manager Dynamic and Environmental testing, Thule Group, Hillerstorp, 

Sweden. Personal conversation. (2018, April 10) 

[16] Jonsson, I., Structural analyst, Thule Group, Hillerstorp, Sweden. Personal 

conversation. (2018, April 11). 

[17] Spånglund, P., Test engineer, RISE Research Institute of Sweden, Borås, Sweden. 

Telephone conversation. (2018, March 23). 

[18] Kjell, G., Engineer, RISE - Department of Structural and Solid Mechanics, Borås, 

Sweden, Telephone conversation. (2018, April 5) 

[19] Koizumi, T., Tsujiuchi, N., Hara, K., & Miyazaki, Y. (2013). Dynamic Response and 

Damage Estimation of Infant Brain for Vibration. Department of Mechanical 

Engineering, Doshisha University. 

https://www.thule.com/en-us/us/about-thule/about-the-thule-brand
http://www.thulegroup.com/afw/files/press/thule/201802136032-1.pdf
https://www.today.com/health/study-finds-more-17-000-babies-hurt-strollers-each-year-t101941
https://www.today.com/health/study-finds-more-17-000-babies-hurt-strollers-each-year-t101941
http://topp10listor.se/sveriges-10-storsta-stader/
http://www.pcb.com/Products.aspx?m=333B30
https://www.plm.automation.siemens.com/en/products/lms/testing/scadas-xs/
http://www.loctite.se/loctite-4457.htm?nodeid=8802624569345


59 

[20] Jonsson, I., Structural analyst, Thule Group, Hillerstorp, Sweden. Telephone 

conversation. (2018, March 27). 

[21] Thule presenterar Thule Sleek, en helt ny fyrhjulig barnvagn för aktivt cityliv. (2017). 

Retrieved June 12, 2018, from http://www.thulegroup.com/sv/content/thule-

presenterar-thule-sleek-en-helt-ny-fyrhjulig-barnvagn-f%C3%B6r-aktivt-cityliv 

[22] European standard (EN). (2012). Child care articles – Wheeled child conveyances -

Safety requirements and test methods. (EN-1888). München, Germany: TÜV Product 

Service 

[23] Bandpass filter. (2006). Retrieved June 2, 2018, from 

https://whatis.techtarget.com/definition/bandpass-filter 

[24] 3Blue1Brown. (2018, January 26). But what is the Fourier Transform? A visual 

introduction by 3Blue1Brown [video file]. Retrieved March 28, 2018, from 

https://www.youtube.com/watch?v=spUNpyF58BY 

[25] Rosengren, W., PHD Student, Department of Biomedical Engineering at Lund 

University LTH, Lund, Sweden. Meeting. (2018, May 4) 

[26] Ekdahl du Rietz, J., Assistant, Department of design sciences at Lund University 

LTH, Lund, Sweden. Meeting. (2018, April 18). 

  

https://whatis.techtarget.com/definition/bandpass-filter
https://www.youtube.com/watch?v=spUNpyF58BY


60 

 Pilot test first draft 

A.1 The form 
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 User test form, country 
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 User test form, urban 
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 FFT and Acceleration 

Here is a summary and a discussion of all the graphs produced during researching 

an appropriate method to compare Track 1/2 and the IrregularST.  

D.1 Acceleration 

D.1.1 Configuration 1 

In Figure D.1, D.2 and D.3 are the filtered (0.5-50 Hz) and unfiltered accelerations 

from all sensors. All graphs represent configuration 1. 

From the figures it is seen that the filter 0.5-50 Hz affected all the plots similarly: 

the overall shape stayed the same while peaks were lowered.  

Track 1 is mostly lower than IrregularST with a few higher peaks. Track 2 only has 

a few peaks higher than the peaks in IrregularST in the z-directions. For practically 

all plots, the z-directions has the highest accelerations. The acceleration in the left 

back wheel in the y-direction is affected the most by the filter in all plots. When the 

Tracks’ plots are filtered, their peaks’ value often come closer to the peak value of 

the IrregularST. In the x-directions on IrregularST there is almost no negative 

acceleration. 

In eventual future testing it seems the z-directions are the most interesting to 

measure since they have the highest accelerations. The y-direction on left back 

wheel is the least interesting since it seems to consist of mostly noise.  
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D.1.2 Configuration 2 

In Figure D.4, D.5 and D.6 are the filtered (0.5-50 Hz) and unfiltered acceleration 

from all sensors in configuration 2.  

In the x-direction on the mass in IrregularST there is an abnormal pattern round 150 

seconds in. This hasn’t been seen on any other plot which is why this can be 

considered random.  

The filtering doesn’t affect any of the plots substantially. All plots have both positive 

and negative acceleration. IrregularST has similar maximal acceleration in all 

directions, around 0.8g and -0.8g, which is close to the higher peaks of Track 2. The 

highest peaks of Track 1 are more than twice as high. While IrregularST show 

lowest acceleration in y-direction, Track 1 has its highest acceleration in that 

direction.  
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D.2 FFT 

D.2.1 Configuration 1 

In Figure D.7, D.8 and D.9 all FFT graphs from configuration 1 can be found.  

The IrregularST shows mostly dominant frequencies around 1-25 Hz. In z-direction 

on left back wheel it shows dominant frequencies around 1-50 Hz. The FFT for the 

left back wheel in y-direction doesn’t level out as the other graphs. This could 

indicate that a lot of high frequencies under a short period of time occurs there.  

Track 1 has no distinct dominant frequency span. In the z-direction on the front there 

seems to be interesting frequencies well over 100 Hz. For the y-direction on left 

back wheel there is a peak around 190 Hz. This matches with the noise for the 

corresponding plot in IrregularST.  

Track 2 also has no clear frequency span, with the front in z-direction showing 

frequencies over 100 Hz. Once again, y-direction on left back wheel has a peak near 

190 Hz. Perhaps this is a normal frequency occurring near that sensor, or sound 

waves occurring in the stroller body. It won’t have much effect on the stroller 

though, since very high frequencies won’t lead to any displacement of the stroller 

wheels. 
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D.2.2 Configuration 2 

In Figure D.10, D.11 and D.12 the FFT graphs from configuration 2 can be found.  

IrregularST, Track 1 and Track 2 all seem to have dominant frequencies around 1-

20 Hz. There are a few differences in the overall shapes of the graphs, but in general 

they seem to match quite well. 
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 Work distribution and 

time plan 

In Figure E.1 there is the original project plan made in the beginning of this master 

thesis. In Figure E.2 the final project plan and the outcome of that can be found.  

Between the figures there are a few major differences. The first project plan in 

Figure E.1 has fewer and not as specified activities. When the master thesis was 

more specified, a new project plan was made which can be seen in Figure E.2. The 

biggest difference in the outcome of that plan was that testing the strollers took many 

more weeks than anticipated. Therefore, analyzing data couldn’t be commenced 

until later than assumed. 

In the beginning it was clear that making a customer profile wasn’t the highest 

priority which is why it ended mid-activity. Even if it would have been of high 

priority, the activity should had been much longer.  

The presentation was only a week delayed which is acceptable since a buffer of 

three weeks was planned from the start in case of problems during the project. This 

turned out to be true, so the buffer served its purpose.   
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