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Driver’s Hip & Eye Locations (HL & EL)

O HL & EL of a driver are important design reference points to provide good
reach, visibility, comfort, and clearance for the driver (SAE J1100, 2005)

v" HL: design for neutral position and adjustment range of a seat for reach

v" EL: design for viewing components such as Eye locations

A }

Hip locations

displays, mirrors, and windshields for visibility
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Statistical HL Prediction Models

SAE J1517 (2011)

Reed et al. (2002)

Park et al. (2016)

Figure
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Prediction model

HLX, ; = 687.1 + 0.895 x H30 —
0.0021 x H30?2
HLX,, 5 = 936.6 + 0.614 x H30 —

HLXx = 84.8 +0.4659 x S
—430.1 x SHS - 0.1732 x H30
+0.4479 x L6 — 1.04 x L27

HLX = 9446 - (5.190 x ) - (5.060 x BMI) - (16970 x SHS)
—(2.750 x Age) - (0.365 x H30) + (0.465 x L6} +
(10.50 x S x SHS) + (0.109 x BMI x Age)

HIL.zZ = 276.0-(680.0 x SHS) + (4.540 x BMI) - (5.550 x Age)
+(0.906 x H30) - (5.760 x 102 x BMI x Age) +

0.0019 x H302 (12.90 x SHS x Age)
S (stature)
Human i SHS (sitting height/stature) S, SHS, BMI, Age
Predictors E:;gﬁfe H30 (seat height) H30, L6 (SW to BOFX) H30, L6
Seat - L27 (fixed cushion angle) -
. : HLx = 0.68
2
adj. R Not Available 0.78 HLz =095
Performance Hix=333
. X = .
RMSE (mm) Not Available 35.9 HLz =173
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Statistical EL Prediction Models

SAE J941 (2010)

Reed et al. (2002)

Park et al. (2016)

Figure
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ELx=L1+ 664+ 0.587 x L6
—0.176 x H30-0.176 x t

ELx =-836.6 +0.5842 x S
+916.6 x SHS —0.1559 x H30

ELXx=340.0+0.355 xS
+2.820 x BMI -0.413 x H30

Prediction mg

Limitations

= The models do not consider body segment lengths and driving posture

H30

= The models do not consider various seat adjustment functions
Hun
= The SAE model does not provide the information of model performance |
, Package LCT(PRPX coordinate), Lo,
Variables Layout H8(AHP z coordinate), H30 L6, H30 L6, H30
Seat - - -
adj. R? Not Available TN e
Performance ' :
RMSE (mm) Not Available EII:)Z( _ 2(1)3 Ei)z( _ Tg(l)




Digital Human Models

O Digital human models (DHMs) of specific body sizes (e.g., 5" %ile female,

50t %ile male) were used in vehicle ergonomics and safety studies

0 Recently, studies have been actively conducted on DHMs considering
individual differences in body size, sitting position, and sitting strategy.

= Need HP & EP prediction models considering various body sizes, sitting postures,

and seat configurations
Various

Valrlous driving postures @ m seat configurations

ﬁ ﬂ How to align a DHM on the seat?

Various body sizes

948
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Objectives of the Study

Development of Statistical Models

for Predicting a Driver's Hip and Eye Locations

1) Measurement of hip and eye locations of drivers in various sizes, postures,

and seat configurations Head link lengh

Eye

| Ohead B Neck link length

2) Development of statistical HL & EL prediction models
= Driving posture-based models
= Seat configuration-based models

3) Evaluation and Validation of the =~ e b ok ok engn

HL & EL prediction models Baloffoot ook o /| T e

length
(BOF) (0,0)
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0 Recruited 23 participants

Participants

v Gender: 10 females, 13 males

v' Age: 20s ~ 50s (29.2 £ 7.3)

v’ Stature groups: small (< 33 %ile), medium (33 ~ 671 %ile), and large (= 67" %ile)
groups of stature by referring to 2010 Size Korea anthropometric data

| wae | Femac [N

159.7

6.6
150.4
172.8

M 171.4 171.1
SD 6.1 8.4
Min - 152.2
Max - 183.0
MD

1(2459) = 2.18

paired t-test 0 =001

—> Mean heights were found similar with

Korean population

/_’(_;\ INDUSTRIAL AND MANAGEMENT
sme ENGINEERING, POSTECH

t(2016) = 2.26 .
p=0.54 .

asa b

Size Korea (2010)’s data |

1500

155.8
(331 %ile) (67 %ile)

174.2

(331 %ile) (67t %ile)

[ Male (n =2471)
[ Female (n = 2025)

Stature (cm)
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Apparatus

0 Seating buck

v EQ 900 power adjustable seat (Hyundai-Kia Motors, Republic of Korea)

v' G27 racing wheel and pedals (Logitech, Swiss)

O Motion analysis system Osprey (Motion Analysis Co., Santa Rosa: CA, USA)

0 PC-based seat control system

Interconnected
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“wwe  ENGINEERING, POSTECH 9 Technology Lab




Driving Simulation Experiment: Procedure

O Duration per participant: 60 min

Informed
consent (5 min)

v

Body size measurement (5 min)
(stature, sitting height, body weight)

v

Marker Exercise (10 min)
attachment (5 min)

---------- Preparation (15 min)

19 reflective markers (¢ = 1.2 cm)

attached to the body 1 repetition = 15 min
Front head . ) )
Right head § ° Y Left head Driving session (30 min) Seat adjustment (5 min) N
Right acromio \"\Left acromion Maintenance ﬁriving e
N (posture measurement) 2 times
%‘or sup{ogr' iliac spine ¢
F \b Debriefing (5 min) Rest (5 min) | |
Anterior superior iliac spine A
e
Lateral and melsdial femoral epicondyles
|
Lateral and medial malleoli p E?
. e \& 21 metatarsal head ;
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Driving Posture Measurement

O Driving postures and seat configurations were measured while the seat
changes its fore-aft seat position (+ 60 mm), seat height (= 25 mm), seatback

recline angle (+5°), and seat cushion angle (+ 2.5°) from the driver’s preferred

. . -l
seat configuration -
& -v:tnno : e
/4 = &§n.‘y C!E.a\e re;:m = TllmOpla(E = va::lo Eiﬂ\?{ge t:u.\c v.m.u:l :::I Smr.v.u(h ::k; S?ie 2: Eye Iocus
A vimewes  Template. D Rectify Join  Join. VMs (6Hz) Unnamed Unnamed
by ‘ MarkerSets: | 1 d/Rel FullBody | Seat Confi 980 \
\ [Looking at +X] 970
B.%:: AN 8 - nd
AN : = =
I_..- - j 0 Start
' ﬁ - Video clip =4
Lookm stralg ht ahead ' - "
g“ . : - '-‘na,,_ ...‘:,.n l 1 .
‘E' i \.' Bia % : . s I ‘. : B8—245 1250 -1200 -1150 -1100 -1050 -1000 -950
el e \l
Hold the steering wheel i\ Seatback & trunk angle
F - 140
(3 and 9 o’clock) 1 X _—%
> - ,‘.’ .' 3 " s fF  wWemmm—- k ,;‘}_/ - 80+ SeatbaCk
‘\“L 60 -
uHmTﬂI‘\ T TTTIIT T R L T T T1 TTTTT - ::—\/\M
- ::l:: ‘J J ’:‘ ﬁ lﬂ ‘Jl l? M DO 1000 2000 3000 4000 5000 6000 7000 8000
Se— T
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Data of Sitting Posture & Seat Configuration

L The origin of the 2D coordinate system was located in the accelerator heel

point (AHP) (SAE J1100, SAE, 2009)

O Driving postures and seat configurations were calculated on the sagittal plane

Head angle

(3) Seat back

. (1) Fore-aft seat position |
€ >1
1

recline angle B-mmmmmmm eSS ——— +-5
H-point (HP) I
1
1

1 .
- i (2) Seat height e
(4) Seat cushion angle ! Ankle angle
z (upward)l 1 Accelerator Heel Point (AHP)
X (rearward) i

Accelerator Heel Point (AHP)
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Model Development

- Anthropometric data
- Seat configuration

- Driving Posture
- Eye locations

O Stepwise regression method was

applied to find an initial set of

predictors (p;, = .01, p,, = -05)

Data for validation
(20%)

Q If estimated performance (adj. R?) Bataformodet

development
(80%)

D ——

does not increase by more than 2%,

it is excluded from predictors

Stepwise Regression

P, = 0.01, p,, = 0.05

O Validation set
Development of HL & EL

v Validation of the developed model prediction models

v' Comparison with the existing models

Performance evaluation

R2, RMSE

/é\ INDUSTRIAL AND MANAGEMENT y Ergonomic Design
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Prediction Models: Summary

O Posture based: R? = .85 (.68 ~ .90), RMSE = 19.8 (14.2 ~ 26.3) mm
O Seat configuration based: R? = 0.81 (.55 ~ .96), RMSE = 18.9 (16.8 ~ 21.5) mm

Category HL & EL Regression Equation Adjusted R? [ RMSE (mm)

133 + {0.316 x FL x cos (6,40)} + {1.01 x LL x cos (8 ,.c)}

Hip, reBOF +710.996 x UL x cos (64} 0.90 26.3

. 221 + {0.0438 x FL x sin (8,,35.)} — {0.504 x LL x sin (6,,..)}
Hip, reAHP 10,622 % UL x sin (64} 0.68 15.6

Posture 110 + {0.256 x FL x c0s (8,450} + {0.981 x LL x c0s (Ge0)}
based Models | Eye reBOF | + {0.950 x UL x cos (6;,)} + {0.918 x TL x sin (6} 0.91 23.0

+ {1.06 x NL x sin (,.,)} — {0.307 x HL x cos (8,.,9) }

245 + {0.0843 x FL x sin (8,,35.)} — {0.481 x LL x sin (6,,,..)}
Eye, reAHP —1{0.343 x UL x sin (f;,)} + {0.880 x TL x €08 (G } 0.89 14.2
+ {0.924 x NL % c0s (6, )} T {0.861 x HL x sin (6,.,4)}

Hip, reBOF — 104+ {105 x S} + {1.01 x L53} 0.91 17.7
Seat Hip, reAHP —~50.9+ {8.23 x S} + {0.907 x H30} + {115 x sin (Grygion) s 0.55 19.5
configuration
based Models | Eye, reBOF 221 — {87.4 x S} + {1.04 x L53} — {693 x c0S (Gseapact)} 0.96 21.5
Eye, reAHP — 646 + {440 x S} + {0.826 x H30} + {588 x sin (Geygion)} 0.82 16.8
/é\ INDUSTRIAL AND MANAGEMENT | Ergonomic Design
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Posture-Based Models: Hip, reBOF & Hip, reAHP

Hip, reBOF = 133 + {0.316 x FL x cos (0,4c)} T {1.01 X LL X €08 (fe0)} + {0.996 x UL x cos (6,;,) }

Adj. R? = 0.90; RMSE = 26.3 mm

Hip, reAHP =221 + {0.0438 x FL x sin (f,,yc)} — {0.504 x LL x sin (G,.)} — {0.622 x UL x sin (4,;,)}

Adj. R?>=0.68; RMSE = 15.6 mm

(n=23)
. Eflfi:;gh where: BOF = Ball of foot
. AHP = accelerator heel point,
Foot link FL = foot link length,
length

LL = lower-leg link length,

Ball of foot UL = upper-leg link length,

(BOF)

Hip |

link length : IHipz reAHP %ip = h1i<113l amgle,l
! aee — Knee angle,

! E 6,.x. = ankle angle
‘7: Hip, reBOF
Accelerator

heel point
(AHP)

Lower-leg

i 0, 0)

| Ergonomic Design
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Posture-Based Models: Eye, reBOF & Eye, reAHP

Eye, reBOF = 110 + {0.256 x FL x 08 (0,,4)} + {0.981 x LL x cos (f,,ec)} T {0.950 x UL x cos (f,,)} +
{0.918 x TL x sin (6,,,,)} + {1.06 x NL x sin (6,.,)} — {0.307 x HL x cos (,.,4)}

Adj. R?=0.91; RMSE = 23.6 mm

Eye, reAHP =245 + {0.0843 x FL x sin (0,.)} — {0.481 x LL X sin (f,ee)} — {0.343 x UL x sin (6,;,)} +
{0.880 x TL x cos (6, )} + {0.924 x NL x cos (0., )} + {0.861 x HL x sin (6,.,4)}

Head link length Adj. R?* = 0.89; RMSE = 14.2 mm

Neck link length

0,eck where: BOF = ball of foot,

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

0trunkE" TL = trunk link length,
Upper-leg Trunk link length NL = neck link length,
""""""" link length HL = head link length,

., = hip angle,

Foot link 6. = knee angle,

length A/ |rrenemeeees vennes 0. = ankle angle,
BOF Lower-leg Eyez reAHP Brrunic = trunk angle,
L link length 6,..« = neck angle,
i o AHP 6,..q = head angle,

Eye, reBOF 16 ) Teeknotony ot




Seat-Based Models: Hip, reBOF & Hip, reAHP

Hip, reBOF = — 104 + {105 x S} + {1.01 x L53}
Adj. R?=0.91; RMSE = 17.7 mm

Hip, reAHP =—50.9 + {8.23 x S} + {0.907 x H30} + {115 x sin (Grygion)}

Adj. R* = 0.55; RMSE = 19.5 mm

where: BOF = Ball of foot,
AHP = Accelerator Heel Point,

S = Stature
L53 = Horizontal AHP-Hip length,
"""" i ®---fx H30 = Vertical AHP-Hip length,
' O%carpan = Cushion angle
H30 ' :
BOF @ : Hip, reAHP

| . AHP Sin (HCushion) I&

b L53 o

T —

i L E ic Desi
Hlpx reBOF 17 rﬁ'ﬁﬂi’n‘l& Labn"



Seat-Based Models: Eye,  reBOF & Eye, reAHP

Eye, reBOF =221 — {87.4 x S} + {1.04 x L53} — {693 x c0s (Byeypaci)}

Adj. R?>=0.96; RMSE = 21.5 mm

Eyez reAHP = — 646 + {440 X S} + {0826 X H30} + {588 X SIn (QCuShion)}

Adj. R*=0.82; RMSE = 16.8 mm

Eye g _________/___| ;
c08 (Gscatpack) where: BOF = Ball of foot,
AHP = Accelerator Heel Point,
Eye reAHP S = Stature
| : L53 = Horizontal AHP-Hip length,
i H30 = Vertical AHP-Hip length,
"""" H l_p_.: ! 6. catvack = S€atback angle,
— B:carpan = cushion angle

H30 P : C
BOF @ —

o AHP SIn (Geugrion) § T e
b Ls3 o
:‘ﬁ:

Eye, reBOF
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Performance Comparison: RMSE (mm)

L Horizontal axis models < 1.4 ~ 2.4 x Reed et al.’s models

L Vertical axis models < 1.1 ~ 1.3 x Reed et al.’s models

14t|mesU 17.7 [

I FO times{

Seat
-based

2.2 tlmesU 0.4 tlmesU

50.0 4 Hipx reBOF
40.0 35.9 33.3 @
30.0 26.3
RMSE -
(mm) 20.0
10.0
0.0
Reed etal. Parketal. Posture
(2002) (2016)  -based
Eye, reBOF
4 9509 46.1
50| T-T~-~"~"~"~~~"===-=-
40.0 @
30.0
RMSE (236
(mm) 20.0
10.0
) 0.0
/Z_,,\ INDUSTRIALANI Reed et al. Park et al. Posture

7mre ENGINEERING,F  (2002)

(2016) -based

Seat
-based 19

‘ o
500 Hip_ reAHP
40.0
30.0 © ®

173 19.5
20.0 o ___15_.6_ - -
10.0 / - —
' 1.1 tlmesU
0.0 L |
Reed etal. Parketal. Posture Seat
(2002) (2016) -based -based
Eye, reAHP
A
50.0
40.0
® ©
20.0 190___ 19.0 ___14_2_ ___’|_6_8___-l
- ——
10.0 1.3 times! §1.1 timesy
0.0 -
Reed etal. Parketal. Posture ., Seat .,
(2002) (2016)  -based e .pased '




Model Validation: Prediction Error (%)

O Eye prediction models have on average 1.7% prediction error

O Hip prediction models have on average 3.1% prediction error

8.0% 4 I SD
Eye, reBOF Eye, reAHP
6.0% | 279
Error 4.0%
1000~ - . 0
i (%) "7 14% g, 15%
L o 2.0% |- - ——— =k ===44dA 1.7%
| ® Validation data set | i vg. 1./7%
® Posture-based model 0.0%
. . Posture Seat Posture Seat
® Seat configuration-ba | -based ‘based ‘based -based

600+

50% 4 Hip,. reBOF Hip, reAHP

£z, : 2 .“;-4 o i 4 1 %
o 2.5%
. | 2.3%
“° BOF Error 4 oo, °
¢ (%) —_—r - —— - Avg. 3.1%
AHP 2.0%
%00 32)0. 4‘00 52)0 6‘00 72)0 8‘00 92)0 1600 11‘00 1200
0.0%
Posture Seat Posture Seat
-based -based -based -based
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Practicality of HL & EL Models

L Two groups of statistical models for prediction of a driver’s HL and EL.:
(1) Posture-based model: Geometric relationships of HL and EL with link lengths and
joint angles
(2) Seat configuration-based model: Geometric relationships of HL and EL with

fore-aft seat position, seat height, seat back recline angle, and seat cushion angle

< The seat configuration-based models are preferred to the posture-based models in
terms of practicality because the posture based models require predetermined

posture information to predict the driver’'s HL and EL

< The posture-based models can be used to estimate the driver's HL & EL

for an optimal driving posture specified

Known Model Results (example)
Predetermined HL & EL —_— Seat configuration-based | — Design suitability

Comfortable Driving posture| —— Posture-based  —— HL & EL Appropriateness
/Q\ INDUSTRIAL AND MANAGEMENT .' Ergonomic Design
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Accuracy of HL & EL Models

0 The seat configuration- and posture-based models developed in the present
study showed high accuracy in prediction of HL (RMSE = 19.8 mm) and EL
(RMSE = 18.9 mm)
< Accurate measurement of HL, EL, link length, and joint angles would contribute to

the performance of prediction models
< Motion capture system provides more accurate measurement of driving posture

< The PC-based seat control system used in this study can measure driver's natural

HL, EL, and driving posture changes according to seat configuration change
2N

U4
- S8y
¢ »
9 e o

S 8

Accuracy 1
e
8 Osprey cameras

\G\

PC-based seat control system
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Application of HL & EL Models

O Drivers’ HL & EL prediction models can be used for

v intelligent car design which provides driver with convenience such as auto seat

adjustment and side mirror control

v layout design of in-vehicle interface for various driving assistance systems,

infotainment systems, entertainment systems, etc.

v evaluation of ergonomic simulation based on digital human model

considering various body sizes, sitting postures, and seat configurations

ﬁa Ergonomic
| Bl Visibility simulation

Auto side mirror control =

Eye locatior

./
&~
\

P Auto scat adjustment Layout deS|gn

/é\ INDUSTRIAL AND MANAGEMENT y Ergonomic Design
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Future Research

O Validation of the prediction models in the real car condition
O Generalization of prediction models by considering various occupants
package layout (e.g., coupe, SUV) conditions
< Prediction models developed in this study can be applied only to sedan condition

O Applicability of prediction models that can be applied to extremely

small & large drivers

Reconfigurable
seating buck

Future works

Present

<
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Q&A

Thank you for
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