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Drivers’ Hip & Eye Locations (HL & EL)

O Hip location (HL)Z} eye location (EL)-2 occupant package layout (OPL)
M Al T8 D8{k|= T2 &XF(SAE J1100, 2005)

v HL: design for seat height and seat adjustment rangs <=8 Eye locations

,49””””—’ g _./5§%]

v EL: design for visibility through windshield
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Statistical Model: H-point Prediction Models

O SAE J1517 (2011)2 seat Z& HQ|= M AH5}7| 8l 95%2| LT A=

2=85}= H-point prediction model 7| &

(Unit: mm)

y

/| HLx,s =687.1+0.895 x H30 —0.0021 x H30?

o~/ HLxgs =936.6+0.614 x H30 - 0.0019 x H302

r
—= # where: HLx, s= horizontal reference location of the 2.5" %ile H-point aft
R '
2550 30 Massm‘{‘* of the pedal reference point (PRP)
= HLxy, 5 = location of the 97.5" %ile H-point aft of the PRP
L, H30 = seat height
Limitations

1) W2 E =S40 tiet S5= MAISHA| H&(e.g., adj. R?, RMSE)
2) Human variables (e.g., body segment lengths, driving postures) 11 2{5tX| =
2 & H==(e.g., seatback angle, cushion angle) 11 2{S}HX| 43
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Statistical Model: EL Prediction Models

Q SAE J941 (2010)= occupant package layout (OPL) H=5 A5 ELS

;tx—|o|_l— EE—IIO H F'c‘él-

(Unit: mm)

EL =L1+664+0.587 x L6 —0.176 x H30 — 12.5 x t
- . EL.q = W20-32.5
0 EL, .y = W20+32.5

EL = H8 + 638 + H30

A

J_ Zero X Grid —-

1 -
where: PRP = pedal reference point,

AHP = accelerator heel point,

4 L1 = PRPx coordinate,
( o L6 = steering wheel center to PRP,
H30

o H30 = seat height (z coordinate of the SgRP, measured vertically from AHP),

t = transmission type (0 = without clutch pedal; 1 = with clutch pedal),

—t— ZoroZGrid

W20 = SgRP y coordinate,
L| m |tat|0ns H8 = AHP z coordinate

1) 7hEeEl =840 tiet ds= MAISHA| B5=(e.g., adj. R?, RMSE)

o2

o
[=]

2) Human variables (e.g., body segment lengths, driving postures) 11 2{S}X]|

3) Lot seat =& H==(e.g., seatback angle, cushion angle) 11 2{5}X| &4&
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Statistical Model: HL and EL Prediction Models

O Reed et al.(2002)2 anthropometric B ==(stature, sitting height/stature), OPL H =(H30,

SW to BOFx, cushion angle), design reference points (HL, EL)2Q| linear relationship=

AFESH HLAF ELS| =84 71

Eyex reBOF

< >@Lye
v Anthro. vars. OPL vars.
A A
/i N N\
wtting Suat oON to Cinhion
Variable STatura ; I-I-|ﬂ| iy Hislgghit BEOFs .I"lu.'ln:;ll-
r EyeZ reBOF {rmm ar ® Intmicapt {rmiml Stature (H30, mm) (L& mim) L2t=" H:_,, HAISE
E}’CZ VeAHP i raBOF 048 (4459 4301 01732 a4 {04 78 159
Hipeto- dyo aficylo 7a? {0 0G4 2 1157 00147 0.1 20 19
1 Evex raBOF B34 (L5042 Fldb 0.155% 041N T 50.%
i E - EyeZ reHlp Evar radl-HP 24T 08122 &B19.9 VAR 0.02%2 uy 1.4
Ball of foot . 'I? Evex reHip 9160 01187 1347.2 01563 15 | 2= | a1
. 1P Evar raklip 2415 KRS G758 00544 12 PR
®or) @ Hipx reBOF
\4

Limitations

1) Body segment?| lengths2} driving postureE 1 2{StX| XS

2) Cushion angle 2| seat =& tH==(e.g., seatback angle, seat height) .01 2{5}X| &S

-!"'r!‘:l'l'-':-i'-',‘r:nl b4 it Lim
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AT X

Development of Statistical Models

for Predicting a Driver's Hip and Eye Locations

1) 27X Xt9| hip & eye location =7 protocol 7|

Head link length

| Uheaa £ Neck link length

2) Hip & eye location = model 7|2 %! 7| = modelld} H| !

= Driving posture based model

= Seat configuration based model Upper-leg

link length

Trunk link length

--------------

Foot link

Ball of foot length

(BOF) (0, 0)

Lower-leg
. link length

|
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AlSH 7cl-o:| |.
=0 O A
Q n=23Y(gd: 138, 0{d: 103)
Q =" M=292, SD=73, R=24~51X
Q A EoXe| AME2 Size Korea (2010) ot=01 A+ 91K A 7|2t FAL
= SAHHECE HelstA ot REEHS &
1686 mm 1742 mm
(33 %ile) (67t %ile)
Slze S Slze B I'c'ﬂ %0 ) T T T T T
= = EE= Size Korea (2010)’s data | | I | B LA (n=2471)
= [ I 3 oj M (n=2025) |
M 171.4 171.1 158.4 159.7 | lﬁrkTW |
SD 6.1 8.4 5.6 6.6 _ [ S'@ |
Min 152.2 150.4 I : |
Max 183.0 172.8 ‘ i
MD } St |
1(2459) = 2.18 1(2016) = 2.26 m ?

paired t-test

p = 0.91 p = 0.54

1558 mm 1611 mm
(33" %ile) (67™ %ile)

*Size Korea (2010) 6%} QK| ==Xt

Fn TUZILD

Y stelze 2t

Stature (mm)
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, = OlX| =X 2= stature, body weight
S2. 214 =7 5! marker £t (10 min) <
= Reflective marker: 197|]

1S3 M5 2H XpAM| =X (10 min)

= Experimental designOj| [[}2} 817} X| i A
v' Factors: recline, tilt, slide, height

v Factor level: 3 (M& QX|, M3 QK| + a)

| e

i

S4. Seat =& Profile 4 (5 min)
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Experimental Design

a 91X} (1) seatback recline, (2) seatpan tilt, (3) seat slide, (4) seat height
Q OIX} =F: 3-level (M= &KX, M= X £a)
v' Setback recline (+ 5°), seatpan tilt (£ 15 mm)

v Seat slide (= 60 mm), seat height (+ 25 mm)

1= Factor Factor level
1 Seatback recline P —5° P+ 5°
2 Seatpan tilt P—-15mm M3 QK| P+ 15 mm
3 Seat slide P —60 mm (Preference, P) P + 60 mm
4 Seat height P—-25mm P+ 25 mm
Al XA L81(34) + Mz X =582 =
Al A9 AIZHE) 7sec/ZH x82X2H x 23| =2 198
# EX| B9l headrest, shoulder, lumbar, bolster =& 2F

PL'; TP R 3
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Reflective Marker: Seat

d Seat =X 2F(seat 22|, seat MEH) =™ marker 5%t
d Global coordinate system (origin) 2 o|& £|st marker £ &t
v 7188000 228H M2 22 0|F= X, y ‘E(X[HI HH)

v 7= Xy (K3} $3)

Seatback recline

An tilt Z X

y Origin
Accelerator Heel Point (AHP) .
.:"'31""1-:_\ 4 it | in ] 4 Ergonomic Design
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Reflective Marker: Human

Q 19 markers on bony landmark

v Upper extremity: 5 markers
Front head

£ v Lower extremity: 14 markers
Right head x ¢ ¢ Lefthead

A
Right acromion u)\ \ Left acromion

Postermr superlor iliac spine

Anterior superior iliac spine

L [ ¢

La;fteral aﬁd medial femoral epicondyles

|

Lateral and medial malleoli

o 2nd metatarsal head

PLq FYS R
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O HelenHayes marker set (Vaughan et al., 1999)2| joint center 74 9|

Hip Joint 9|

Sacral

ASIS Al
(orlgln)

64%

-68%

Hip joint % ASIS

Joint Center

N

-

/1 Neck joint

/X (Shoulder 54!
7 /N
L ¥

Pelvis joint 4 9|

| ‘! \/ Sacral
]7}'{’, @
V '»1
/\ / ASIS
*,"f e Pelvis joint LR 44%
e Pelvis joint
Hip joint H;_.- A e
ASIS M
(origin)

19

!

‘[‘ I
) ( \ Knee joint
. (Lateral & medial knee S+
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Ankle joint /"'.. \
(Lateral & medial ankle & & \ "
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Joint Angle & Link Length

O Flexion/extension angle: sagittal plane0f| A linkage AtO| Zf =

a Link length: Joint center?t Euclidian distance

Ankle

[ Ankle angle

Accelerator Heel Point (AHP)
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Data Extraction

[ Seat configuration £t& Ha=

1. Seatback recline

Seatpan tilt Seatback I\

2
3. Seat slide: HP, reAHP (Hip point — AHP =& H_Z|)
4. Seat height: HP, reAHP (Hip point — AHP ==%! =0|)

O Posture 22 H=
1. Joint angle: ankle, knee, hip, trunk, neck, head (6 7} X|)

2. Link length: foot, lower-leg, upper-leg, trunk, neck,
head (6 7}X|)

0 Hip & eye location 3

oy TUZIULR X <—T
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Data Extraction: Code (matlab)

Q Sagittal ™ HO0|| A seat =& 2F Bl driving posture ==

| drawline.m

| Eyelocation_Main_176256:m

| Importfile_Posture.m
Importfile_Seatm

Eye location &l Linkm

N

| Projanglev.m

1200 ; i : \ . 1200 ; i . . ; 1200 i : : . ;
Head $ 167 %Head =16
1000 | 1000 1000 Head = 24°
Neck = D°
L Neck f -4- ] L
800 800 800 o
600 800 6oa |
400 | 400 400 |
1k
Trunk = 1§° ~ ads
e k=2
Hip = 14 N Seatback|= 93° un
200 e i = e 200 Seatpan =18% 4 200 Seatback = 101°
. pal ) eatpan = 25°
Ankle = 26° SgRPz = 308 mm SgRPz = 332 mm Ankle = 30° SqRPz = 285 frm
Or  afp SgRPx =825 mm 0 ARP SoRPx = 604 mm : 1 or  afP SgRPx = 797 mm
o . . ; ‘ i 500 ; i i . . S . . i ;
200 400 00 800 1000 1200 1400 200 400 800 800 1000 1200 1400 200 400 800 80O 1000 1200 1400

Data ==& Z1} 0| A|

_" Ergonomic Dasign
18 Technology Lab




Statistical Geometric Model (SGM): Database

Lab test Fiet i
- Anthropometric measurement i —— Database

- Motion capture )
P - Anthropometric data

- Seat configuration
- Driving Posture
- Eye locations

1] seet ikt e
—
pat angé = f(seat , sare ) Eye bambn = f(pat angt ,Ink éngth )
Posture based SGMs = Eye baibn = f(pit angé ,Ink éngh )
Seat configuration based SGMs = Eye bambn = f(f(seat ), f(satwre ))
*HH' PrrsEeE B 19 A Sromoric Sesion



SGM: Stepwise Regression Analysis

e~

Q Stepwise regressionS E5l 52| 2 XHo;, =0.01, ay, = 0.05) MEH = 5| M

- Anthropometric data
- Seat configuration

- Driving Posture
- Eye locations

d Predictors
v' Posture based SGMs: 2tA Zt Ol Ol 2 20| AIR

» Joint angle: gankle’ ameea @ﬁp’ Htrunk’ Hneckﬂ aiead

> link length: foot, lower-leg, upper-leg, trunk, neck, head

v' Seat configuration based SGMs: A%} 8l seat THEF AL

> Stature ; ;
Stepwise Regression

HP, reAHP, HP, reAHP oy, = 0.01, oty = 0.05

» Seat configuration: 6,.,.,.cc» O

seatpan *

Development of statistical
geometric models (SGMs)

Performance evaluation

R?, RMSE

agen, EUEZIER . : i
V5 seizeizen 20 o Lok vk




Statistical Geometric Model (SGM): Summary

O Posture based: R2 = 0.90, RMSE = 21.2 mm

O Seat configuration based: R? = 0.90, RMSE = 18.3 mm

Location
Eye, reAHP
Posture based | Eve,reAHP
SGMs
Hip, reAHP
Hip, reAHP
Eye, reAHP
Seat Eye, reAHP
configuration
based SGMs
Hip, reAHP
Hip, reAHP

Regression Equation

Adjusted R? | RMSE (mm)

fon TUZNULD

oY) areizicizetn)

21
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Posture-Based SGMs: Eye, reAHP & Eye, reAHP

Eye, reAHP =
+{0.917:

Eye. reAHP =
+ {0.879

A
(n=23)

Head link length

& Neck link length
‘ 0neck
where: BOF = ball of foot,
FL = foot link length,
LL = lower-leg link length,
UL = upper-leg link length,
TL = trunk link length,
Trunk link length NL = neck link length,
HL = head link length,
6., = hip angle,
Gnee = knee angle,

Upper-leg
link length

Ball of foot Tootlink

(BOF) length 6, = ankle angle,
Lower-leg O runi = trunk angle,
link length 0,..x = neck angle,

AHP

G,caq = head angle,

_" Ergonomic Dasign
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Posture-Based SGMs: Hip, reAHP & Hip, reAHP

Hip, reAHP =

Hip. reAHP =

(n=23)

Upper-leg
link length

where: AHP = accelerator heel point,
FL = foot link length,
LL = lower-leg link length,
. UL = upper-leg link length,
Lower-leg Hip

Foot link
]ength 4 £ |essssmsmmd FessemEw "

link length Hip, reAHP Oyip = hip angle,
Gnee = knee angle,
AHP | 0, = ankle angle
0,0 .
Hip, reAHP
23 _:' Ergonomic Dasign
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Seat-Based SGMs: Eye, reAHP & Eye, reAHP

Eye, reAHP =

Eye, reAHP =
+ {53.6 x

W |

(n=23) fye @

Ccos (HScatback)

$in (Gseapack) where: AHP = Accelerator Heel Point,
P S —— }_I Iix_r_ei“flf) ___________ >0 HP: Hip point,
HP, reAHP = Horizontal HP-AHP length,
HP, reAHP = Vertical HP-AHP length,
S = Stature

HP, reAHP . : O,catvack = S€atback angle,
8 sin (QScatpan) thack s

Occatpan = Cushion angle

cos (HSeatpan) -
-y Ergenomic Design
24 Technology Lab



Seat-Based SGMs: Hip, reAHP & Hip, reAHP

Hip, reAHP = — 373 + {104 x S} + {0.969 x HP, reAHP} — {0.236 x HP, reAHP} — {37.2 x c0S (fseqpaci)}

311 x sin QSeatback ‘
+{ (Breavac)] Adj. R? = 0.92; RMSE = 20.7 mm

Hip, reAHP = 81.8 + {7.87 x S} + {0.993 x HP, reAHP} — {74.6 x c08 (Os.pipue)t + 1205 % Sin (Gseripact)}

~ {355 x €08 (Byeapun)} ,
Adj. R? =0.59; RMSE = 16.1 mm

(n=23) fye @

Ccos (HScatback)

$in (Gseapack) where: AHP = Accelerator Heel Point,
P S —— }_I Iix_r_ei“flf) ___________ >0 HP: Hip point,
HP, reAHP = Horizontal HP-AHP length,
HP, reAHP = Vertical HP-AHP length,
S = Stature

HP, reAHP . O,catvack = S€atback angle,
sin (QScatpan) ) eseatpan = cushion angle

\
1
1
1
1
1
1
:
1
8 AHP cos (HSeatpan) :, Ergonomic an

25 Technology Lab



Model Evaluation: Posture vs. Seat Configuration

O Sample data (6,57674) & percentage of %error > 5% (both over and under

estimation)

v'  Posture-based models: 14.4%

v Seat configuration-based models: 13.3%

100%

80%

60%

40%

20%

0%

= ZYIINE R m".“ kf/

Algize Zetn 26

99.5% 100%
80%
60%
40%

20%

B Normal
I Over-estimation
I Under-estimation

98.8%

0%

>1% > 3% > 5% > 10%

Posture-based models

>1% > 3% > 5% > 10%

Seat configuration-based models

o 4y Technology Lab



Model Evaluation: Reed et al.(2002) vs. Current

O Prediction performance and accuracy: SGMs vs. Reed’s models
v Adj. R SGMs > 0.9 ~ 1.4 x Reed et al.’s models
v RMSE: SGMs < 1.2 ~ 2.9 x Reed et al.’s models

Reed et al.(2002)
P Posture-based
B Seat configuration-based
. 1.3, 1.4H{ ¢t

A —g--pa 1.0, 0.9HJ | }.]: _12|:|H 1 100 ,
08 T T 80
06 60 | 1.9, 2.9H| |
Adj. R 0.4 RMSE 40 1.5 1.7H4 |
1 on UVEECT IS - | [ N [ .
1.4, 1.2H} | 54
0.2 o | 0%m | TaLTil .
21.8 9 1
0 0 “ 7 1IL
Eye, Hip, Hip, Eye. Hip, Hip,
HL‘?I TS ‘ Ergonomic Design
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Discussion

aQ =2 AN A 7He=l seat configuration B! posture-based models2 27 X} 9|

eye location B! hip location &= 40| £

=3t(adj. R?=.83 £ .13, RMSE = 19.1 + 4.2 mm)

O Seat configuration-based models2
SHOM M=

posture-based models E L} generalizability, practicality

ikas

O A& LA O 2 THErEl posture-based model2 ot=9l Q| CtE 910 CHsl =M
Aoz AtRE

]
0x ot
or

ro

>
k> oo

(@)
oN

F

ot

Posture-based model2 EL & HL =7 A| joint angle, link length 4 & £ Q (seat configuration-based
model2 stature & Z Q)

Q MaiAAo| 275 Kt comfortable driving posture (Hirao et al., 2006, 2007; Kyung and Nussbaum,

2009; Kyung et al., 2010; Park et al., 2000)= posture-based models& =&

=
A o
A|"9'E T %Ikl:l

Of

| EL&HL =X Al

:

oy TYSTELRD 5
: ?," Aflg,a%[_._ﬁh} 28 -y Ergonomic Design
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Discussion

Limitations

O 20~50years AAXAXIE CHAMO 2 J|EEEl EL & HL = A2 age effectE 11 2{5}X| &0}
i HE(> 65 years)0| 8 Al 2H A450| ZAE £

ole
N =)

v Park et al. (2016)2 LI0|7} &7tgt0] [t2} buttock muscleO| ZtA S = H=9| EL & HLO|

~ O*EE|- Q|t7|- LIS 2 dig|

20 = Oz 210

conter gy togen === 20 age
) L] -?-\.* —
50 %ile female 1 50M %ile male 50 age
arr—14 e
| L = 500 |
& 1 - LG = G0 mim
figiht knee TiaiL [ ’
r
Ry, L6181
P I“--._M\_' 'hw
d AN
e
2 mmiEd-hip
right aniks
L
58 ikl

_!..;:.._h‘.:r\l T | 1] X Ergonomic Design
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Q&A

Thank you for
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