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In the vehicle design, the research on driving posture has stood out as one of the important issues. Recently, the
research on 3D human modeling focused on more exact implementation of real driving posture. However,
prediction of driving posture through the 3D human modeling fail to reflect on the model the phenomenon called
sagging, which refers to the retraction or shrinking of the torso while driving. 30 male subjects participated in
the experiment where total subjects were divided into four groups according to height percentile(under 50%ile,
51%ile to 75%ile, 76%ile to 95%ile, over 95%ile). The independent variables were seat back angle(4 levels) and
seat pan angle(2 levels). The dependent variable was capacity or the degree of retraction of the torso. First this
study measured the sagging capacity by using a paired T-test between erect and retracted posture. Secondly it
was tried to find out significant anthropometric variables that were statistically correlated by the analysis of
correlation. Finally, a prediction model was derived which explains the capacity of sagging.
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Figure 1. Comparison of 3D human model and real driving
posture

3k QA 2] A WA FAH
Gol7t o2 BFAAE A &
o ST £ F Y] Rd g
o] 8= o] gkal(Herbert et al., 1994) 71 A}E 3 o] E4]

< 7M49 H71A ZE2 ] FrF3hd, ol F #A
Aol FEo| 7k 4 A Ak

A Y F WA AR G w5 Folee 4
(sagging)2 o}&7HA] 32+ QA RS o] 831 7139 37
A 22 o) whdo] wof Q1A Gaiffigure 1 1), 1
S ATE ALY AP A 2 qUck

FH 2ol &bk Ufoll A HALe ApA, 2 A ek Aol Hsted
SRR}, SR FAL S FEA g B B Fof
+ % (cervical retraction capacity) S Hlul g A7} Z8P = A
CHBertil et al., 2007). ‘34 789, 914 769, & 1544 2] o] 4
AAE o= AP H 919 A5= A Volvo V70)oll H5
gt FAE ke FoF A4 Aol o 43S A
i, ANOVA £4-& T3l Abgk Ao A Fo] Zole F&
7F 2 A $& A Bk g oM AZS & AT
3 <Figure 2>} 0] X-ray & ©]-&3te] H] Fol=e F
of 3o s elA o 7 2A3] & 591

StA L 919 AFte & o] #e A7, A A
A9 EEE 913 AF7F obd EHARL A] B R
o g AT HoBZ B AT HA T tha Aol 7}k QiTh

o & A7 ste] gl FA Y] AR A &

Erect posture

Sagging posture

Figure 2. Comparison of erect and sagging posture through the
X-ray
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Figure 5. Simulator and 3D motion analysis system
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* 96%ile ©]/¢: (HG_1,HG_2,HG_3)=(0,0,1)

202 AR )0l 71 A UL WeE 28
2 7] & (indicate variable : HG_1, HG_2, HG_3), NH(E), NRH
Angle, RHK Angle, SHK Angle<] 5 &3} 414 4= 2kNR(E)
9} NRH Angle®] w528 ¥4 2 870 ¥, N-H sagging
e e e e R R i
* Neck-Hip Sagging
= -5.65 +0.284 * N-H(E) + 0.0986 * NRH Angle - 0.0141 *
RHK Angle + 0.0532 * SHK Angle - 0.00356 * (NR*NRHA)
+1.09*HG 1+142*HG 2+1.94*HG_3
<R-5q=71.4%, R-sq(adj) =70.2%>
H%E A% Pl hd HH R )2 0.7027} Urgko.
2 HA 70% M}—% Ars a2
90,0500 M ZF }
T3k AA =74 sagging
sagging 4= W3k of = <Table 7> 211, o 23 {
o] AREA S AT A3 340826 (P = 0.000)°]
How, 1 Axte] that == o} 9] <Figure 10>9}
igey
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Table 7. Comparison of real sagging capacity and predicted
sagging capacity

NE W gzl A @ gw | 2 A=
sagging #k(Cm)|sagging Zk(Cm)

Comfortable | Comfortable 2.32 2.44
105° 11° 3.29 3.10
105° 18° 3.35 3.34
110° 11° 3.03 3.17
110° 18° 2.06 2.17
115° 11° 2.18 2.25
115° 18° 1.32 1.43
120° 11° 2.97 2.75
120° 18° 1.25 1.64
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Figure 10. Correlation of real sagging capacity and predicted
sagging capacity

up A ko 2 9ke] <Figure 4>01 A £ Az} o] A <]
TFE A (flexion) T 123 g} Al 243 sagging
ghol A7) Aol 7k AeA| YolR T, oS 45 Tl UL o
Z sagging a7 24 sagging gkol o] 7} §leA] dotr ] 9]
51 Paired T-testE 41 3§ 313 tl<Table 8>.

Table 8. Result of paired T-test among real sagging, predicted
sagging and flexion

it ;if; T ig
giggiszzﬁng 2 -0.06 | 0.92 | -0.96 | 0.339
@éﬂ:i?g:giﬁ o g | 198 | 122 | 2369 0.000”
Oq]_%ﬂ:i?g:g%*;ﬁ o g | 204 | 099 | 2086 0.000”

Qo] A5 B A3 sagging # ol = sagging gk -2
3HA] hom g T gre Aolvt fltke A ¢ 4 A, A

TR A @ N(flexion) WS 188 ghe A= 7k o= gho)
ME AR fr gk Aol 7k lokar e 4 ATk

wehd & QoA 73 sagging <) éﬂrt b= 3] 7 o)
THYA e 4T d2te AS & F AT Sl T
|5 g2 ol A 3 o] Ssagging Tk Al sagging Fk2 2
o7} Qlo g A Abgo FA|7} glrka wek S Qlok

= Al (7)) B A HS(AE W 45 AE
Ztw)o] W sagging F4e] AEE Lot 1 vheed] P
F-H2) 2] E(flexion) FAHo] }ﬂ okx] A o)3ksaggingll <&l
H5(neck-hip)o] o= F=ol i) Yolr iz A S 4
A8kt
Paired T-test2] A3}, A saggingo] 2kl & = U= = Hd
A o] A7lA) 9] sagging(N-H Sagging)= th2k 2.0 ~2.5cm
A= A AT FEA<Q sagging ) oA B A AH|w X7}
2] 9] sagging(N-R Sagging)< 2F 2.0cm =2 R25HA] ¢4
sk, EAZ8m Aol A Hip joint7}A] 2] sagging(R-H Sagg-
ing)> ¢ 0.2cm A& A YA o314 BoS & °lU¥
Paired T-test 225 HH F-50] gt saggmg ik a=ieiny
5 A3 GA A A Alo oA A St s & A“E}
SHAIRE B A9 o] d Aol gk 734% =59 sag
ginge] ¥olu= ATt dem= o Ae] Axte} 2fo] &
At} o= o] A A9 sagging S A olEtE o] & @01
opd o7} A& 7|02 g ARG 7] Wl - A A &
Azt o7 7} ZA P& AARG WO 7 A A= dAFo]sag-
ging® Aol ¥rgo] ¥ ARE Ats Hrh
B ALl A L8k sagging 2] =2} Hip joint ¥0], 7](Height),
7} {9 7+5 o] G5l 3t EdlS o] &3 719 97 A]
AA Z2 oA g3 Eye pointe] A& FAT 1,
ol A5 upgro 2 gFof <Figure 1>l 4 Hk 3aH< 1A
Tdo] 74 TARE AT T s AoE 7dEn
AA 32 RS o] &3 7o F7)A] A 2R £
AT sagging<] o5 s WHdstH ofef el <Figure 11>}
2ol Al FAe] TH A} frAkek A REls FAE
T MME]'
SHARE & Ao A Hojgh A o] FR A = #A-Ssag-
ging @7l T3 A71A REE 7] 95t F59
(N-R, R-H)2.Z YF0] saggingd] A=E F3+ & 1
Eﬂ?ﬂo 24 AA sagging(N-H Sagglng)% T =
3, A3 Euinte] R
'“E}t A o] ek
ebA 33 AT HES R FRYAE S
FHA171A] 9L sagging o] A E1F Bkotst ] HOHH—E +3719]
e & AlEs A7 S s 3ak i

LEL
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ST FAE W 2

S ZHAS 2 HAM

THE 343 oy 2L
Figure 11. Comparison of 3D human model, adjusted 3D
human model and real driving posture
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