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Force Arrow: An Efficient Pseudo-Weight Perception Method
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Abstract

Virtual object weight perception is an important topic, as it heightens the believability of object

manipulation in immersive virtual environments. Although weight perception can be achieved using

haptic interfaces, their technical complexity makes them difficult to apply in immersive virtual

environments. In this study, we present a visual pseudo—haptic feedback system that simulates and

depicts the weights of virtual objects, the effect of which is weight perception. The proposed method

recognizes grasping and manipulating hand motions using computer vision—based tracking methods,

visualizing a Force Arrow to indicate the current lifting forces and its difference from the standard

lifting force. With the proposed Force Arrow method, a user can more accurately perceive the logical

and unidirectional weight and therefore control the force used to lift a virtual object. In this paper,

we Investigate the potential of the proposed method in discriminating between different weights of

virtual objects.

» Keyword: Virtual Reality, Object Manipulation, Weight Perception of Virtual Object

[. Introduction

#<+ 3D HaEdolEt ofdl mhE 1 IE o]~ 7=
WHow B9 7HEEAdA 3D fE A ES de] &8at

I =9 7PN 7 A 222 AREAR7E
Fae] Ao A3 28-S = H A0l

me R
i
-
poy !
o DO
9,
X
N,

S v177) uhe] S Baehk B 5 ok AL
M AAE 2ARE B9, AR WA M ANE ) 5]
51, AN T AL ST, 180 AL 2Ao] e
Syl ik, wek B9 /PR AL the 1
AAEE ol Ak Aol ohle Al FoE SbY
AAE ZANE Aol 7 AR WHOE ALgAE A %
42 Slali 744 A4S e e glo] 24 ¥ Qrke
Aol k. o7l AL AAE ZAHAN AA AAsh
B2 =g ATHEIE AL B9 ABANN 245
= AANE AA AT A4S F 5 ok

B epo it B9 AR AT AAE 24
W), b AR FAGE AEee e A8 A

T O]E} 7V 7—‘1 ﬂ% ks o gk Z:L;
=278 E(exo-skeleton) 7]4ke]
]”9“0}04 7P AR AESsich [3, 4,
]”Q“X}«] o, & 283 71| of 2]
e ¢ EM]O] E% FAgi) o] AREAPE RS B0l S
Aol A AREALe] ol H-2bgl g QlEH o) A~ 5S 24 8t
7V AR 9] FA] ABte Fs ol E = WHOR FATE
AFgch o]y gt WSS AM-SlE AS- AREAPE 7P A
g FARE =2 AT U B Y AAES ARSAPE

$287] W) AHg-gsh B BRelA] BAZL Hek. oleld
BAE A5 4 g B AET Al B ATE
o o113 5Iek ol el 4L AEAZE Y A

=98 o, ¢ EM]O] A, ARgARY] FE- ol Fz2kE AlA
£ E3A E“E}O] y|=#(Tactile Feedback) 2 Z}7] ¥z} m=
(Proprioceptive)& =717 stz §4¢] do6]. slE A=

* First Author: Jun Lee, Corresponding Author: Jun Lee

*Jun Lee (junlee@hoseo.edu), Division of Computer Information and Science, Hoseo University
* Received: 2018. 04. 02, Revised: 2018. 06. 20, Accepted: 2018. 07. 02.
* This work was supported by the National Research Foundation of Korea(NRF) grant funded by the Korea

government(MSIT) (No. 2017R1C1B5076972).



50 Journal of The Korea Society of Computer and Information

of W2 7P} A thE FAIE uebs o] A= Fa AAE 22k A, AHEARE 71E9] 3D AA A 3
e 2 AnE g2 sl AREA) o Ao FAE 22 WEY vastd AR 7 AAE 2Astas &
=2 5 eSS, 8 9. oS AFEL MY FAE ul A A gist FUHH ws YHES g5 4 gl
AR v 5 A siEths o] UL oHE] AMEAPE o] ARIaga AAHo R AN g F 5 ke FHe]
e Y 17hs 2 e AAES FAsok stk Helld, Stk 7P A 22 A A A F8% FAES oE
ARgAF] o)A o] "otk Wl Qlt A AR £ & AN 7P AAE L, AR 7}

B =R P Al FARE =gdelu HHe A AAE ks ohgre yjmuls AFaiFiikolh
2 T ¢ e A2 A 7P e QlEHo]~E Al Borst et al.> E8F¢l Y S A FeFEeE A1E F
QFghe}. AlQksl= W2 Force Arrows AlZseto] ARgA7E 8 SIITHS]. ©]52 CyberGraspehs #E QIEHo] 28} A}
Al 5o &Y= 7P AAY] & FAs, o] 7P AAe A &5 ] g vleolE St AFE AAE A
SHRE Al mE 7] 3] ztolg FAISHE WS AR 83lo] Q14H ARl EEAS 33 & B Aguo] A%
Stok, AREARE B9 7PSEA oA o] FAIE 7H 7P AR sle] Azt g AAIE /e 5 ALF sl AR 7Y
£& 59 2YWA, Force Arrow?t 7M3 715 FAE 2&  AAE A0S o 292 g guus 3] SaiA A )
I AEE 2ES 3 Har, ol Age £ P AAE W] Ay 2 HEY A2y iy 2dS Aokela, o] 2E 7]
S0l 2EA "ok ARAE gﬂ B0l Y& FAAM AR wkelA Y gEulg AEH o dste] AlFsiGith o5
Akl ol Q= ZHF AlAE0] FFHo] o] FAXA HaL o] o wWhEW AMEA} 7V AAE A%S W A @ F
el A 7P AAE ol SEUA AMERRE 7P AA] o o digk =8 3 I=ud AP FARY 2 o
o FARE =g Aola (o R WA "ok F, AR B $E #E FEue AFsH] %3k Otto et al ©]
AHH FAS w/AE A, 7P AAE o] &9 o H FAE NG E3E e gu AAES Aoksle] A
Hoek =3 Fof| F& FHA FFS AHelA P AA] T AL T EoR M AAE AHEA 22 wnk oplg
Aol Gotd £E2 5o YA HW FFH IHS B old wElA le FARA 2dshs Al2EE ARl 5k
S0l g 7M AR FARE P H oz AT = Juk. 4, 5] ol ) M AAE Ha 2FsE AL B2

= 2 oA AREeE el tislA] AREAF HUEE 5 AV whE AA|e] Y =S 2 GARIARE AR 3
gapolom, 7 Ayt 5545 Y AEHo|~ES AR g FEug wr)7] e 3Y 2, fY &3 2L vsa
Eou} ol Halelx] gk BY JPFEA SN TP A B AXES B o stk HolA vAEe 7B glek

_ﬁ
or
ox, !

WAT 5 YA B oISl AL P AANE AR ) AAe] W A
D FEAL BN A & ] 0 ATEH, AHgAL] BE £7hE] oz A E
738 ¢ el @Y QEdol~E FASE AL BAL ANE

X
_O‘L
by
&2
L
g
N
Y

}1:
N

=

‘

AE ol £t AN PGS wddeln AR EAL 0 o] W ALl ~ES obdlz AN AHEATL
“7 % QE M B8 AEeAE Ak Holth  AUE = 3 9 ATl o|FolAeHT, 8, 9, 101. 34
WmRe] PHE vhet gk 2900 M Al FA v AR £ Hgahs Bl ol Abg Aol EA7t
W2 ABUIAE] A% AT PSSl T Bohieh 3 ek wol vk
ANAE Ak Azwel WY R B9 AIRE) WA = oleld WE el 2EE 41HQ AR Rdske o
ek 4o 2 EF AL A2E AgSel 48 0, F o 00T B9 el e sl g
A BE B AT Y ANE o] 29 ) RAG  FeElE ALgse] A8 Y AR RAE =2 Y%
& 17 5 deAel g Bk FAHE 5P B =R % ok o] o|FolArh Funahashi et. al. & 714 3
oA AQHE Azgel td AR L FF molsolol T Ul S £ F) ATATE GE s 272 e
2 e, A5 AFNFOZA AHATE 2] v A5 7w

A = ol ¥ (i oAt >

= FAE EE AR AT Hannig et. al,

7] 45 tlupe]~E ARste] FAIZES AlEdeld skl

2] 258 & 7P AA ] FA wet AEE & F 9de

oo =g 2dsle] FARE & 5 AT J=ue XJlOPo}OﬂE}

Il. Preliminaries . éﬂ%@_i g AR e oA, &

1. Related works

Y 7P o g4 W oz A MY AAE
Eo2 AAxHA Fu 2248 st 1ol iE g
2} 3 AF-Eo] WS Wkl ALEAZE o2 TPd A

g azﬂE% Sol 24 % IR sl M BALE 7
ssteH6l. g S W

= =
=
e u l—_]—_r
i < 7V 7—’12115 1 74 o e FAIRE

mlm



Force Arrow: An Efficient Pseudo-Weight Perception Method 51

A, o8] Eolit Hol WY W 7 S gl B
Fhol2 e $2gjo} Gk HolA AN o147 da
AAA AT AZHA Bl = me Abg o
2 »}Ewg o)), A7} 13 ANS 5o 89 W gohe

EHSH ool He AAE 5o gee W Sme

=

[1l. The Proposed Scheme

1. Force Arrow method

-2l Force Arrowghs 73 A4 FAZRS YeE Al
Q1 g o] 2~& AlQtgit) o QIFF o] 2= AMEAL 2}
o] &of ofw tjupo]at FAES FAEHA 7V
173E =2 F JEF STk 17 12 & =iolA Alddse
|2=5lo] 7P AAE kS WE HolErh 19 1 (D) 7

o] ¥ %01]*1 A A =R &) o] AE 7143 A

[

N

[

J—_]—_n:

X

>

i)
fo
ol
N
M
oot
Ja
)
E
ol
2
o
2
il
2

e Az A7} S A S %a% %

T /\Aq

Muscle contracts

(B)

Force Arrow to control
velocity and forces

(A)
Object is grasped

Fig. 1. Concept of the ‘Force Arrow'—based interface for
pseudo—-weight perception. (A) Initial state, user grasps a virtual
object. (B) While the user is lifting the virtual object, ‘Force Arrow’
helps the user to control the corresponding lifting force and
velocity. (C) Muscle contraction occurs during the lifting process,
leading the user to perceive the weight of the virtual object
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Fig. 3. Force Arrow—based interface. (A) The arrow
indicates a discrepancy between the lifting force and the
standard force. (B) A blue mark indicates the minimum
force. (C) A red mark indicates the maximum force.
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Fig. 4. Examples of calculation and visualization of the
Force Arrow. (A) Current force is lacking. Thus, a user
should increase the lifting force. (B) Current force is
excessive. Thus, a user should decrease the lifting force
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Fig. 9. Use of ‘Force Arrow’. (A) A user lifts a virtual
dumbbell. (B) The user lifts with consistent velocity and
force. (C) Force arrow points to a gap between the
current lifting force and the standard force
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Table 1. Dumbbell weights

Dumbbell Weight
A 2KG
B 4KG
C 6KG
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Table 2. Results of the lifting experiments

Condition ANOVAs Mean & SD
Results(a=0.05) results
. F= 8.701903, Task1(M=0.65,
Difference Task1 from -0.006356 SD=0.171)
Task2 DGSW'_ 0588 Task2(M=0.83,
’ SD=0.114)
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