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Strategies of Collision Avoidance with Moving and
Stationary Human Obstacles during Walking
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Objective: The aim of this study was to investigate the strategies for avoiding moving and
stationary walker using body segments during walking.

Method: Ten healthy young adults (10 males, age: 24.40+0.49 yrs, height: 175.80+5.22 cm, body

mass: 70.30+5.22 kg) participated in this study. Each participant was asked to perform a task to
avoid collisions with another walker who was moving or stationary during walking on the 10 m
walkway. Both walkers were performed at natural self-selected walking speed.

Results: Medio-lateral avoidance displacement of the trunk and the pelvis were significantly
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increased when avoiding a stationary walker (p<.05). There were no significant differences in
medio-lateral center of mass trajectory. Rotation angle of trunk, pelvis and foot on the vertical
axis were significantly increased when avoiding a stationary walker (p<.05).

Conclusion: Based on our results, when another walker moves continuously, the walker recognizes
another walker as the object of social interaction and performs the avoidance strategies while
expecting the cooperative distance. On the other hand, when another walker is stopped, it is
determined that the walker has an obligation to avoid, and the walker performs a relatively safer

INTRODUCTION

22 Qlzto] LaMes FRISH= BIEA| Et|= Of
HHQ 2 F0f stLto|ny, 2tAX =0 CiXNSH He=
A2 A B0 EHSEJACE 2A7H2 UM 20| A
HAS =AM R FEjQL ]2 7|9 FolES of
F5HA £, O|F E7AL mote TEte 89l Wole 222
0| & tCHAlcock, Galna, Hausdorff Lord, & Rochester, 2018;

Yoon, Chang, & Kim, 2014; Choi & Yoon, 2010). 28 & Atz
O|L} ARIZE FOiEtel S Hote s 2dsH 0|
Qo E&XQl 0|54(independent mobility)S 275+7| f
= 0f|(Gérin-Lajoie, Richards, & McFadyen, 2005; Olivier, Marin,
Crétual, Berthoz, & Pettré, 2013; Patla & Shumway-Cook, 1999),
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A Zhof| e = = R 7HA| o =1k AR A =l0] EXYst
= A SYULL EX= oi=S AXIS AIHOAM o B
2 ZEXNZ|7t 2757 HE0 AEZ0|E S0|HM Bl
EE =F10, OIS0 oot BEXZ 2= £ oS 2=
g e 3717t =FE EEYe S tes EESE A2

2 LtEFSCHGEérin-Lajoie et al, 2005; Gérin-Lajoie, Richards, &
McFadyen, 2006; Patla, Adkin, Martin, Holden, & Prentice, 1996).
mEtA ZolEdt 52 YXGH| ot 23Ae A= A
0], 7§23 7H(personal space)l| & KOl A
B3 X Z(gait adaptation)Z AE5t7| 2ot 0|5 A|AHIS &
H 7[E22 MEECh= "% 2 4= ULk

AdoMeE RS B {1 &
KLp CH2

>
rlo
o g
oy
>

Bxtet 22 &
2 WX|57| 2ot 2t
Ct 2%/oj1 A =
X0l S (stationary obstacle)0il H|3l F7+&Ql J_-'Hﬁl(addltlonal
challenge)?t 27 EIChFajen, 2013). 917t2 A &
M YojEote| SE5S YKISH| fls 242el sE%t xdeﬁ‘%
AtgotCt EA FHojE2 =YK= AIXI0|S (parallactic dis-
placement)2| 171t Mo o|ESt= BHH, & Y2 &
Of=1te| AH2|of CHSFO A|ZHE Q1 =X (visual tracking)2t 1=
9| A|40|52Zf(gaze movement angle)2| 17H1} Hstof o|=s}
0 (Basili et al, 2013; Cutting, Vishton, & Braren, 1995), O|0f I}
2t HATEF0| +=FECH

QIZHE D FOoiEo| WEjo w2t S-S WKR|SH| /st
2ETErO| HLIE LIEIHCE O E S0, ZHojZat ZOoiE At
O|& &1laperture crossing)siOF Sh= A=H0jA, MU= At
AIO|E St Mol HIs{ FX|E Z(pole) AOIE S1t If
o W=H SoFsChHackney, Cinelli, & Frank, 2015). 9+ 744t

2 (virtual reality)0il M2 HEZuto] 2™, A2 G(cylinders)
LE ARRFS| Ch2| = ARZFS| FAl(full body)oll et CHE St
A2|(crossing distances)?t EHEE| U 1 (Lynch et al, 2017), O|2{
ot X0l EYTEOM E LIEFHTE SHX|2E X|S7HX| Q| Fof
= SSYX 0 2ot AR E2 UIRE X YHEE MHHA
L d2q 52 oiHZds &% o= E 0|83 CHAravind
& Lamontagne, 2014; Cinelli, Patla, & Allard, 2008; Gérin-Lajoie
et al, 2005, 2006; Gérin-Lajoie, Richards, Fung, & McFadyen,
2008). Lot Hal Al HOiE SR S ZAe LIREE2
ARAE2 A7t B3B3~ (spatio-temporal gait parameters)2t
= HABIRZ| =0 MN2ES o|8% F=LX| HES A
AlS=H 012{20] RUACKSimieli et al, 2017).

B F HolE SSLA| M2 2L gHEOX
OFM O (safety margin)ofl [CH2t & 7HK| HEHZ L

4

XlC
I_
Yoi=of HOHTo| HE 49 EdZ=o| Biglo 2
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O] QM EEE 0|83 3|T(avoidance, Figure 1A)S A|=3l1,
CHMOLRIO| &2 HAR EHMAZE HIIA|F{ 23|(circumvention,

Figure 1B)S A|=3tCHBasili et al, 2013). HAM = A 2
X7t ZO422A LIEtLHE Agto] BIRHSHA dhdstn S
Xl ntxof =OoAH EICk HEJUALL SZ20|l= A 2K}

2 HOpSEA AX[SHD, HES YX6H| 98 MA@ &
L 232 Mool HUNY U HIHAS S0 28s
Of St= CHEIHMIC Ol XBIokA EICt. T2ty Hoj8ol
Mol MElt SHOl YEIS RS0 ARIE KE|ofof &
TR0 IS ®Ot OfLIZ, 2 £HE 08 SEUX WY
of CHet 2SBIRQl 40| O|RIXOF BiCt & @10l 22
23 Al MTH Bate] HY SN MEjo) M2 SSWR| M
of HIgt2 ZASLY| SIoH IMETO| RSN A4S MAS
& zo|ct,

/

Avoidance

Circumvention

Figure 1. Walking path (blue-line) and whole-body movement
(skeletal figure) between obstacle avoidance (A) and obstacle
circumvention (B)

METHODS

2 oi7o| AR 212 efezt FHels walo| gls
2% Mol 4 10802 MESICHTble 1). A8 H, 4%
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, ZE T[HXOAH

8 ot %, Mo

SMU-2018-05-004-01).

Table 1. Summary information for the participants

Healthy adults (n=10)

Age (yrs) 24.40+0.49
Body mass (kg) 70.30+5.22
Height (cm) 175.80+4.98

2. AyEK

Medio-lateral
avoidance displacement

Medio-lateral
COM trajectory

i 10 me| EHZOIM EHZ HAIGIRACL 25 242
HAIBH7| 2[s eCiel Mol ZiH|2h(Vicon, UK)E St
DLt ZEYX| ™MEFO| O|FX|= F7to] XS, ojuf EH
& (sampling rates)= 200 Hz2 A735t0] Nexus 1.8.5 (Vicon,
UK) ZE2OMZ 0|83 SHSIUCE ZHXtel =&, &t A

=3
YAZ(FEEE) L 22 ZHYSY| o) AAIMESSH BhALOEA
BHE 2 2F W HEHO| SASHALCE MO 23X B
et 278 A0l HRERMM EX HolE g2 FAHSIAHLY,
Bre % Q0| ERXFeRE A0t 35 HolE dgsS
SHSIUCE O MO 2= Ot 3|I|SE T SHA| @
U, HAXIE APHO| MO EHAe| Aeg mtste AS
XS] /o F 7HK| ZHE AR MHSIH F+HSIACH
Lot HAXIL SEUX| MES AT A0, d=ME o
SEUX| TR E= 2U)S MEle = ULE, M0 BA
AtQ| 0| &% (locomotion axis)& E#AS| % 15 cmZ AH

=

St CHHackney, Van Ruymbeke, Bryden, & Cinelli, 2014). 2&
Oeits 24 S=Zd0f wat 242 33|19 BEdE Moihez

HAISHAL,.

Rotation angle
on vertical axis

Figure 2. Definitions of medio-lateral avoidance displacements, medio-lateral COM trajectories and rotation angles on vertical axis

of trunk, pelvis and foot
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3. Xt X 2|

Zb DAL A Y Al RAeh 0p7 9| 3k HI0lE =
Visual3D (C-motion, USA)E O|83f Xf2|5tCt T oA
9| 2|X|HI0|E{= non-linear transformation (NLT) 2HAIS At
Stof 2t ZHofEtoilM H-E OrAHel QIXEEE 3K+

> pi M
i

Of

1 R o
o1 2 & o

AL, o|if XtEtFEIl= 6 Hz2 28
2t 239| 3@ Z k= standing trialdf| M 253 2}
3R RIRIARE 7oz E2ESHEM TAMEE /AKIA

7 Joint Coordinate System= &735t1, Cardan Xyz rotation

Hr

sequence (x: medial-lateral, y: antero-posterior, z: vertica)/& At
83510] A 4SHRACHCole, Nigg, Ronsky, & Yeadon, 1993). =4
T2 O ENEE 2usts S22 EdFT)ez 4
ML A CHBarbieri et al, 2018). A B2 ZF HHE0|

=

=)
HAS TSP 9ol B, B, ¥ B IFHO 3

7 =

—

> o
o

542 (medio-lateral trajectory)t S5, 24t 2
| #2|(medio-lateral avoidance displacement), &5,
HO| F=ZE|Z=(vertical axis)Oll A T HZHE (global axis)
2 0|2 £ 3™ Zt&(rotation angle)Q| X|CHZLS A&

F(Figure 2).
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MO 2HXIL B = HOISE LIEHHE If S5Ql £
FHOl MEfO] [E FSEWX| M| K08 M| 2]
CHSEE ttest (paired rtest)S HAISHO SHZEQ XI0|E &
MEIgln, QOo|+F2 =052 HAH™SIAULCE
RESULTS

L 2Xlo|= HEX} 3|1 Al 1139+
3|m| A 1518539 cm2 HH U=

=
ool Al, 50l 2HA} =|0| Ao B[} FASHA S
I.

HEXt )
b5t Ao 2 LIERGCHp< .05, Table 2, Figure 3A). 2Hto| Zt.

2 3o Hele S0l EHAL || Al 872+3.84 cm, B
As 2 I Al 1245+4.18 cmZ2 HE QY= =X} 3|0
Al, 22/0[= EAX} 2|m| Alof HI3H F2BHAH 7t A=
LEEFSHEH(p<.05, Table 2, Figure 3A). 2ol Xt £ 3|m| H2
2Z0|l= 29X} 3|O| Al 9.86+479 cm, HF U= AL T
Al 12674441 cmZ £ =4 7tof| §o|8t X10|= LIERLIX] 8
QULCH(Table 2, Figure 3A).
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Figure 3. Mean + standard deviation of the medio-lateral avoid-
ance displacement (A), the medio-lateral COM trajectory (B),
and the rotation angle on the vertical axis of trunk, pelvis and
foot (C) during walking and avoiding from moving or stationary
walker. The * symbol indicates a significant difference between
avoidance strategies from moving and stationary walker.
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Table 2. Mean + standard deviations of the avoidance strategies and the paired #test results

Human obstacle

Variables Segments t-value p-value
Moving Stationary
Medio-lateral Trunk 11.39+5.95 15.18+5.39 -2.954 016"
avoidance Pelvis 872+384 1245+4.18 -2.802 021°
displacement
(cm) Foot 9.86+4.79 12.67+4.41 -1.508 166
. Trunk 8.24+4.68 8.67+4.86 -.285 782
Medio-lateral
COM trajectory Pelvis 7.18+3.43 7.92+4.56 -458 658
cm
fem) Foot 10.01£5.24 12.39+5.02 -1.231 .249
. Trunk 5294+11.48 61.72£14.58 -3.542 006"
Rotation angle
on the vertical axis Pelvis 28.10+7.25 38.14+14.44 -3.641 005
de
(deg) Foot 33.90+10.75 46.04+13.52 -3.618 .006"

Note. The * symbol indicates a significant difference between moving and stationary human obstacles at p<.05

824+4.68 cm, HE U= HAMX} 3|T| A| 867+486 cmE F =

d ZHol| 72lgh Xto|= LIEFLEX| BRUCHTable 2, Figure 3B). =
gtof zt. 2 FYFY Hes S0l E&A 20| Al 71
, 8 I

| 7924456 cmE F _._?;l Z

oo

+

-

r

=89 &% 32 20l 2} 3T Al 52,942
1148°, HFQUE EMXL o|0| A 61.72£1458°2 BHUE &
Xt 3ol Al 20l& E% b 3lm Alof s [olstA St
ot Z{O 2 LtEFGCHp<.05, Table 2, Figure 3C). 2ol 2%
2|2 220l E™X} salul Al 28.10+7.25°, HE U= =2
Xt 2| Al 38.14£1444°2 BHUE EHXL ST A, SE 0|
= 28X 2T Alof Hlsh FOStAH B7te AL E LIEGC

(p<.05, Table 2, Figure 3C). &o| £Zl= 3|

SR} 2T Al 3390+10.75°, HHUE 2K} 3

1352°2 HF QU= Xt 5T A, %X'Olé -]
LIE

of HIgH F2lStA S7tet A=
Figure 3C).

DISCUSSION

Mo

S oz &

1, ozt FojEae FE2 Hstr| Qs HolEs XISt
7] 3 HEXM2| s} 0| 7|H2R ot SSUWX| MeF £
o] FEICH 2t FHofZo| HEl X AH2lE AtHo| ot
st FEUX| MES F=ESH| 2ot AlZA He2|7t Eadt
7] W&o, HX HojF0 HIots BEHEEE ZQICKGerin-
Lajoie et al, 2005) FEE DAY F Ues BESH AlZtE EH
St7| Rl RS EE e St 7H°._|-3-._(personal space) =
= QM fx._l(safety marginjg T=5t1, 0|E |{XI5H7| 23l
HOES 23|(circumvention)&X| Chagt §|Jl|(av0|dance)5”
o o|=&X| ZMSICHGérin-Lajoie et al, 2008). O|2{3t ZOiE
oto| HMOLEI2 ZOiEo| ST ofL|2t FHofZ0| HHU
ALt 220l O|S&E O et ZSSHEX| Mo 2 Xo|E
LIEFHCE 53|, AFZQl 2 A0f EAXZM Oj HIHSHA
OFFEXA |0, MERte| SEE Hst7| flst &2 =33}
A 2Lk 220l Yot HH U= o= s 2= A
AMNAEEO| XM2|o|MEE KIO|E LIEILHDY, ALTIO| 2|5}
2Lt ChE 2lOESEE 57| 2T O|lsdEE A=Y ot
=0 AN E|ATHO| HIES &E3|

o N

Z
7| TloF _tlsalﬁ s4E =g l, 2013;
Cutting et al, 1995). O] ¢1o| Zuto| M HlXt= AT 23
xtete| HEE LSty 2ol O|lsEEL| =8 &3l 27|
Hots HUPHE SAES 018510 2|mlsh= AS el
O, Ol &OH 2o HXN . 55 HEfof w2t Xto|7F AS
2 LIEHWCE

olIZto] 28 X|EHQl 0|52 AAE O, 7} M2 X2|H|
&(processing costs)2| 2FHEE HETCHPham & Hicheur,

2009; Pham, Hicheur, Arechavaleta, Laumond, & Berthoz, 2007).
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