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Study of Smart Vehicle Seat for Real—time Driver Posture Monitoring
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ABSTRACT

In recent years, the increasing interest in health—care requires the industrial products to be well—designed

ergonomically.

In the commercial vehicle industry,

several researchers have demonstrated the driver’s

posture has great effect on the orthopedic desease such as fatigue, back pain, scoliosis, and so on. However,

the existing sensor systems developed for measuring the driver posture in real time have suffered from

inaccuracy and low reliability issues. Here, we suggest our smart vehicle seat system capable of real—time

driver posture monitoring by using the air bag sensor package with high sensitivity and reliability. The

ergonomic numerical model which can evaluate a driver’s posture has been developed on the basis of the

human body segmentation method followed by simulation—based validation. Our experimental analysis of

obtained pressure distribution of a vehicle seat under the different driver’s postures revealed our smart

vehicle system successfully achieved the driver’s real—time posture data in great agreement with our

numerical model.
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Fig. 1 Correct posture (Left) vs. Wrong posture (Right)
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Fig. 2 Schematic diagram of a smart vehicle seat system and experimental method
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Fig. 4 FBDs at the side views of a human upper body for
(1) and (2). (1) leaning on—state, (2) off—state. FBDs
of Shank (3) and thigh (4)
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Table 2 (side view) Theoretical model vs. simulation model
vs. experimental data

Back position | Theoretical Simulation Test
Leaning on

(Comfort) 30.00 30.59 28.56

90° 33.35 31.55 31.73

80° 28.12 30.88 26.05

70° 23.06 25.41 20.98

Driver seating — Real time sensing signals
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Fig. 9 Real—time sensing signals for 6 individual air pack sensor modules and center of mass changes along with different
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Fig. 10 Theoretical model vs. simulation results vs. experimental
results for the back posture (side view)

Table 3 (front view) theoretical vs. simulation vs. experimental

results
Upper body posture | Theoretical | Simulation Test
90°
(0° to the right) 25.00 24.57 25.83
80°
(10° to the right) 19.78 21.57 23.30
70°
(20° to the right) 14.71 18.63 19.08
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Fig. 11 Theoretical vs. simulation vs. experimental results
(front view)
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Table 4 (side view) Theoretical vs. Experimental

Back position

Theory (cm)

Test (cm)

Error (%)

CASE 1. Height 183cm, Weight 84kg

Leaning on 30.00 27.96 6.79%
90° 33.35 31.73 4.84%
80° 28.12 26.05 7.34%
70° 23.06 20.98 9.00%

CASE 2. Height 174cm, Weight 77kg

Leaning on 30.00 31.90 6.33%
90° 31.74 30.54 3.78%
80° 26.77 25.80 3.62%
70° 21.95 20.78 5.29%

CASE 3. Height 178cm, Weight 110kg

Leaning on 30.00 28.67 4.40%
90° 32.45 29.23 9.91%
80° 27.37 25.01 8.62%
70° 22.44 16.90 24.67%
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Table 5 (front view) Theoretical vs. Experimental

Upper body Theory Test Error
(front view) (cm) (cm) (%)
CASE 1. Height 183cm, Weight 84kg
90° 25.00 25.83 3.33%
80° 19.78 23.30 17.81%
70° 14.71 19.08 29.73%
CASE 2. Height 174cm, Weight 77kg
90° 25.00 24.97 0.09%
80° 20.03 19.90 0.46%
70° 15.22 15.76 3.61%
CASE 3. Height 178cm, Weight 110kg
90° 25.00 26.17 4.70%
80° 19.92 23.00 15.48%
70° 14.99 17.63 17.63%
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Table 6 Sensing signals for seat and jig under different
weights

Weight[kg], Pressure[kPa]

Sensor no. Seat Jig Dissipation rate

0 3.64 29.64 87.7%

4.24 29.64 85.7%

3.04 49 94.6%

94.2%

3.84 45.3 91.5%

1
2
3 2.84 49
4
5

3.64 41.5 91.2%
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