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Abstract: The article deals with issues of vehicle braking from different points of view. We made 

repeated braking tests of modern vehicles during intensive braking on various asphalt surfaces with 

the goal to evaluate character of this random variable. We dedicated our attention also to the 

accuracy attainable using various measuring methods and equipment. Within measurement of 

braking deceleration we used low-end measuring device (mobile smartphone) and measuring 

devices most used in Slovakia (XL Meter™ Pro Gamma). The collected data were processed in the 

software XL Vision and evaluated by SW PC-Crash 10.9. Usable result from article is mainly 

measurement set of braking deceleration of current modern vehicles during intensive braking on 

various asphalt surfaces as well as evaluation of accuracy levels with respect to various used 

devices. 
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1. Introduction 

The braking deceleration value during intensive braking belongs to the important input data of the 

accident analysis. Only a small number of measurements made with the current modern vehicles on 

common roads is published in the relevant literature. In this article the authors present their 

measurements results (modern vehicles decelerations) and also compare the different deceleration 

measurement methods mainly considering minimal measurement costs [1,2]. 

2. The Set of Measured Vehicles 

The set of vehicles, with which the individual measurements were performed, and also particular 

vehicle parameters and tyres are stated in the Tab. 1.  
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Table 1 Vehicles used and their parameters. Source: authors 

Vehicle 
Year of 

production 

Spent 

kilometers 
Type Producer 

Type, dimension, weight 

index, speed index, tyre 

profile depth 

Škoda Octavia Ambition 

Limousine 2.0 TDI, 110 kW 

2015 5 990 Summer Continental ContiEcoContact, 205/55 

R16 V, 91V, 8 mm 

Škoda Rapid 1.2 TSI 66 

kW, Spaceback Ambition 

2015 3 525 Summer DUNLOP SPORT 01, 185/60 R15, 

84H, 8 mm 

Škoda Superb Combi 2.0 

TDI DSG 140 kW, L&K  

2016 2 176 Summer Pirelli Cinturato P7, 235/40 R19, 

96W, 8 mm 

Škoda Yeti 1.4 TSI 

Ambition 

2015 4 200 Summer Continental ContiPremiumContact 2, 

215/60 R16, 95H, 8 mm 

VW e-Golf Comfortline 85 

kW 

2015 15 267 Summer Continental Conti.eContact, 205/55 R 

16, 91O, 8 mm 

Opel Zafira Cosmo 2.0 

CDTi 

2016 18 027 Summer Continental ContiSportContact 3, 225/50 

R17, 8 mm 

VW-Golf GTD Variant 135 

kW 

2015 14 638 Summer Bridgestone Potenza, 225/40 R18, 92Y, 

8 mm 

 

The individual intensive braking measurements were repeatedly performed on the different road 

surfaces, the driver was trying to reach an initial speed similar to the one from which the vehicle 

was fully braking, specifically 50 km/h, 70 km/h and 90 km/h. The individual measurements (the 

process of accelerating period and the intensive braking) were registered by the decelerometer XL 

Meter™ Pro Gamma (Inventure Automotive Electronics Research & Development, Inc.). 

For the comparison of the mean braking deceleration value evaluated from the record of the 

decelerometer XL Meter™ Pro Gamma and from the record of the mobile phone (Samsung Galaxy 

S5 mini) performed with the app Accelerometer Analyzer, the vehicles Opel Zafira and VW-Golf 

GTD and the measurement section no. 1 were used [3-5]. 

3. Measurement Sections 

The individual measurements were performed on more measurement sections. The section, in the 

following text referred to as “the first section”, or “the section no. 1”, consisted of the direct section 

of the road without superelevations, with an asphalt surface not entirely new, but with no visible 

defects, which is in a long-term operation. The section, in the following text referred to as “the 

second section”, or “the section no. 2”, consisted of a moderately curved road section (descending in 

the part where the driveaway was performed) with an entirely new – not yet put into operation - 

asphalt surface. Both section 1 and 2, as well as the detail of road surfaces, are shown at the Fig. 1 

and 2.   
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Fig. 1 Measurement section no. 1      Fig. 2 Measurement section no. 2 

4. Measurement Methodologies and Measured Data Evaluation 

All of the measurements were performed on the dry road surface by the decelerometer XL Meter™ 

Pro Gamma, placed on the windshield of the vehicle. The record of a particular measurement from 

the vehicle VW e-Golf from the starting point to stopping of the vehicle after the full braking is 

shown at the Fig. 3.  

 

 

Fig. 3 The process of acceleration and deceleration during the whole measurement. Source: [5] 

The detail of the recorded process of the vehicles’ deceleration during the intensive braking of 

the vehicle VW e-Golf is shown at the Fig. 4. 

 

 

Fig. 4 The process of acceleration and deceleration during the whole measurement. Source: [5] 
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The following procedure was used for the calculation of the mean braking deceleration value 

during the intensive braking: Using the backward integration of the deceleration process from the 

point of stopping of the vehicle after the intensive braking to the point of full braking deceleration 

we calculated the vehicle speed at the starting moment of the full braking deceleration [6,7]. Then 

using the backwards integration (of the calculated process of the vehicle speed) from the moment of 

vehicle stopping to the moment of the full braking deceleration we calculated the distance which the 

vehicle passed from the moment of full braking to the moment of stopping of the vehicle. By using 

the above described discreet values, the mean value of the vehicle deceleration during the intensive 

braking was calculated, using the following formula [3,4,8]: 

 
s

v
a

2

2

 ,    [m.s
-2

] (1) 

where: v - vehicles’ speed at the moment of the full braking deceleration [m/s], s - the distance 

which the vehicle passed from the moment of the full braking deceleration to the vehicles’ stopping 

[m]. 

 

During the braking process the vehicle, as well as the measuring device, is diving-in. 

Considering this, it is necessary to correct the mean braking deceleration value calculated as stated 

above. To make the correction it is necessary to know the vehicle diving-in angle (). The diving-in 

angle was set using the video made perpendicularly to the vehicle direction during both standard 

driving and intensive braking. Using these two videos the vehicle diving-in value was specified. 

Consequently it was possible to calculate the real value of the mean braking deceleration of the 

vehicle during the intensive braking, using the following formula [1]: 

 



tgg

a
a m

s 
cos ,    [m.s

-2
] (2) 

where: am - mean braking deceleration value calculated by the above stated method [m.s
-2

],  - the 

vehicle body dive-in angle during the intensive braking [], aS - the mean braking deceleration value 

corrected by the vehicle body dive-in angle [m.s
-2

]. 

5. Measured and Evaluated Values  

Table 2 shows the measured and evaluated data of the individual vehicles on the dry road surface of 

the first measured section. The column „Front seat passenger“ states whether there was one or two 

persons in the vehicle. The value V indicates the vehicle speed at the moment of full braking 

deceleration for the relevant measurement. The value s indicates the distance which the vehicle 
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passed from the moment of full braking deceleration till the vehicle stopping, during the relevant 

measurement. The value am indicates the mean braking deceleration value calculated with the above 

mentioned method during the relevant measurement (less the vehicle body dive-in angle correction) 

and the value aS indicates the mean braking deceleration value corrected by the vehicle body dive-in 

angle during the relevant measurement [9,10]. 

Table 2 Measured and evaluated data for the section no. 1. Source: authors 

Vehicle 
Temperature 

[°C] 

Front seat 

passenger 

V 

[km/h] 

s 

[m] 

am 

[m/s
2
] 

Dive-in 

 [°] 

aS  

[m/s
2
] 

Octavia 20 no 52.68 10.05 10.65 1.8 10.35 

Octavia 20 no 68.42 17.21 10.49 1.8 10.19 

Octavia 20 no 87.49 28.65 10.31 1.8 10.00 

Octavia 20 yes 48.92 9.06 10.19 1.8 9.89 

Octavia 20 yes 65.75 15.79 10.56 1.8 10.26 

Octavia 20 yes 93.6 32.48 10.41 1.8 10.10 

Rapid 20 no 46.7 7.93 10.61 1.8 10.31 

Rapid 20 no 64.63 15.01 10.74 1.8 10.43 

Rapid 20 no 83.21 25.2 10.60 1.8 10.30 

Rapid 20 no 48.95 8.57 10.79 1.8 10.48 

Rapid 20 no 67.98 16.78 10.63 1.8 10.32 

Rapid 20 no 83.66 25.48 10.60 1.8 10.29 

Superb 20 no 46.45 7.88 10.56 0.7 10.44 

Superb 20 no 72.56 19.62 10.35 0.7 10.23 

Superb 20 no 89.54 28.85 10.72 0.7 10.60 

e-Golf 31.5 no 49.85 9.48 10.11 1.6 9.84 

e-Golf 31.5 no 66.69 16.8 10.21 1.6 9.94 

e-Golf 31.5 no 86.61 28.01 10.33 1.6 10.06 

e-Golf 31.5 no 48.36 8.52 10.59 1.6 10.32 

e-Golf 31.5 no 66.3 16.52 10.27 1.6 10.00 

e-Golf 31.5 no 88.38 29.17 10.33 1.6 10.06 

Yeti 31.5 no 46.81 8.47 9.98 1.7 9.69 

Yeti 31.5 no 63.77 15.29 10.26 1.7 9.97 

Yeti 31.5 no 87.03 28.43 10.28 1.7 9.99 

Golf GTD 31.5 yes 47.74 8.1 10.86 1.5 10.60 

Golf GTD 31.5 yes 65.83 15.34 10.90 1.5 10.65 

Golf GTD 31.5 yes 83.65 24.33 11.10 1.5 10.84 

Golf GTD 30 yes 49.03 9.01 10.29 1,5 10.04 

Golf GTD 30 yes 67.92 16.56 10.75 1,5 10.49 

Golf GTD 30 yes 84.33 24.86 11.04 1.5 10.78 

Zafira 30 yes 51 10.69 9.39 0.9 9.23 

Zafira 30 yes 72.1 19.91 10.07 0.9 9.92 

Zafira 30 yes 90.53 31.57 10.02 0.9 9.86 

 

By processing the data for the section no. 1, the following frequency graph was created (Fig. 5).  
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Fig. 5 Frequency graph for the tab. 2. Source: authors 

Table 3 shows the measured and evaluated data for the individual measurements on the dry 

road surface of the second measurement section. 

 

Table 3 Measured and evaluated data for the section no. 2. Source: authors 

Vehicle 
Temperature 

[°C] 

Front seat 

passenger 

V 

[km/h] 

s 

[m] 

am  

[m/s
2
] 

Dive-in 

 [°] 

aS 

[m/s
2
] 

Rapid 20 no 51.1 9.84 10.24 1.8 9.93 

Rapid 20 no 65.26 16.06 10.23 1.8 9.93 

Rapid 20 no 86.97 28.53 10.23 1.8 9.93 

Rapid 20 yes 51.81 10.09 10.26 1.8 9.96 

Rapid 20 yes 67.74 17.33 10.22 1.8 9.91 

Rapid 20 yes 87.49 28.6 10.33 1.8 10.02 

Octavia 20 no 54.71 11.38 10.15 1.8 9.84 

Octavia 20 no 70.68 19.21 10.03 1.8 9.73 

Octavia 20 no 90.59 31.95 9.91 1.8 9.61 

Octavia 20 no 49.37 9.53 9.87 1.8 9.56 

Octavia 20 no 69.23 18.41 10.04 1.8 9.74 

Octavia 20 no 87.9 29.72 10.03 1.8 9.73 

Superb 20 no 49.32 9.3 10.09 0.7 9.97 

Superb 20 no 70.25 18.72 10.17 0.7 10.05 

Superb 20 no 90.79 30.68 10.37 0.7 10.25 

Superb 20 no 49.08 9.41 9.88 0.7 9.76 

Superb 20 no 64.99 15.91 10.24 0.7 10.12 

Superb 20 no 90.67 31.02 10.22 0.7 10.11 

e-Golf 31.5 no 45.36 8.05 9.86 1.6 9.59 

e-Golf 31.5 no 65.55 17.03 9.73 1.6 9.46 

e-Golf 31.5 no 84.17 28.31 9.65 1.6 9.38 

e-Golf 31.5 no 54 11.51 9.77 1.6 9.50 

e-Golf 31.5 no 68.87 19.17 9.55 1.6 9.28 

e-Golf 31.5 no 86.78 29.66 9.80 1.6 9.53 

Yeti 31.5 no 51.54 10.68 9.60 1.7 9.31 

Yeti 31.5 no 69.76 19.18 9.79 1.7 9.50 

Yeti 31.5 no 88.87 31.85 9.57 1.7 9.28 

Yeti 31.5 no 47.91 9.17 9.66 1.7 9.37 

Yeti 31.5 no 66.55 17.64 9.69 1.7 9.40 

Yeti 31.5 no 85.67 29.05 9.75 1.7 9.46 
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By processing the data for the section no. 2, the following frequency graph was created (Fig. 6). 

 

Fig. 6 Frequency graph for the tab. 3. Source: authors 

Using the data from both tables (2 and 3) the following frequency graph was created (Fig. 7). It 

clearly shows the character of vehicle braking deceleration during the intensive braking.  

 

 

Fig. 7 Frequency graph for the tab. 2 and the tab. 3. Source: authors 

Table 4 shows the comparison of the selected statistical parameters (arithmetic average, 

minimum, maximum, standard deviation) for the first and the second section on the dry road 

surface.  

Table 4 Measured and evaluated data. Source: authors 

Vehicle Section 

Measured 

deceleration value 
Arithmetical 

average of the 

deceleration 

Standard 

deviation of the 

deceleration min. max.    

Octavia 1 9.89 10.35 10.13 0.17 

Octavia 2 9.56 9.84 9.7 0.1 

Rapid 1 10.29 10.48 10.36 0.08 

Rapid 2 9.91 10.02 9.95 0.04 

Superb 1 10.23 10.6 10.43 0.18 

Superb 2 9.76 10.25 10.04 0.17 

e-Golf 1 9.84 10.32 10.04 0.16 

e-Golf 2 9.28 9.59 9.46 0.11 

Yeti 1 9.69 9.99 9.89 0.17 

Yeti 2 9.28 9.50 9.39 0.09 
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Table 4 follows, that the statistical parameters in the first section are similar to the statistical 

parameters in the second section. Arithmetical average of the deceleration in the first section is for 

each individual vehicle higher than in the second section. This statement is valid also for the 

minimum and maximum. The standard deviation in the first section is always smaller than in the 

second section [3,11].  

6. Accuracy Reached with the Use of the Smartphone 

The deceleration can also be measured with mobile phones. If a suitable measurement method is 

used, an acceptable accuracy is reached. Such mobile phone holder should be used, which enables 

the phone to be placed vertically, but has as little movable parts as possible, as these could either 

change the vertical position of the mobile phone during the measuring, or they could vibrate. To set 

the mobile phone into the vertical position an application Best Level was used, which shows in 

degrees the deviation of the mobile phone from the vertical axes [12,13].   

To compare the accuracy of the measurement performed by the mobile phone (Samsung Galaxy 

S5 mini) a series of measurements with the vehicles Opel Zafira and VW-Golf GTD were 

performed, where the vehicle deceleration was recorded by the decelerometer XL Meter™ Pro 

Gamma and also by mobile phone placed in the holders on the windshield (Fig. 8). The 

measurement was performed on the dry road on the section no. 1.  

 

 

Fig. 8 Mobile phones holders. Source: authors 

These measurements results comparison is shown in table 5. The value V indicates the vehicle 

speed at the moment of the full braking deceleration during the respective measurement. The value s 

indicates the distance which the vehicle passed from the moment of the full braking deceleration till 

the vehicle stopping during the respective measurement. The value ax indicates the mean braking 

deceleration value calculated by the above stated method during the respective measurement and 

using the XL-meter data. The value ap indicates the mean braking deceleration value calculated by 
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the above stated method during the respective measurement and using the mobile phone data. To 

record the individual data in the mobile phone the application Accelerometer Analyzer was used. 

 

Table 5 Measured and evaluated data from the XL Meter™ Pro Gamma and smartphone. Source: 

authors  

Vehicle 
XL Meter™ Pro 

Gamma 

S5 

mini 
ax - ap 

 
V 

[km/h] 

s  

[m] 

aX 

[m/s
2
] 

aP 

[m/s
2
] 

Golf GTD 47.74 8.1 10.86 11.0 -0.14 

Golf GTD 65.83 15.34 10.90 10.9 0.00 

Golf GTD 83.65 24.33 11.10 11.08 0.02 

Golf GTD 49.03 9.01 10.29 10.34 -0.05 

Golf GTD 67.92 16.56 10.75 10.73 0.02 

Golf GTD 84.33 24.86 11.04 11.11 -0.07 

Golf GTD 48.53 8.85 10.27 10.51 -0.24 

Zafira 51 10.69 9.39 9.25 0.14 

Zafira 72.1 19.91 10.07 9.94 0.13 

Zafira 90.53 31.57 10.02 9.85 0.17 

Zafira 50.86 10.74 9.29 9.27 0.02 

Zafira 51,1 10.95 9.20 9.16 0.04 

Zafira 70.39 20.45 9.35 9.31 0.04 

Zafira 85.69 31.65 8.95 8.79 0.16 

 

The following figure 9 shows the comparison of the deceleration recorded by the mobile phone 

Samsung Galaxy S5 mini (green colour) and by the decelerometer XL Meter™ Pro Gamma (red 

colour). The compliance of the measurements is very high (Fig. 9). For the evaluation of the 

medium deceleration value from the record created by the mobile phone software named Diag was 

created. It loads and graphically shows the recorded process and also filters the data and calculates 

the medium value during the full braking. 

 

 

Fig. 9 Deceleration development comparison. Source: authors 
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The methodology of the evaluation of the mean braking deceleration value by the mobile phone 

record was identical with the decelerometer XL Meter™ Pro Gamma measurements.  

7. Conclusion 

The authors of the article presented the compilation of executed and evaluated measurements of the 

mean braking deceleration value during the intensive braking. Measurements were performed on 

current modern vehicles on the dry asphalt surface. The authors introduced the possibilities of 

deceleration measurements carried out in a different ways and using different devices. 

Interesting results represent the deceleration values on the dry surface, surprisingly high average 

values between 9.34 and 10.43 m/s
2
. Finally, the obtained results and data can be further processed 

in forensic engineering. 
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