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Abstract

Ergonomic consideration is an important consideration for a well-designed bicycle. The aim
of this study was to evaluate the influence of seat height on the rider’s physiological and
psychological responses during riding. Riding comfort was assessed based on an
electromyogram measurement from the lower limbs, upper limbs, hips, and trunk of the body. A
questionnaire utilizing Borg’s scale and SD scale were also used to determine riders’ subjective
opinions regarding riding comfort. The relationship between riding comfort and seat height was
then established from the regression curve of the physiological and psychological responses
with respect to the seat height. Using these regression curves, one can determine the optimum
seat height for the comfortable riding posture. The results of this study can be used to develop a
riding simulation model on a computer, which may benefit the manufacturers and the designers
in the area of ergonomic bicycle design. The research using CAD systems looks for the standard
parameters of bicycle construction to set up a computer-simulated riding model. After creating a
data bank of riders’ physiological and psychological responses, one can analyze the parameters
of the comfortable riding model with computer simulation, including seat height and height of
handlebars.

The results of this research were listed below. (1) The iIEMG of lower body decrease with
seat heights significantly. The Borg’s values of total comfort sensation decrease with seat
heights also. (2) Both the iEMG of lower body and the Borg’s values of total comfort sensation
decrease with handle heights. (3) By using the comfortable riding model with computer
simulation, we can catch the optimum seat heights, handle heights, the iEMG of lower body and
the Borg’s values of total comfort sensation. Those will benefit the design of bicycle. The
computer simulation model established by this system will improve the development of
ergonomic analysis of bicycles and help design more comfortable bicycle for riding.
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1.Introduction

Riding comfort is closely related to human factors.
Long-duration-riding induced fatigue and its
subjective sensations must be considered in the
design of a bicycle. For an ergonomic study,
measurements of EMG for evaluating fatigue can
find a wide application in different areas. Borg’s scale
and the SD scale have also been widely used for
human psychological reactions, but few applications
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have been made to bicycle riding. This study utilizes
the aforementioned techniques to establish a database
of human physiological responses and psychological
responses while riding a bicycle. The database will be
used for establishing a computer simulation model
for riding, to assist bicycle manufacturers 'in
ergonomic design.

Although the development and manufacturing of
bicycles has been going on for more than forty years
in Taiwan, the riding comfort and-related human
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factors are still not well investigated. One article
mentions the specialty of the bicycle construction
with regard to the human body (Chen, 1995). Then
another article reports on a calculation of relative
human factors in bicycle riding and a discussion of
referable size and angles of joints (Juang, 1993).

As for the design of the frame system of a
bicycle, some schemes have used CAD systems,
but none of them have been united with human
factors. This research will create criteria for the
evaluation of bicycle design for comfortable
riding, which will serve as a reference for and
judgment of the frame design of bicycle, if these
are the best values obtained from the computer
simulation model. The following discussion of
parameter design will combine the frame with
comfortable riding situation, and determine the
height of the seat and handlebars within the best
riding values.

2.Human factors in bicycle riding

As for the human factors in bicycle riding, these
can be approached in three directions, namely (1)
anthropometry, such as calculations of the length and
angle of the joints; (2) physiological responses, such
as motion study, pressure analysis, and EMG analysis;
and (3) psychological responses, such as subjective
sensations.

Because of the promotion of quality of life,
the average height also is increasing annually.
In the century from 1900 to 2000, the average
height has increased to 7.5 cm (Sanders et. al.,,
1987). Just from 1975 to 1990, the average
height has increased at least 1.5 cm. Therefore,
the average height is currently more than 170 cm.
The body size of demonstration of computer
simulation model is based on a height of 170 cm,
and all the other relative calculations are for
every portion of the body. Similar calculation
has been mentioned in Japan (Noro, 1991).

As for the human factors of riding comfort, the
research in this section merely discusses the joint
angles in the first stage. These riding joints belong to
two groups of movable joints, namely 1) functional
exercise and 2) dissected exercise. Only functional
exercise is discussed in this study, since this is the
state of normal joints in exercise. Most articles on
human factors typically discuss the movable joints.
With regard to comfort, few articles can be found;
and they are typically very subjective. Table 1 is a
comparison of the calculations of joints with regard
to comfort between Juang (1992) and Chen and Wu
(1994). Here demonstrated the limitation for the
angles the joints of bicycle seat tubes. In order to
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make it more objective for comfort, this research will
determine the variable angles of joints and the result
of a subjective analysis to obtain a more objective
range for the comfort of joints in the future.

From the above relative research on bicycles, it is
not difficult to observe that human engineering on
riding comfort typically receives less attention. The
major aim of this research is to investigate a
comfortable range in various angles of joints and the
best height for the seat and the handlebars while
riding a bicycle. This research takes the opportunity
to review all the relative research about bicycles,
looking for the most comfortable joint angles of the
bicycle from the body, hands and feet. Then we
discuss how the size of the bicycle matches the body,
thereby determining a well-matched relationship
between the rider and the bicycle in this research.

As for physiological and psychological responses
to riding a bicycle, two types of bicycle have been
selected for the experiment, one general and the other,
suspension. Seat and handlebar heights of the
experimental bicycles are shown in Table 2. In this
experiment, the muscles which measured were eight
muscles, namely musculus flexor carpi ulnaris,
musculus triceps brachii, trapezius muscle, muscles
of lower lumbar, anterior tibial muscle,
gastrocnemius muscle, lateral vastus muscle,
semitendinosus muscle. The experimental riding time
is 30 seconds, and the recording time is 20 seconds,
extending from the 5th second till the 25th second.
Eight testers participated in the experiment. The
pedaling speed was kept at around 15 Km/hr. The
EMG data was directly recorded by the EMG
amplifier; and computer analysis system which can
directly analyze the EMG data.

Table 1. Comparison of Comfortable Angle of
Body Joints when Riding Bicycles

1993 Juang 1995
M SD Chen, Wu

Angle of Trunk Joint 3.8 1.2 -5~ 757
Angle of Shoulder Joint 58.1" 10.3° 35"~ 90°
Angle of Elbow Joint 155.7 1.8 95°~ 180°
Angle of Hip Joint 94.1° 6.0 30°~ 80°

446 7.3+
Angle of Knee Joint 65.9° 6.7 60°~ 130°

131.6" 13.2°

Angle of Ankle Joint 78°~ 102°

Remark: * means after adjustment so that these two
comparable bases can be unified.

The overall comfort sensation was obtained by use
of Borg’s category-ratio scale (Borg, 1982). Borg’s
category-ratio scale was used for testing the total
comfort sensation in the present study since this scale
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is a ratio scale. Let the total comfort sensation be
casily estimated, the value of this scale was increased
10 times (e.g. 0 is “Nothing at all”, 100 is “Very very
uncomfortable”). The comfort sensations in four
portions of the riders’ bodies were also obtained by
use of the semantic differential method.

Table 2 Experimental conditions

from the body showed higher at seat height S1 than at
seat height S4. The subject felt more uncomfortable
in the hips at seat height S1 and S2 than at seat height
S3 and S4.

When riding a general bicycle, the total comfort
sensation significantly depends on seat height
(p<0.001) and handle height (p<0.05). Especially, the
comfort sensation showed more uncomfortable in
higher seat heights or in higher handle positions.

Seat Handle

height height

St 82 S3 S84 Hl H2

General bicycle 730 674 618 562 1005 968

Suspension bicycle 706 674 642 610 991 913
Unit: mm

An electromyogram shows the state of the
muscles’ movements. To compare the amount of the
load on each muscle, the electromyogram was
integrated with respect to time within the recorded
time interval. This quantity is denoted as iIEMG

For the gastrocnemius muscle, the values of iEMG
under experimental condition S1/H1 was higher than
that under other the experimental conditions (p<0.05)
when riding a general bicycle. However, the results
of ANOVA showed no significance for the iEMG of
other muscles of the lower limbs. The total value of
the iEMG from the upper body tended to increase
with respect to seat height when riding a general
bicycle, although it was not significant. The trend of
the lower body was similar to that of the upper body.
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Fig 2 Total comfort sensations with different
bicycle seat and handle heights

Results of the ANOVA showed that seat height had
significant effects on the comfort sensation of the
upper limbs (p<0.05) and hips (p<0.001) when riding
a suspension bicycle. The subject felt more
uncomfortable in the upper limbs and hips at seat
height S1 than at other seat heights. Furthermore,
handle height also had significant effects on the
comfort sensations of the upper limbs (p<0.05) and
body (p<0.05) when riding a suspension bicycle. The
subject felt more comfortable with a higher handle
condition.

When riding a suspension bicycle, the total
comfort sensation was significantly dependent on seat
height (p<0.05), but not dependent on handle height.
The comfort sensations showed more uncomfortable
at higher seat heights than at other seat heights.

3. Introduction to computer simulation
model for riding comfort on bicycle

The riding model with computer simulation is
based on both the results of the anthropometry of
bicycle riding and the data bank of riders’
physiological and psychological responses. The main
task of this computer simulation model is to
determine the comfortable seat height and the height
of handlebars. This research uses Auto CAD as the
visual screen, Auto LISP language for programming
and constructing the parameter design system, a DCL
language program as an interacting speech icon. The
process of computer simulation program’s running
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will be following the steps as below:

(1) Choose the item of “Load model” in Riding
model menu, then the computer will transfer the
image directly into AutoCAD system

(2) Choose “Human body size” tool on the menu.
There are ten kinds of body sizes, and one kind free
set for free selection.

(3) To choose “Bicycle frame” size, there were
already established 5 kinds frame of bicycle, and one
kind free frame size for free selection.

(4) To choose “Miscellaneous™ tool. This can change
display process from other option on the window.
Execute the procedure and image, there are six ways
to offer. .

(5) To choose “Run” tool, it will start calculate the
best fitting angle for seat height and handle height.

We select two different body sizes and bicycle
sizes. The one is standard body size, and best fitting
angle. It uses 600 styles bicycle frame. The other is
already change body size, and changed the best
fitting angle value. It uses 500 styles bicycle frame.
Then we started run the program. Input the bracket
shell point on the AutoCAD drawing area. After
choosing an appropriate position for the height of
handlebar and saddle seat, the system will be on the
stage of execution automatically.

Program execution result as figure 3 and figure 4.
We can see the display on the screen. It has three
main categories. One is man figure of drive bicycle.
Other is bicycle height of handle bar. Three is Seat
height, electromyography (EMG) value and Borg’s
scale value.

The handle bar of bicycle has two different
results. The 500 styles handle bar height value is
from 0 to 350mm. But 600 styles handle height
value is from 0 to 550mm. So range of 600 style
is wild for fitting handle bar height.
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Fig3 Output of running results

The 500 styles fitting range is from 569 to 689mm
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for seat height. Its EMG value from 2.233 to 2.521.
Sometimes its Borg’s scale value is lower 28.145.
The Borg’s scale value is subjective physiology
evaluate. So we can know the standard man what is
normal status ride 500 styles of bicycle. But the
subjective physiology evaluate of 600 styles is over
28 on 697mm of seat height. So we can judge its best
fitting seat height is from 629 to 680mm.
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Fig4 Output of running results with different human
body size
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4. Conclusion

In conclusion, the psychological responses were
more affected by seat height during riding bicycle.
The total comfort sensation during riding bicycle
could be calculated by the regression equation of the
psychological responses. Using those regression
equations, the best seat height can be evaluated for
the most comfortable riding posture. The data of this
study can also be used to set up the riding simulation
model of bicycle on computer to improve the
development of ergonomics on bicycle and help
design the most comfortable riding bicycle.

The research is to analyze the riding model of
bikes with computer simulation and to find the
contrast position for suitable saddle seat and the
handlebar. As to the manufacturer, the design of
Human Factors Engineering and the evaluation on
riding are definitely the kind of assistance and
positive meaning. Except to attain the request of the
above functions, this research will satisfy the users
with the convenience of the enjoyment and learning
this computer system. The system has the following
uniqueness after testing and evaluating as,

1) The function of offering the message to-the
operating assistance: During executing, the program
will always supply the message of feedback to users
to help finish the analysis as soon as possible.

2) The design of highly friendly interface for users:
The display of icon image will let the user understand
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the information easily and increase the friendliness
and choice of the program.

3) The environment of easily operating parameter
design: The speech icons of human body information
in parameters will let the users to finish the
environment of information input fast.

4) The creativity of specialist system: To create
specialist system of bikes and the relative
calculation of human body can execute and
investigate the requested target based on its
bikes and human body by its accumulation and
exercise of information under the control
direction from the users.

The direction of following-up research will create
the information for human standard riding size, the
evaluation of tiredness and subjective comfort for
bikes' designers, adjust the relative operating
interface and make the operation more correspond to
humanity. Finally this adjustment of riding model of
bikes with computer simulation will be expanded
flexibly to other cars or models and thus to improve
and to develop the above information for the design
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of bikes' construction surely benefits the sale of the
domestic and foreign marketing.

(NSC-88-2213-E-212-018)
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