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Development of Haptic Network Game Based on Multi-lateral Tele-control Theory
And Influence of Network Delay on QoE

Takanori Miyoshi*!, Yoshihiro Maeda*?, Yosuke Morita*3, Yutaka, Ishibashi*4, and Kazuhiko Terashima™®

Abstract — In this paper, the influence which it has on ”Quality of Experience” (QoE)
in the haptic network game is discussed. First, the control method for the haptic net-
work game, in which a continuous dynamic interaction such as tug of war is realized,
is described. Second, the subjective and objective evaluations of QoE are performed
through a ”Falling guidance game” using the proposed control method. Although QoE’s
deteriorates according to increase of communication delay is investigated in the five-step
evaluation with MOS(Mean Opinion Score), it becomes clear that the degradation of QoE
is not worried for a player in the range of domestic communication delay. Moreover, in
regression analysis, it is suggested that the improvement of a future haptic network game
should be done by a visual sense rather than the viewpoint of haptic sense. The proposed
control method is considered that it is an adequate algorithm for practical use of a haptic
network game since it can realize a dynamic interaction stably also in the environment of
RTT(Round Trip Time)=400 [ms].

Keywords : Haptic feeling, Network delay, Multi-lateral Tele-control, Quality of Ex-
perience
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Table 1 Experimental parameters

| I unit [ value ] I unit I value I
d [N/(m/s)] 1 ks [N/m] 200
m [kg] 0.773 | my [kg] 0.333
c [N/(m/s)] | 1.582 ch [N/(m/s)] | 0.1
b 25 Ce 2.0
1 S+ Cc
Wi(s) (0.045 + 1)2 Ge(s) 0.005s + 1
Wi (s) 1
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Fig.4 Demonstraion of haptic network game
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| Score | ©  Impairment Scale |
5 Imperceptible
4 Perceptible, but not annoying
3 Slightly annoying
2 Annoying
1 Very annoying
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Pattern num. | Control method | RTT [ms]
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13 Conventional 20
14 Conventional 25
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Fig.6 Experimental results of subjective
evaluation for QoE
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Fig.7 Experimental results of objective eval-
uation for QoE
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Fig.8 Excitation of vibration due to RTT
(Conventional method)
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Table 4 Regressive Curve of Total quality

with respect to Operability and In-
teructivity

Estimated equation
Proposed Crios = 0.4190 05 + 0.5751 05
Conventional | Cyros = 0.6760005 + 0.3111 05
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M, ERIHREIZICEZRBEOTOAEWY. Ik
bbb, KYATF LOSHBOWED Ak, HEZROD
HRERE LI B2 K08, TLABERLEORSRER
HICHDRZBERLZNEIANETH S LORBEET:.

ZHUCHUT, ERFETRRAETEDOHLIZRIE
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(b) Impact force excited by collision
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Fig.9 Impact force due to collision un-
der communication latency (Proposed
method)

4.3 QOE D%{tEEICET I HhENER

4.1 BT X 0 BEEIEDE NV QoE M5k d %
TERHESMNI RSN, FRAMAICE->TEELE
NEHEERT S,

R AT LOR#E LT, BEETEOEINcONT
FEMEHESTDMEINT 2 LWV HELH S, EHLDTDICH
IN— O ITTPERTEN R WIREERE X, (2) D5 Oy
Kb BEA T ZREMT L, —EDBEN fu &
Mmake iz EDEFEEE v, 1T, B)RTEHEABNS
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Fig. 10 Average force according to RTT
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Table 5 Regressive curve from evaluation ex-
periment

(a) Explanatory variable : Avarage force
Estimated equation Cont. rate
Omos = —T7.615Fq,r + 13.841 0.786
Irmos = —8.T44F 4y + 15.654 0.855
Cmos = —8.148F,» + 10.034 0.833

(b) Explanatory variable : Round Trip Time
Estimated equation Cont. rate
Onmos = —0.009RTT + 4.637 0.972
Injos = —0.010RTT + 5.044 0.978
Cmos = —0.009RTT 4 4.836 0.981

R50D (a) ZRB &, BIFIDEARE QoE DMk

B BWS TR E D THRIEESZER L TED,
BIESD QoE DHLICED > TWVWAB T EHHLMNE
ol 212U, HHRERBEAFEREZ (a),(b) T
H#d 2L, BEADOEEEK D &EEBIED S HE
IRERICES S TRESCeh b, BEREETEZDOED
BB L TV 2 IEDREDENS QoE DFH{ICE
BELTwaz R hz.

3, W10 I K USRERFE () OSHER
FiEX D LBENINE V. THRRERFETIE (4)
RICBIT B e; DIEDENTED, ZOTREMEEHIH)
SN EHEBEE LTEZONS. MRS, BEOZ
LT BERS DX ITIREIMNBL 72570, #E
hEEFeNZNCEE—RTHS.

5 #5

WX T, £7, M5[EPBLIGEALYSID
&3 RS A VRS 7 a U EENBITE
R BNTT v 72w NT—7 57— LDFIERERIC
DNV, DO TRROFIEFEZHVTE TH
B — 1D QoE % FEEHE & FEFTHH DX H 53
MiZiTo7z. MOSIC &% 5 ERFEEHIE T, W@EEED
HEIMCIE U T QoE A5k d 5 2 LR S ey, %
DHLEEMI BT 2 BEBTOEME TIER, R
b5 ETTL—FICt > TRICESBVIEETH S
ML ST REFETI, RTT=250][ms]
IKBIF B MOS DRERFIED RTT=25[ms] DZ Nic
YT 31Z ORI RBRER. ZIEL, ¥—LO
FRRVIE A E TORTRARREZ AW R GicED
T2, BEEEDOEMNY —LOMBERE FFET L
HENTHS. v

EROH T, SBONTT 19732y 8 T—5 57—
LOWEZ, HEOBE XD EHEEOBAICEITAN
EXTHHTEHREEINT. X7z, QEKEEREZ
0L LT, BEBEZOEDIMA, BIES@IEIC
BRI 2 OEMEEET 5 LAREEINTE.

REROHEFEL, $HIET 5 E DD RTT=400[ms|
DERBICBWTERENCHENA VRS a %
RETESRD, "NTTav IRy v I—05—LD
EZHRMICKELRNET S 7NVIV XLTHBEEZD
ns.

B, AU BOTGEEELED Y v ZH RV
HTRCHMEEITo Tz, LHLARD, EEDOA v RZ—
Y MRETRY Yy 2L BEOHIICEERZE X5
ENFREING. SHBOFEL LT, RE@E7 VIV
AT BTy ZOFEZEENCHSHNICLTY
SFETHS.

— 567 —

NI | -El ectronic Library Service



The Virtual

Real ity Society of Japan

BFEN=F¥IVIT VT 22MXEE Vol.19, No.4,2014

AHFFRIE JSPS BIEFE 24360090 DB Z =T
DTY.

[1]

(3]

[4]

[7]

[10]

[11]

[12]

2EXHE

http://manuals.playstation.net/document /jp/psd
/settings/controller.html

http://www.nintendo.co.jp/wii/wiiware/wkbj/pdf/

man_wkbj.pdf

Dan Morris, Neel Joshi, Enneth Salisbury: Haptic
Battle Pong: High-Degree-of-Freedom Haptics in
a Multiplayer Gaming Environment; Experimental
Gameplay Workshop in Game Developers Confer-
ence 2004, (2004. Mar.)

Yusuke Hara, Yutaka Ishibashi, Norishige
Fukushima, Shinji Sugawara: Adaptive Delta-
causality Control Scheme with Dynamic Control
of Prediction Time in Networked Haptic Game;
ACM The 11th Annual Workshop on Network and
Systems Support for Games (NetGames), (2012.
Nov.)

Jung Kim, Hyun Kim, Joel Jordan, Jesper
Mortensen et. al.: Transatlantic Touch: A Study of
Haptic Collaboration over Long Distance; PRES-
ENCE: VOLUME 13, NUMBER 3, pp.328-337
(2006. June)

Mee Y. Sung, Yonghee Yoo, Kyungkoo Jun, Nam-
Joong Kim, Jinseok Chae: Experiments for a Col-
laborative Haptic Virtual Reality; The 16th In-
ternational Conference on Artificial Reality and
Telexistence (ICAT), pp. 174-179 (2006. Nov.Dec.)
Lingzhi Liu, Guanyang Liu, Yuru Zhang, Weidong
Guo, Keke Lu, Moyuan Zhou: Separate DOF Con-
trol and Mutual Guidance in Networked Haptic
Collaboration Maze Game: Design and Evalua-
tion; IEEE International Conference on Robotics
and Automation (ICRA), pp.913-918 (2011. May)
A Eh, AF 8. HRREEZzRViexy bU—7
BT IVEA LT LB BHE AT 1 7 DR
MEHARIEOMR;, BRN—F v VU T VT 1 Z25
NEE INTTav 9402503y ] FEE, vol
13, no. 1, pp. 3-13 (2008. Mar.)

Pingguo Huang, Yutaka Ishibashi, Norishige
Fukushima, Shinji Sugawara: QoE Assessment of
Group Synchronization Control Scheme with Pre-
diction in Work Using Haptic Media; International
Journal of Communications, Network and System
Sciences (IJCNS), vol. 5, no. 6, pp. 321-331 (2012.
June)

M, SHEM: < IVF ST IIVEREIEIIC X
LAV 2—2y b FTOREMG &7 — LOER; 5
12 FINAEORR LA BEMARTR, BANN—F v
WU T VT 422 (2013, Mar.)

Yohsuke Morita, Yuya Ogawa, Takashi Imamura,
Akira Kawaguchi, Takanori Miyoshi, Kazuhiko
Terashima: Design Method for Multilateral Tele-
Control to Realize Shared Haptic Mouse and
Its Application to Intercontinental Game; Proc.
of Interaction 2014 Processing Society of Japan,
pp-346-353 (2014. Feb.)

Yosuke Morita, Yuya Ogawa, Yasunori Kawai,
Takashi Imamura, Takanori Miyoshi, Kazuhiko
Terashima: Design Method for Multilateral Tele-
Control to Realize Shared Haptic Mouse; SICE

[13]

[14]

[15]

[16]

(19]

[20]
21]

22]

(23]

24]

— 568 —

=i FH

Annual Conference 2013, 2220-2226 (TuBTS8.3)
(2013. Sep.)

Daisuke Yashiro, Dapeng Tian, Kouhei Ohnishi:
Centralized Controller based Multilateral Control
with Communication Delay; Proceedings of the
2011 IEEE Intemational Conference on Mecha-
tronics, pp.991-996 (2011. Apr.)

Takahiro Kanno, Yasuyoshi Yokokohji: Multi-
lateral Teleoperation Control over Time-Delayed
Computer Networks using Wave Variables; IEEE
Haptics Symposium, pp.125-131 (2012. Mar.)
Dongjun Lee, Oscar Martinez-Palafox, Mark W.
Spong: Bilateral Teleoperation of Multiple Coop-
erative Robots over Delayed Communication Net-
works: Application; Proc of the 2005 IEEE Inter-
national Conference on Robotics and Automation,
pp-368-373 (2005. Apr.)

Victor Mendez, Mahdi Tavakoli: A Passivity Cri-
terion for N-Port Multilateral Haptic Systems;
49th IEEE Conference on Decision and Control,
pp.274-279 (2010. Dec.)

ITU-T Rec. P.10/G.100 Amendment 2, ”Vocab-
ulary for Performance and Quality of Service”,
(2008. July)

ITU-T BT. 500-11 "Methodology for the Subjec-
tive Assessment of the Quality of Television Pic-
tures”, International Telecommunications Union,
(2002. June)
http://www.geomagic.com/en/products/phantom-
omni/overview
http://www.novint.com/index.php/novintfalcon
Robert J. Anderson, Mark W. Spong: Bilateral
Control of Teleoperators with Time Delay; IEEE
Transactionson on Automatic Control, Vol.34,
No.5, pp.494-501 (1989. May)

Guenter Niemeyer, Jean-Jacques E. Slotine: Tele-
manipulation with Time Delays: Int. Journal of
Robotics Research; Vol. 23, No. 9, pp.873-890,
2004

Takanori Miyoshi, Kazuhiko Terashima, Takashi
Imamura: Design Method of Multilateral Tele-
Control for Multi-Client and Multi-Coupled Phys-
ical Model Server; IEEE Workshop on Advanced
Robotics and its Social Impacts (ARS02013),
pp.-206-211(Paper FrC2.6), (2013. Nov.)

Samprit Chatterjee, Ali S. Hadi: Regression Anal-
ysis by Example; John Wiley & Sons, Hoboken,
1999.

(2014 ¥ 6 A 16 BZ4Y)

(& & 7]

1963 £ 11 A 1 H4. 1989 4F 3 A KB
REBRIFREE 0—S 2 F T 1—.
T— (BB Atk 2001 £ 3 B BEEHR
R TRIFEETER I EZELRE
T. 2002 £ 4 A EBENRIEREEEY
2T LT 2EHREM. BE, BB
ZRWEBPE. FHEIEERIEYS, B
%2 IEEE ZEo028. {#L (I%)

NI | -El ectronic Library Service



The Virtual Reality Society of Japan

=4F-HIE- AR BIE-FI8 : TIVFS TSI VERSEERRICE D NI T 1y U Ry b T—0 = LOERSBESEES QoE IRIET RAEORE
HIE B

2013 4, AHBRITRARZTHEHERL
FRIEEE. BE, ARZERZEG LEHE
MBS R 2 L—Y g Y TEERIELHE]
HRBICESD. RERRERECBT S
QoE FHfiiC B9 B BRI e,

#H BN

2012 4, SBIEREEMERERR
BRI AT LITEEBEHIRT. 2014
£, BN MR T
FHEHIET. FE, RSN HEER
A%t, REIES.

[k E E2H

1981 4f, AHBIE A T HEIER
T2RIZE. 1983 &, FAZEREREL
BREET. AERAEEEFLALL.
NTIT b a—< VA VR T x— AR
FEREERRT, 1993 ELVEHET
FERBTHMEBELERTENBZIR. B
1, FIRFEREGERE. TNV F AT«
7 OFICHEE. T8 L.

1952 £ 6 F 24 HAE. 1981 F£HE K
BRERTEMFARHETRBERET.
1982 FEB/RMFBZ R T EMEE Y
AT LITHREIF. i, BBuRERT
1994 FERIAEEE. ¥ AT LElEERES,
HAES, AARSETYS, IEEES
DEE. T2E+

— 569 —

NI | -El ectronic Library Service



