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Automotive occupant packaging has been a part of main ergonomics interests, especially, in terms of driver’s
posture. Previous research on driver’s posture has mainly focused on the initial optimal posture for driving
sedans. However, customer preferences on cars are shifting from sedans to RV and automobile manufacturing
companies seek to understand temporal changes in drivers’ posture according to driving environment. So the
main aim of this study was to develop a driver’s posture measurement system during driving and investigate
casual changes due to duration, car type, traffic flow. Four male drivers participated in the experiments during
one week. It was shown that considerable changes in their postures were caused with respect to driving
environment, which implies that not only static optimal postures but their dynamic changes should be taken into
consideration for proper design and evaluation of interior packaging. The research is expected to help packaging
designers understand human drivers so as to improve their comfort.
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Figure 1. Functions of two main modules of the driver’s posture analysis system.
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Figure 2. Design of the experiment.
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Figure 3. A sample image captured during the driving of a sedan.
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Figure 4. Graphical representation of joint angles measured.
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Joint angle

Definition

L. The angle between the vertical
Neck Inclination
canal

Arm Flexion

and a line from the 7th cervical vertebrae to the auditory

The angle between the vertical and a line from the acromium to the lateral epicondyle

The angle between a line from the acromium to the lateral epicondyle and a line from the

Elbow angle

The angle between a line from

Trunk thigh angle

ulnar styloid to the lateral epicondyle

the acromium to the greater trochanter and a line from the

lateral condyle to the greater trochanter

The angle between a line from the greater trochanter to the lateral condyle and a line from

Knee angle

the lateral malleolus and the lateral condyle
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Table 2. Basic statistical data for the joint angles measured under prescribed driving conditions

Congested
Neck Arm Elbow Trunk-thigh Knee
inclination flexion angle angle angle
Sedan Mean 44.275 48.95 132 111.05 122.23
STD. 5.584 2.037 7.689 5.505 5.526
MPV Mean 45.4 51.325 130 110.3 108.95
STD. 3.713 1.745 5.305 1.490 1.377
Normal
Sedan Mean 36.3 42.775 125 116.4 120.05
STD. 3.858 1.776 5.386 5.068 8.403
MPV Mean 43.5 49 123.05 110.18 108.45
STD. 3.297 1.132 3.679 1.567 1.319
Table 3. Correlation coefficients of joint angles
Neck Arm Elbow Trunk-thigh Knee
inclination flexion angle angle angle
Neck inclination 1.000 0.712 0.699 0.268 0.171
Arm flexion 0.712 1.000 0.780 0.301 0.460
Elbow angle 0.699 0.780 1.000 0.352 0.422
Trunk thigh angle 0.268 0.301 0.352 1.000 0.725
Knee angle 0.171 0.460 0.422 0.725 1.000
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Table 4. Results of Analysis of variance on neck inclination
Source DF SS MS F Value Pr>F
A (Height) 1 1.225 1.225 0.75 0.4768
B (Car type) 1 739.600 739.600 2958.40 0.0003**
A*B 1 4.900 4.900 19.60 0.0474%*
C (Traffic condition) 1 722.500 722.500 222.31 0.0045%**
Ax*C 1 0.400 0.400 0.12 0.7592
D (Duration) 9 50.475 5.608 10.09 <.0001**
A *D 9 31.525 3.503 6.30 0.0005%*
B=*C 1 148.225 148.225 456.08 0.0022%**
A*Bx*C 1 1.225 1.225 3.77 0.1917
B *D 9 61.900 6.878 6.60 0.0004**
A*B*D 9 16.850 1.872 1.80 0.1385
C*D 9 93.250 10.361 12.64 <.0001%**
A*C*D 9 19.100 2.122 2.59 0.0410%*
B*C=*D 9 65.525 7.281 7.45 0.0002**
**.a=0.05, *:a=0.1
Table 5. Results of Analysis of variance on arm flexion
Source DF SS MS F Value Pr>F
A (Height) 1 29.756 29.756 0.36 0.6107
B (Car type) 1 693.056 693.056 66.60 0.0147%*
A*B 1 158.006 158.006 15.18 0.0600*
C (Traffic condition) 1 975.156 975.156 47.55 0.0204**
AxC 1 58.806 58.806 2.87 0.2325
D (Duration) 9 877.431 97.492 24.61 <.0001**
A*D 9 14.931 1.65 0.42 0.9082
B*C 1 369.056 369.056 12.31 0.0725%*
A*Bx*C 1 8.556 8.556 0.29 0.6466
B=*D 9 169.381 18.820 3.37 0.0136
A*B*D 9 97.931 10.881 1.95 0.1093
C*D 9 297.031 33.003 10.83 <.0001%**
A*Cx*D 9 96.881 10.764 3.53 0.0109%**
B*C=*D 9 321.381 35.709 8.88 <.0001**

** oa=005*:a=0.1
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Table 6. Results of Analysis of variance on elbow angle
Source DF SS MS F Value Pr>F
A (Height) 1 27.225 27.225 4.89 0.1574
B (Car type) 1 156.025 156.025 12.08 0.0737*
A*B 1 435.600 435.600 33.73 0.0284%**
C (Traffic condition) 1 1946.025 1946.025 17298.0 <.0001**
Ax*C 1 44.100 44.100 392.00 0.0025%**
D (Duration) 9 1921.600 213.511 35.63 <.0001**
A*D 9 106.275 11.808 1.97 0.1055
B*C 1 4.900 4.900 0.333 0.6260
A*Bx*C 1 60.025 60.025 3.99 0.1840
B *D 9 690.475 76.719 6.85 0.0003**
A*B*D 9 157.900 17.544 1.57 0.1997
C*D 9 405.225 45.025 7.09 0.0002**
A*Cx*D 9 242.650 26.961 425 0.0044**
B*Cx*D 9 142.350 15.817 1.52 0.2162
¥ o a=005*:a=01
Table 7. Results of Analysis of variance on trunk-thigh angle
Source DF SS MS F Value Pr>F
A (Height) 1 589.056 589.056 3.13 0.2190
B (Car type) 1 486.506 486.506 4.82 0.1594
A *B 1 262.656 262.656 2.60 0.2482
C (Traffic conditon) 1 273.006 273.006 7.11 0.1166
Ax*C 1 10.506 10.506 0.27 0.6531
D (Duration) 9 79.381 8.820 1.28 0.3104
A *D 9 51.881 5.765 0.84 0.5910
B=*C 1 299.756 299.756 14.22 0.0637*
A*B*C 1 0.006 0.006 0.00 0.9878
B *D 9 104.431 11.603 2.58 0.0413**
A*B*D 9 82.281 9.142 2.04 0.0952*
C*D 9 43.431 4.826 0.81 0.6155
A*C*D 9 21.431 2.381 0.40 0.9198
B*C=*D 9 51.181 5.687 1.09 0.4147
a=005*:a=0.1
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Table 8. Results of Analysis of variance on knee angle
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BZVE(%) = 4763807 +3.14167*B —9.15833*%C —0.74735*D
—4.03333*A*B +2.36667*A*C +6.07500%C*D
(12:0.63) (1)

A7) ZF=(°) = 49.11364 +1.64545*B —5.02273*C —
0.03636*D +3.85000*B*C +0.16212*B*D —

0.25606*C*D (12 : 0.80) )

P ZHE(°) = 136.96818 +5.17500%A —2.83409*B —
5.92500%C —1.64015*D —6.60000* A*B —
2.10000%A*C +0.92424*B*D (12 : 0.66)

3)

A o] ZH(°) = 106.32273 +6.40000%A +3.10455*B
+5.35000%C +0.33939*D —5.12500*A*B

Source DF SS MS F Value Pr>F
A (Height) 1 1422.056 1422.056 10.09 0.0864*
B (Car type) 1 6187.656 6187.656 42.63 0.0227**
A*B 1 1086.806 1086.806 7.49 0.1116
C (Traffic condition) 1 71.556 71.556 12.65 0.0708*
AxC | 88.506 88.506 15.65 0.0584*
D (Duration) 9 25.631 2.848 0.86 0.5751
A*D 9 152.631 16.959 5.12 0.0016**
Bx*C 1 28.056 28.056 0.75 0.4766
A*B*C 1 166.056 166.056 4.47 0.1689
B*D 9 15.031 1.670 0.55 0.8223
A*B*D 9 91.881 10.209 3.34 0.0142%*
C*D 9 31.631 3.514 1.13 0.3930
A*C*D 9 18.681 2.076 0.67 0.7283
B*C=*D 9 35.131 3.903 0.80 0.6228

** 1 a =005 *:a=01



Effects of Driving Environment on Driver's Posture

5.47500%B*C—0.28712*B*D(12 : 0.57)  (4)

L2721 (°)=119.02102+7.05227*A — 8.06250*B
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2.97500%A*C +0.58561 *A*D + 1.67500*B*C
(12: 0.87) (5)
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Figure 5. Changes in joint angles during driving.
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Figure 6. Stick figure representation of driver’s postures while driving a sedan(left) and a MPV(right).

Table 9. Results of a paired T-test on the differences in joint angles for car type under a specific traffic condition

Difference
Traffic condition : Congested 95% confidence interval t df P-value
Mean STD
Lower Upper
Neck inclination 0.325 5.815 2.185 1.535 0.353 39 0.726
Arm flexion 2.400 2.762 3.284 1.517 5.495 39 0.000*
Elbow angle 2.950 8.756 0.150 5.750 2.131 39 0.039*
Trunk-thigh angle 0.675 5.121 0.963 2313 0.834 39 0.410
Knee angle 13.150 5.290 11.458 14.842 15.724 39 0.000*
Traffic condition : normal

Neck inclination 7.200 4.177 8.536 5.864 10.902 39 0.000
Arm Flexion 6.225 1.993 6.863 5.588 19.750 39 0.000
Elbow angle 2.325 4.423 0.911 3.739 3.325 39 0.002
Trunk-thigh angle 6.225 4.774 4.698 7.752 8.246 39 0.000
Knee angle 11.600 8.424 8.906 14.294 8.709 39 0.000
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Table 10. Results of a paired T-test on the differences in joint angles for traffic condition under a specific car type

Difference
Sedan(Congested-Normal) 95% confidence interval t df P-value
Mean STD
Lower Upper

Neck inclination 7.975 6.886 5.773 10.177 7.325 39 0.000
Arm flexion 6.175 2.707 5.310 7.041 14.427 39 0.000
Elbow angle 6.625 5.723 4.795 8.455 7.321 39 0.000

Trunk-thigh angle 5.350 4.549 6.805 3.895 7.438 39 0.000
Knee angle 2.175 5.247 0.497 3.853 2.622 39 0.012

MPV(Congested-Normal)

Neck inclination 1.900 2.550 1.085 2.716 4712 39 0.000
Arm Flexion 2.325 2.390 1.561 3.089 6.153 39 0.000
Elbow angle 7.325 6.154 5.357 9.293 7.529 39 0.000

Trunk-thigh angle 0.125 1.990 0.511 0.761 0.397 39 0.693
Knee angle 0.500 1.881 0.102 1.102 1.681 39 0.101
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Table 11. Comparison of measured and recommended driver’s postures
Knee Hip Shoulder Elbow
1 0 1 1 0 1 1 0 1 1 0 1
SAE850484 105 120 132 96 100 110 6 25 31 80 100 132
SAE865108 99 115 131 89 95 101 22 27 32 84 104 124
SAE9301130 95 135 95 120 0 50 80 170
Measured data
108 135 100 122 115 145
(Sedan, Congested)
M d dat
casuted data 103 134 | 108 124 18 134
(Sedan, Normal)
Measured data
107 111 107 113 118 138
(MPV, Congested)
M t
casured data 106 1| 108 114 119 130
(MPV, Normal)
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