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Abstract 
The purpose of this study is to clarify the driving behavior and reaction pat-
tern peculiar to the elderly. In this paper, we conducted a brake operation 
experiment with five young people, and aimed to create an evaluation index 
and an experimental method that can extract the characteristics of emergency 
brake operation from pedaling force and lower limb movement. The results 
showed that in order to operate the brakes strongly and quickly, the knee was 
firmly flection, and then the pedaling force was increased when the knee was 
extended. Furthermore, it was shown that if the brakes were operated without 
moving the ankle joint, the operation would be quicker. 
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1. Introduction 

At present, Japan’s total population is declining, but the aging rate is rising, and 
the percentage of the population aged 65 and over in the total population (aging 
rate) was 27.7% as of October 2017. The trend is expected to continue in the fu-
ture, with the aging rate reaching 38.4% in 2065, and one in 2.6 people is pre-
dicted to be 65 or older [1]. Social issues associated with this aging include in-
creasing social security benefits such as pensions, medical care, and welfare [2], 
building a comprehensive regional system to support the elderly, securing hu-
man resources necessary for nursing care [3], Although there are various types, 
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traffic accidents involving the elderly are also important issues [4]. 
The number of traffic accidents has decreased for 13 consecutive years since 

2005 and the number of fatalities has been decreasing for 6 consecutive years 
since 2012. On the other hand, in traffic accidents involving the elderly, both the 
number of incidents and the number of deaths are increasing [5]. The main fac-
tors are demographic changes (increase in the elderly population due to the baby 
boomers reaching 65 years of age or older) [4] [5], and changes in physique due 
to aging (obesity) [6]) And bone mineral density [7], and decreased driving abil-
ity (physical ability) [3]. In this study, this study focuses on the physical ability of 
the elderly. 

In recent years, traffic accidents due to erroneous operation of the brake pedal 
and accelerator pedal of the elderly, which has become a social problem, have 
increased [8]. One of the reasons is thought to be the decrease in physical ability 
due to aging [3] [5]. 

Research on the arrangement of brake pedals and step-changing operation 
of automobiles has been conducted for a long time. In examining the ar-
rangement of brake pedals, a study focused on step-changing time [9] and 
quantification of muscle action during operation by EMG measurement Some 
studies [10], as well as studies that clarified the characteristics of the difference 
in the changeover time between young people, the elderly, and men and women 
[11]. In addition, recently, accident analysis from accidental operation of the 
brake pedal by elderly people has revealed factors that clarify factors in sitting 
posture and driving operation [12] [13]. Such research has been focused on the 
brakes of the elderly and young people, such as deciding the position of the 
brake pedal, which is less erroneous operation and operation load in designing 
the vehicle, and enlightening the elderly in safe driving. This is a useful result 
to reduce traffic accidents due to pedal misoperation. However, there has been 
a study to quantitatively clarify this by focusing on human physical characte-
ristics such as how to use the muscles and movements of the driver who oper-
ates the brake pedal, cognitive functions, and the decline in physical functions 
with age absent. 

Therefore, the purpose of the research is to clarify the effect of deterioration of 
physical characteristics due to aging on the brake pedal operation (below brake 
operation) of a car. The relationship between the treading force and the lower 
limb movement (changes in the angle of the knee and ankle joints) due to the 
brake operation was examined. In addition, for the actual experiment, we also 
extracted defects such as measurement items. 

Note that the “emergency” brake operation performed in this preliminary ex-
periment does not simulate a specific driving scene of actual driving, but con-
siders the pedaling force exerted in the braking operation to be the force exerted 
by the lower limbs (muscle strength), and The action was to extract the charac-
teristics of lower limb movements when they occurred. The contents are intro-
duced below. 
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2. Method 

The participants were five healthy men (aged 22 to 55) who had no abnormal 
motor function. This study was reviewed by the Ethics Committee of Teikyo 
University, and informed consent was given to experimental participants. 

Figure 1 shows a schematic diagram of the experimental apparatus. A real ve-
hicle (without a license plate) that can travel was used for the experiment. And 
the brake pedal was used as it was. The pedal effort during the brake operation 
was obtained from the hydraulic pressure of the brake unit, and the lower limb 
movement was analyzed from the side of the driver’s seat with a high-speed 
camera (250 fps) to capture the movement of the lower limb during braking. Af-
ter that, the images taken with FrameDIAZV (manufactured by DKH) were di-
gitized to obtain two-dimensional coordinate values, then converted to real 
length, and the knee and ankle angles were calculated. In addition, a lamp (LED 
type synchronizer @ DKH) was installed so as to be positioned in front of the 
driver’s seat as a signal to start the brake operation simulating “urgent”. 

Participants were seated on the test vehicle seats, and the position of the seats 
was adjusted as much as possible to make it as easy to drive as possible. Next, the 
trainer was given approximately 15 minutes of practice time to get used to oper-
ating the operating devices (brake, accelerator pedal, steering, etc.) of the expe-
rimental vehicle. 

In the experiment, the braking operation was performed by static operation, 
which operates slowly without regard to speed, and dynamic operation, which 
simulated “emergency”. The static operation was a trial in which the maximum 
stepping force at which the muscular strength of the lower limbs was generated 
was performed, and the player stepped all the way without worrying about the 
speed once. Next, in the dynamic operation simulating “urgent”, when the lamp 
(in Figure 1) was lit, the operation of depressing twice strongly as soon as possi-
ble was performed twice. At that time, the acquisition of treading force data was 
performed as static and dynamic operations, and the lower limb movement was 
photographed only with dynamic operations. 

3. Results 

Figure 2 shows the time history chart of the pedaling force. The maximum value  
 

 
Figure 1. Setup of car experiment and measurement value. 
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was read for the static treading force, and the maximum value was read for the 
other dynamic treading force as the treading force (the maximum value of the 
initial gradient) instantaneously generated by the participants. The joint angles 
of the lower limbs (knee and ankle joints) were defined as the maximum amount 
of change in the bending and extension of each joint during brake operation, 
based on the joint angle before operation. 

First, as shown in Figure 3, features were extracted from the relationship be-
tween the ratio [%] of the dynamic maximum pedaling force to the static and the 
change in the angle of the lower limb (knee/foot joint). Table 1 shows the corre-
lation coefficient between the leg force [%] and the lower limb angle (Knee and 
Ankle flection and extension). In this paper, we used Pearson’s product-moment 
correlation coefficient to determine the relationship between the two variables, 
and determined that a risk factor (P-value) of less than 5% was significant. 

As a result, there was a strong correlation between the ratio of treading force 
and knee flexion (r = 0.843, p < 0.05) and the ratio of treading force and knee 
flexion + extension (r = 0.719, p < 0.05). Although there was no statistical signi-
ficance between the ratio of the treading force and the flexion + extension of the 
ankle joint, there was a tendency that the greater the ratio of the treading force,  

 

 
Figure 2. Measuring point of pedaling force-time history. 

 

 
Figure 3. Scatter plot of Ratio of pedaling force and Lower limb movement. 

https://doi.org/10.4236/eng.2020.127032


M. Makita et al. 
 

 

DOI: 10.4236/eng.2020.127032 461 Engineering 
 

the greater the ankle plantar flexion movement. 
Furthermore, when the relationship between the lower limb joint angles for 

Less 100% (Dynamic is lower than static) and Over 100% (Dynamic is higher 
than static) was calculated, there was no statistically significant correlation be-
tween them. However, participants who were Less 100% tended to increase their 
ankle flexion. 

Next, the instantaneous force [kgf/s] was defined as the slope obtained by di-
viding the dynamic pedaling force of 10 kgf by the time of occurrence. Figure 4 
shows the relationship between the instantaneous force [kgf/s] and the lower 
limb movement (Knee and Ankle flection and extension). 

Table 2 shows the correlation coefficient between the instantaneous power [kgf/s] 
and the lower limb movement angle (Knee and Ankle flection and extension). 

As a result, a strong negative correlation was found between the instantaneous 
power and the ankle flexion (r = −0.670, p < 0.05), and between the instantane-
ous power and the ankle movement (flection and extension r = 0.748, p < 0.05), 
there was a moderate correlation between the instantaneous force and extension 

 
Table 1. Relationship between lower limb joint kinematics and pedaling force during 
braking movement. 

 

Knee Ankle Flection + Extension 

Knee  
Flection 

Knee  
Extension 

Ankle  
lection 

Ankle  
Extension 

Knee Ankle 

Correlation coefficient 0.843 0.54 0.445 0.546 0.719 0.59 

P-value 0.011 0.110 0.206 0.105 0.017 0.073 

Less 100% Correlation coefficient 0.559 0.346 0.773 0.264 0.459 0.690 

P-value 0.274 0.531 0.075 0.639 0.390 0.142 

Over 100% Correlation coefficient 0.242 −0.249 0.385 0.530 −0.066 0.494 

P-value 0.805 0.799 0.684 0.555 0.947 0.588 

 

 
Figure 4. Scatter plot of Instantaneous force and Lower limb movement. 

https://doi.org/10.4236/eng.2020.127032


M. Makita et al. 
 

 

DOI: 10.4236/eng.2020.127032 462 Engineering 
 

Table 2. Relationship between lower limb joint kinematics and instantaneous pedaling 
force during braking. 

 

Knee Ankle Flection + Extension 

Knee  
Flection 

Knee  
Extension 

Ankle  
Flection 

Ankle  
Extension 

Knee Ankle 

Correlation coefficient −0.340 0.255 −0.670 −0.605 0.110 0.748 

P-value 0.350 0.491 0.032 0.063 0.770 0.011 

Less 100% Correlation coefficient −0.455 0.500 −0.627 −0.439 0.458 0.685 

P-value 0.395 0.342 0.202 0.415 0.391 0.146 

Over 100% Correlation coefficient −0.385 0.004 −0.867 −0.831 0.147 0.863 

P-value 0.685 0.997 0.186 0.234 0.882 0.192 

 
of the ankle (r = −0.605, p = 0.063). Furthermore, there was no correlation be-
tween lower limb movements (Knee and Ankle) for Less 100% and Over 100%. 

4. Discussion 

Static and dynamic brake operation experiments were conducted by five partici-
pants, and the characteristics of the change in the angle of the lower limbs (knee 
and ankle joint) with respect to the stepping force ratio [%] and the instantane-
ous force [kgf/s] were extracted. The characteristic of the change in the angle of 
the lower limb (knee and ankle joint) with respect to the percentage of the 
treading force [%] is that there is a strong correlation between knee flexion and 
flexion + extension. It is considered that you are operating. 

In addition, we tried to extract the characteristics of the pedaling force ratio 
[%] for each of Less 100% and Over 100%. However, no useful results were ob-
tained. One of the reasons is that this paper is a preliminary experiment and the 
number of participants is small. In the future, it is necessary to increase the 
number of participants in the experiment through additional tests and to im-
prove the accuracy of feature extraction from the acquired data. 

Next, regarding the characteristics of the change in the angle of the lower limb 
(knee/ankle) with respect to the instantaneous force [kgf/s], the higher the in-
stantaneous force, the smaller the flexion movement of the ankle joint. It became 
clear that the bending motion was small. This suggests that the brake was ap-
plied so that the lower limbs were pushed forward with the hips without bending 
the ankle joint and then straightening the leg without extending the ankle joint. 
The video analysis was attempted on the result of suspicion of the brake opera-
tion (braking operation by stretching the lower limb or body between the seat 
and the brake pedal) due to the movement of the trunk and thigh (extension of 
the hip joint) was difficult. Therefore, in future follow-up tests, it is necessary to 
improve the extraction accuracy of features from the acquired data by adding 
measurement items such as the angle change of the hip joint and the relative po-
sition between the experiment participant and the seat. 
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Furthermore, the relationship between the instantaneous force [kgf/s] and the 
change in the knee and ankle angles for Less 100% and Over 100% was ex-
amined, but no statistically significant correlation was observed in any of the 
evaluation items. As mentioned above, this test also has additional data, espe-
cially in the vicinity of 1000 [kgf/s], so we want to try to increase the number of 
participants in the experiment and increase the accuracy of feature extraction 
from the acquired data. 

Here, the ratio of the pedaling force [%] was 100% for the first time and 100% 
for the second time (Less 100% (1st time: 110%, 2nd time: 73%)). Figure 5 shows 
the time history of the knee angle change (dotted line) with respect to the ankle 
joint angle change (solid line). The time when the lamp was turned on and the 
lower limb movement was started was set to 0 [s], and the first lower limb angle 
was set to 0 [˚] so that the characteristics of the angle change from that time 
were easily extracted. As a result, in the first time of Over 100% compared to the 
second time of Less 100%, the ratio of the change in the knee joint angle from 0 
[s] to the change in the angle of the entire lower limb (knee + ankle joint) was 
large. In other words, it is considered that a strong tread force was generated by 
extending the knee joint. 

Next, focusing on the instantaneous power [kgf/s] (1st time: 1705.8 kgf/s, 2nd 
time: 338.0 kgf/s), when the same consideration is made, the first time is better 
than the second time. As in the case of the treading force, the ratio (contribu-
tion) of the change in the knee joint angle from 0 [s] to the change in the angle 
of the entire lower limb (knee + ankle joint) was large. From these facts, in order 
to apply the brake quickly, it is thought that it is better to bend the knee joint 
and then perform the braking operation to extend the knee joint firmly. A simi-
lar tendency can be seen in the time history data of other experiment partici-
pants. In addition to the percentage of treading force [%] and instantaneous 
force [kgf/s] discussed in this paper, the lower limb angle per hour. It is neces-
sary to consider the rate of change in the evaluation as an evaluation index for 
the follow-up test. 

5. Conclusions 

An emergency braking operation experiment was performed by five test participants  
 

 
Figure 5. Changes in joint angles during brake operation. 
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(young people). The results of statistical analysis of treading force and the max-
imum value of the change in the angle of the lower limb showed that the bend-
ing force was increased when the knee was bent, then the knee was extended, 
and the treading force was increased. Furthermore, it was shown that if the 
brakes were operated without moving the ankle joint, the operation would be 
quicker. 

In addition, from the time axis data of each participant, it was shown that us-
ing the knee joints might be effective for performing the braking operation 
strongly and quickly. 

In addition to increasing the number of participants in the experiment, addi-
tional measurements will be taken, such as changes in the angle between the 
trunk and thigh (hip joint), the relative position between the participant and the 
seat, and evaluation indexes based on time series. It was suggested that the pos-
sibility of clarifying the characteristics of the data that was unclear in this paper 
could be clarified by adding. 
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