
V.G. Duffy (Ed.): Digital Human Modeling, HCII 2009, LNCS 5620, pp. 365–374, 2009. 
© Springer-Verlag Berlin Heidelberg 2009 

Determining Cockpit Dimensions and Associative 
Dimensions between Components in Cockpit of  

Ultralight Plane for Taiwanese 

Dengchuan Cai, Lan-Ling Huang, Tesheng Liu, and Manlai You 

National Yunlin University of Science and Technology, Graduate School of Design,  
123 University Road, Section 3, Douliu, Yunlin 64002, Taiwan, R.O.C. 

caidc@yuntech.edu.tw 

Abstract. The cockpit dimensions of ultralight plane were determined by suing 
body and subjective dimensions of Taiwanese. The side view of the cockpit was 
a trapezoid. The length of the top and bottom sides were 707 and 1773mm, its 
height was 1280mm. The front view of the cockpit was a rectangle a width of 
856mm. The length from SRP to the back and bottom side of the cockpit were 
588 and 104-260mm, respectively. The length, width, and height from SRP for-
ward, sideward, and downward to the elevator center were 380-568, 246-319, 
and 168-254mm. The length, width, and height from SRP forward, sideward, and 
downward to the throttle center were 356-555mm, 255-328, 179-264mm, respec-
tively. The length from SRP to the rudder pedals was 712-885mm and its angle 
was 48°. The depth and width of the seat were 238-360 and 396mm, respec-
tively. The height and angle of the seatback was 554 and 91-121°. 
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1   Introduction 

Safety is the most important factor considered in flight activities. A good arrangement 
of controls in the cockpit should be fit to the body dimension measurements of the op-
erators, thus facilitating the effectiveness of learning and operation ([11], p. 711). Cock-
pit design being not fit to body dimensions may result in errors. Kinnersley & Roelen 
[8] concluded that over 50% of flight accidents were induced by design problem. Dam-
bier & Hinkelbein [3] reported that over 72% of flight accidents occurred in private 
flights due to human error. Most ultralight planes used in Taiwan were imports and were 
not fit to Taiwanese anthropometric data. For example, the rudder pedal was designed 
too far and too low for average Taiwanese and the seat was not adjustable ([2], p. 2).  

Although many studies have been reported cockpit dimensions and the association 
dimensions between controls [9, 10 pp.278, 11, 12 pp.39-349, 16] (Dupuis et al 
(1955), Dupuis, 1957). Goossens et al. [5] suggested the seats design principles for 
aircrafts and Wiley & Sons ([15], pp. 398) recommended for that for cars. However, 
due to ethnic variation, the cockpit should be designed to fit various populations. For 
example, Kennedy [7] researched that the cockpit dimensions in relation to Ameri-
cans size compared with various other populations. He specifically studied the eye 
height (sitting), and found the average American was higher by approximately 30mm 
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compared to the Japanese, and 70mm compared to the Vietnamese; regarding the 
shoulder height (sitting), American and the Japanese were almost similar, and higher 
approximately 40mm compared to the Vietnamese; the length of the legs of the aver-
age American was longer by approximately 50mm compared to the Japanese and 
60mm compared to the Vietnamese; therefore, the rudder pedals must be moved to 
the rear 100mm for the Japanese and 120mm for the Vietnamese respectively. These 
results show the anthropometry differences among the various populations. 

In order to conform to pilot anthropometry and the operation space, the ultralight 
plane cockpit design needs to consider the positions of the controls other than con-
structing the cockpit dimensions. There are three controls in the ultralight plane: the 
elevator controls the tilt angle of the horizontal or vertical for the airframe. The rudder 
pedals control the direction of the horizontal or vertical for the plane, and slowdown 
the wheels when the plane lands. The throttle controls the flight speed. The pilots 
need these controls to be coordinated for hands and legs during the entire flight pro-
gram. In order to let the pilot be able to operate the controls quickly and correctly, it is 
important the control interface conform to pilot requirements. 

To reduce the discomfort and risk of injury for pilots, the cockpit and the control 
positions design should conform to the anthropometry for male and female pilots. 
This study’s aim was constructing cockpit dimensions and associative dimensions 
between the three controls and seat for Taiwanese pilots and design a more comfort-
able cockpit seat that enhances cockpit performance. 

2   Methods 

2.1   Measurements of Body Dimensions and Subjective Comfort Dimensions 

Two types of measurements for Taiwanese were measured, the body dimension and 
subjective comfort dimensions. Subjects were measured on 14 body dimensions by 
the standard posture. Furthermore, 25 subjective comfort dimensions were measured 
while sitting on a pilot seat and operating ultralight plane controls, including elevator, 
throttle and rudder pedals. Those dimension are shown in Table 1. 

Table 1. The definition of anthropometric and subjective comfort dimensions for the Cockpit  

Anthropometric Dimensions Subjective Comfort Dimensions 
1. Stature (a) 1. Length to rudder pedal (Lr) 
2. Sitting height (b) 2. Height to rudder pedal (Hr) 
3. Shoulder height (sitting) (c) 3. Angle of seatback (As) 
4. Upper arm length (d) 4. Popliteal angle (Ap) 
5. Elbow rest height (sitting) (e) 5. Rudder pedal angle (Ar) 
6. Elbow to elbow breadth (f) 6. Length to elevator (Lfe) both hands 
7. Elbow to grip length (g) 7. Width to elevator (Wse), both hands 
8. Arm length (h) 8. Height to elevator (Hue), both hands 
9. Shoulder breadth (i) 9. Elbow angle for elevator (Aee), both hands 
10. Buttock-popliteal length (j) 10. Shoulder angle for elevator (Ase), both hands 
11. Popliteal height (k) 11. Length to throttle (Lft), both hands 
12. Hip breadth (sitting) (l) 12. Width to throttle (Wst), both hands 
13. Head height (m) 13. Height to throttle (Hut), both hands 
14. Head breadth (n) 14. Elbow angle for throttle (Aet), both hands 
 15. Shoulder angle for throttle (Ast), both hands 
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2.2   Subjects 

One hundred fifty university students (75 males and 75 females) ages 18 - 32 years 
with a mean age of 24.2 years (SD = 2.7) participated. Subjects were students at Na-
tional Yunlin University of Science and Technology, Taiwan. 

2.3   Apparatus and Procedures 

There are two main experimental instruments in the study. One of them was a set of 
Martin’s anthropometric measuring instrument, including stature gauge, beam calli-
pers, slide callipers, outside callipers, tape measure, and ruler. The other instrument 
was a simulated Cockpit for subjective comfort dimensions measurement which is a 
platform provides subjects operating the controls (the elevator, the throttle and the 
rudder pedal) and establishing their subjective comfort dimensions. The simulated 
Cockpit was made by the study including six adjustment parts: a) the tilt angle of the 
seat’s back, with an adjusted range between 90° and 140°. The tilt angle of the seat 
surface was limited to 6° by Stinton [12]; b) the length from SRP to the rudder pud-
dle, with an adjusted range between 600 and 900mm; c) the height from SRP to the 
rudder puddle, with an adjusted range between 0 and 300mm; d) The tilt angle of  
the rudder puddle, with an adjusted range between 0° and 90°; e) The position of the 
elevator in three dimensions (forward and backward, leftward and rightward, and 
upward and downward). The elevator was located at 450mm forward, 300mm side-
ward and 200mm upward from the SRP. The adjustment ranges were 600mm along 
each dimension; and f) The throttle position in three dimensions. The throttle was 
located at contrast side of the body with same specifications to of the elevator. 

The experiment was conducted in an ergonomic laboratory at university. First, the 
researcher explained the experimental goals and guidelines to the subjects. Then, the 
subjects were measured for the fourteen anthropometric dimensions (see Table 1). 
Second, the subjects were invited to sit down on the seat in the cockpit and asked to 
operate the three controls (throttle, elevator, and rudder pedals) and adjust the three 
controls to optimum position until they felt comfortable. Finally, the twenty-five sub-
jective comfort dimensions were recorded.  

3   Results 

3.1   Body Dimension and Subjective Dimension Measurements 

Tables 2 showed the mean, the 5th percentile, and the 95th percentile of the body 
dimension measurements for males and females. Table 3 showed the results of com-
parisons between the males and females. The table showed all the anthropometric 
measurements for males were greater than for females except in term of elbow rest 
height which was not significant different. 

The study selected the reference groups aged 18-24 years and 45-64 years for both 
genders from Taiwanese anthropometric database [13] that they were fit the range of  
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Table 2. The statistics of body dimensions measurements for males (unit: mm) 

Dimensions Males Females 
 Mean 5% 95% Mean 5% 95% 
Stature (a) 1726.6 1618.8 1815.0 1604.0 1535.6 1659.0 
Sitting height (b) 919.9 856.0 970.4 860.8 815.4 920.0 
Shoulder height (sitting) (c) 601.3 552.0 644.0 568.8 524.0 603.6 
Upper arm length (d) 341.5 300.8 383.4 313.2 289.8 332.2 
Elbow rest height (sitting) (e) 263.1 190.8 324.8 254.7 179.8 313.0 
Elbow to elbow breadth (f) 412.9 389.8 458.2 363.0 325.0 398.6 
Elbow to grip length (g) 316.1 277.8 345.2 280.8 261.8 303.0 
Arm length (h) 745.2 660.0 825.2 681.4 626.2 735.0 
Shoulder breadth (i) 450.4 358.2 541.0 405.2 324.0 459.0 
Buttock to popliteal length (j) 456.4 419.8 510.0 427.6 389.0 464.0 
Popliteal height (k) 416.3 384.0 455.4 385.0 356.6 418.4 
Hip breadth (l) 336.3 297.2 383.8 324.5 285.6 367.6 
Head height (m) 237.1 220.8 257.4 223.1 205.8 240.2 
Head breadth (n) 168.8 155.8 182.2 163.0 150.0 178.4 

Table 3. Comparisons between males and females and between this study and others  

Dims This study Wang et al. [13] t-values of comparisons 
 Male Female Male Female (A)-(B) (A)-(D)  (B)-(F)  
 (A) (B) 18-24 

(C) 
45-64 
(D) 

18-24 
(E) 

45-64
(F) 

    

(a) 1726.6 1604.0 1717 1661 1597 1546 15.14 ** 10.08 ** 12.03 ** 
(b) 919.9 860.8 913 893 858 839 11.23 ** 6.92 ** 6.17 ** 
(c) 601.3 568.8 599 593 564 554 7.26 ** 2.047 *  5.03 ** 
(d) 341.5 313.2 339 328 311 298 8.80 ** 4.80 ** 9.81 ** 
(e) 263.1 254.7 261 262 253 256   1.28  0.23  -0.29  
(f) 412.9 363.0 408 429 360 393 14.59 ** -6.71 ** -12.38 ** 
(g) 316.1 280.8 312 301 278 265 12.44 ** 6.17 ** 10.94 ** 
(h) 745.2 681.4 744 713 677 654 9.59 ** 5.92 ** 7.15 ** 
(i) 450.4 405.2 449 451 401 426 6.56 ** -0.11  -5.01 ** 
(j) 456.4 427.6 -- -- -- -- 7.45 ** --  --  
(k) 416.3 385.0 414 395 384 372 10.46 ** 9.40 ** 6.62 ** 
(l) 336.3 324.5 335 347 323 344 2.92 ** -3.62 ** -7.01 ** 
(m) 237.1 223.1 235 227 222 219 7.89 ** 7.72 ** 3.46 ** 
(n) 168.8 163.0 168 164 161 164 4.45 ** 5.52 ** -1.06  

* p< 0.05, ** p< 0.05, *** all t-vales of (A)-(C) and (B)-(E) were not significant.  
 
 

population for flitting ultralight plane. The anthropometric data were compared with 
the two age groups. Table 3 showed the analytical results. For the males, all the 
measurements of this study were equal to that of group 18-24 years, and were greater 
than that of group 45-64 years except in terms of elbow rest height and shoulder 
breadth being equal to, and elbow to elbow breadth and hip breadth being less than. 
For the females, all the measurements of the study were equal to that of group 18-24 
years, and were greater than that of group 45-64 years except in terms of elbow rest 
height and head breadth being equal to, and shoulder breadth, elbow to elbow breadth, 
and hip breadth being less than. 
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Table 4. The measurements of subjective comfort dimensions for males (unit: mm) 

Dimensions Males Females t-value 
 Mean 5% 95% Mean 5% 95%  
Rudder pedal    

Lr 830.0 755.8 884.8 782.3 726.2 827.6 8.98 ** 

Hr 208.3 128.0 260.0 178.2 124.8 228.6 5.65 ** 
Ar 46.2 26.6 64.2 50.6 37.8 64.0 -3.21 ** 
As 110.3 97.8 121.2 102.8 91.0 112.0 7.58 ** 
Ap 120.3 109.8 133.0 125.3 115.0 135.0 -4.41 ** 
Elevator    
Lfe (Left hand) 514.6 437.6 570.0 470.3 425.4 521.4 6.82 ** 
Wse 290.2 260.0 320.0 280.5 263.6 313.0 3.46 ** 
Hue 209.6 154.0 256.0 204.6 140.0 271.0 0.97  
Aee 120.0 106.8 133.2 130.3 115.0 148.0 -6.13 ** 
Ase 11.4 7.0 20.4 10.3 5.0 16.0 2.07 * 
Lfe (Right hand) 512.2 419.6 565.2 469.6 438.0 505.2 4.95 ** 
Wse 290.4 262.8 316.2 280.2 256.8 304.4 3.71 ** 
Hue 210.0 165.0 254.0 204.7 147.0 258.0 0.87  
Aee 119.6 104.0 135.2 130.2 114.0 145.0 -6.98 ** 
Ase 11.7 7.0 16.0 10.3 5.0 16.2 2.22 * 
Lfe (Both hands) 513.5 427.7 567.8 470.0 429.7 516.0 8.07 ** 

Wse 290.3 262.6 319.0 280.3 257.0 306.2 5.09 ** 
Hue 209.8 157.8 254.0 204.7 145.8 262.8 1.30  
Aee 119.8 105.6 135.0 130.2 114.6 146.0 -9.26 ** 
Ase 11.5 7.0 18.9 10.3 5.0 16.0 3.04 ** 
Throttle    
Lfe (Left hand) 480.1 413.4 550.0 440.3 392.6 488.6 6.80 ** 
Wse 299.9 269.6 335.0 290.2 271.0 307.4 3.70 ** 
Hue 224.1 156.6 263.2 219.2 166.8 272.0 0.95  
Aee 115.1 98.0 131.2 125.3 104.6 143.2 -5.50 ** 
Ase 16.5 9.8 25.2 14.8 8.0 20.2 2.30 * 
Lfe (Right hand) 480.3 395.0 555.2 440.0 360.0 500.0 5.47 ** 
Wse 300.1 279.8 325.0 290.3 265.6 316.8 4.08 ** 
Hue 224.1 155.6 264.2 219.6 159.4 280.0 0.79  
Aee 115.0 95.8 130.2 125.2 109.8 139.0 -5.90 ** 
Ase 16.3 9.0 25.0 14.8 8.8 21.2 2.06 * 
Lfe (Both hands) 480.2 396.7 555.0 440.2 386.6 498.9 8.54 ** 

Wse 300.0 273.1 327.8 290.2 268.1 314.0 5.50 ** 
Hue 224.1 161.6 264.0 219.4 162.8 276.7 1.23  
Aee 115.0 98.0 131.0 125.2 109.0 142.0 -8.07 ** 
Ase 16.4 9.6 25.0 14.8 8.0 21.0 3.10 ** 
* p < 0.05, ** p < 0.01. 

Tables 4 showed statistics of the measurements of the subjective comfort dimensions 
for males and females. The analytical results indicated that the length (t=8.98, p<0.01) 
and height (t=5.65, p<0.01) of the SRP to the rudder pedal for males were longer than 
for females. The angle of seatback for male was greater than for females (t=7.583, 
p<0.01). However, with regard to the popliteal angle (t=-4.407, p<0.01) and the rudder 
pedal angle (t=-3.209, p<0.01) for males were less than for females (Table 6). The  
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results illustrated that the flitting posture was more tilt in seatback, more bend in knee, 
and more flat in feet for male than for females. 

For the length and width of SRP to the controls including elevator and throttle for 
males were longer (forward) and wider (sideward) than for females regardless in left 
or right hands. However the height of the controls was not different between the both 
genders (Tables 6 and 7). The elbow angles for operating elevator and throttle for 
male were smaller than for female. However the shoulder angles (abduction angle of 
upper arm) for male were larger than for female. That is the females preferred to put 
the controls to be farther away from the body than males. The result maybe explained 
because the force of females was smaller than males; therefore, if a large force needs 
to be exerted, and the elbow angle must be larger. 

Comparison analysis was used to test the difference between the left and right hand 
on the five measurements of subjective comfort dimensions for operating elevator and 
throttle by male and female respectively. The five measurements were the length, 
width and height from SRP forward, sideward, and upward to the controls, and the 
elbow and shoulder angles for operating the controls. The results showed that the all 
the five measurements between left and right hand were not significantly different. 
Therefore we combined the tow measurements of the two hands to one group for 
further analysis. 

The results of comparisons between operating elevator and throttle on the five 
measurements of subjective comfort dimension for left and right hands respectively. 
The results illustrated that all the three dimension positions, elbow and shoulder angle 
were significantly different. The length and elbow angle for operating elevator were 
longer and lager than for throttle. However, the width, height and the shoulder angle 
for operating throttle were wider, higher, and lager than for elevator. That is when 
operating an elevator people tend to erect the forearm and adduct the upper arm so 
that the three dimension positions for the elevator were farther, more centered and 
lower than the throttle, vice versa. 

3.2   Correlation Analysis for Deriving Critical Body Dimensions 

After analyzing the correlation between the measurements of body dimensions and of 
the subjective comfort dimensions, the results showed the length of SRP to the rudder 
pedal was most relevant with stature (0.75) and the height of SRP the rudder pedal 
was most relevant with the popliteal height (0.51). The length from SRP forward to 
the elevator and throttle were most correlated to the elbow to grip length with correla-
tion coefficients of 0.67 and 0.66 respectively. Both widths from SRP sideward to the 
elevator and throttle were most correlated to the elbow to elbow breadth with correla-
tion coefficients of 0.60 and 0.61 respectively. The heights from SRP upward to the 
elevator and throttle were most relevant with elbow rest height by correlation coeffi-
cients of 0.62 and 0.64 respectively.  

3.3   Calculation of the Subjective Dimensions for Specific Groups 

To conform with the pilot requirements for cockpit design, the study defined the pilot 
age from eighteen to sixty-four years. Some countries define the driving minimum 
age as eighteen [6], and the maximum age as sixty-four years because the sixty-five 
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years was considered to be aged adults [17]. The study estimated the subjective di-
mensions for the group of 45-64 years. The ratio of the subjective dimension divided 
by the its most correlated body dimension of this study could be given with Equation 
1, then the subjective dimension of the predicting group can be calculated by using 
the ratio multiplied by the corresponding body dimension.  

(1).......... 
group specificdimension body 

group specific ofdiemnsion  subjective
R 

study  thisofdimension body 

study  thisofdimension  subjective ==
 

3.4   Determining the Positions of the Rudder Pedal, Elevator, and Throttle 

The study constructed cockpit dimensions and the controllers’ positions for the eight-
een to sixty-four years old Taiwanese. The controllers of the cockpit were designed 
for adjustable. For the rudder pedal’s position, the length from SRP to the rudder 
pedal, we suggested a range from the 5th percentile for 45-64 year-old females by 
Wang et al [13] and the 95th percentile for males by this study which were 712-
885mm. The height from SRP to the rudder pedal, we used the same principle for the 
two groups which was 104-260mm. The distance between the two rudder pedals. This 
study applied the hip breadth average for the population which was 330mm. the rud-
der pedal width, Roebuck et al [10] suggested the width should be 152mm. The tilt 
angle of the rudder pedal, the study used the average for the study which was 48°. The 
stroke length of the rudder pedal, Stinton [12] suggested the adjusted range to be 
±75mm. 

We suggested a range from the 5th percentile for 45-64 year-old females by Wang 
et al [13] and 95th percentile for males by this study the to determine the control 
three-dimension positions. The results were showed in Table 10. The length, width, 
and height from the SRP forward, sideward, and upward to the center of the hand grip 
for the elevator were 380-610, 246-319, and 168-254mm respectively, and to the 
throttle were 356-555, 255-328, and 179-264mm respectively. The elbow angle for 
operating the elevator and throttle were 125° and 120° respectively, and the upper arm 
(shoulder) angle for operating the elevator and throttle were abduction 11° and 16 °, 
respectively. 

3.5   Designing the Seat and Cockpit Dimensions 

First, we found the 5th percentile of the buttock-popliteal length (432mm) of female 
American civilian population, the mean hip breadth (359mm) of male and female 
civilian population and mean shoulder height (min 592mm) of air force flying per-
sonnel [4]. Also, the standard dimensions of seat depth (406-445mm), seat width (min 
430mm), and seatback height (min 650mm) were provided by literature [1]. The seat 
depth for Taiwanese could be calculated by using the seat depth of standard [1] di-
vided by the buttock-popliteal length of American multiplied by that body dimension 
of Taiwanese (349mm) which made 238-360mm. By using the same formula, the seat 
width could be predicted by the hip breadth (330.4) was 396mm, and seatback height 
by shoulder height (585mm) was 554mm, respectively. Because the range of the rud-
der pedal, elevator, and throttle on the longitude axis were 173, 188, and 199mm, 
respectively, we suggested the seat adjustable range on the axis should be 199mm. 
The range of the rudder pedal, elevator, and throttle on the vertical axis were 98, 86,  
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Fig. 1. Definition of the anthropometric dimensions 

and 85mm respectively, we recommended the seat adjustable range on the vertical 
axis should be 156 mm 104-260). Besides, the seat surface angle was 6° based on 
Stinton’s study [12]. The study used a range from the 5th percentile of males (91°) to 
the 95th percentile of females (121°) for the tilt angle of the seatback. The popliteal 
angle made from the average of the population which was 125° by the study. 

For the cockpit dimensions, we recommended the height of SRP to the top of 
cockpit, Stinton [12] suggested the sitting height plus 50 mm. we used the 95th per-
centile male in this study (970mm) plus 50mm which made 1020mm. The length of 
SRP to the front of the cockpit, Stinton [12] suggested the length of SRP to the heel of 
the rudder pedal plus 300 mm. We used the 95th percentile (885mm) plus 300mm 
which made 1185mm. The length of SRP to the back of cockpit, we suggested the 
horizontal length from SRP to the point of intersection of the tangent line along the 
seat back (120°) and the top of the cockpit made which was 588mm (1020 tna30°). 
The arm reach to the front of the cockpit, Sander et al. (2000) suggested the 5th per-
centile of the arm length. The study used the 5th percentile of females of group 45-64 
years made which came to 600mm. 

Therefore the height of the cockpit was 1280mm, maximum seat height (260) plus 
height of SRP to top of the cockpit (1020. The width of the cockpit was recommended 
two times of the maximum width of elevator or throttle on transverse axis (328) plus 
100mm which was 856mm. The length of the cockpit of bottom side was 1773mm 
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(1185+588). The length of the cockpit of the top side was reduced by a slope on the 
length of cockpit of bottom side. The slope was calculated by the length of SRP to the 
front of cockpit on bottom side (1185) and the length of SRP to front of cockpit (600) 
at the height of SRP plus average shoulder height (260+585) which was 707mm. All 
the relative dimensions of SRP to the rudder pedal, elevator, and throttle as well as the 
cockpit dimensions were illustrated in fig. 1. 

4   Conclusion and Suggestion 

Through the body dimensions and subjective dimensions measurement and the refer-
ence from other studies the cockpit dimension were constructed. The lateral view of 
the cockpit was a trapezoid. The length of the top and bottom sides were 707 and 
1773mm, respectively, and its height was 1280mm. The front view of the cockpit was 
a rectangle, its width was 856mm. Based on SRP, the length from SRP to the back 
and bottom side of the cockpit were 588 and 104-260mm, to the rudder pedals was 
712-885mm. The angle of the seat back was from 91° to 121°. The popliteal angle 
was 123° and the rudder pedal angle was 48°. The depth and width of the seat were 
238-360 and 396mm. The height of the seatback was 554mm. The length, width, and 
height from SRP forward, sideward, and downward to the elevator center were 380-
568, 246-319, and 168-254mm, respectively. The length, width, and height from SRP 
forward, sideward, and downward to the throttle center were 356-555mm, 255-328, 
179-264mm, respectively. The elbow angle for operating elevator and throttle was 
125° and 120°, and the shoulder angle, upper arm abducted for operating elevator and 
throttle were 11° and 16°, respectively. The study results can provide a reference for 
flight cockpit design for Taiwanese and other similar people.  
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