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4. Proposal of Communication Method of Mobile Robots by Recognizing Gestures

— Design Methods Dedicated to Reduce the Misrecognition Risk —
by Jian LU** and Wei JIANG***

Abstract; As the robot technology advances, in stead of keyboards and control panels, which were
previously used as the main communication method with a robot, new communication methods which
uses voice recognition and gesture recognition are expected to become common as the robot will work
cooperatively with human being and will be widely involved in people's daily life. That is to say, robot
will act according to instructions from these kinds of interfaces, therefore the interest of our research
is focused on risk assessment and risk reduction related to these new interfaces while they are used for
robot control, to assure robot safety. Particularly in our research here, the type of the new interface is
restricted to gesture recognition, and the research focus is on reducing the gesture misrecognition. As
the first step for assessing and evaluating the different design selections according to the misrecognition
risk for gestures, two models were established in the previous stage of our research. The first model was
a three dimensional (3D) model for quantitatively expressing gestures, and second model was a quantity
analysis model, called gesture distance model (GDM), to measure the difference between different
gestures. The examples of applying these models with the average body-size data in the Japanese Body-
size Database were given, and the basic data about standard gesture features of average body-size for
Japanese people were also obtained. These results were reported previously in the reference?. In addition,
the applications of these results to reduce misrecognition were briefly discussed there.

Here in this report, design considerations are discussed about how to reduce the gesture
misrecognition during the entire design work for a gesture recognition system. The design work is
divided into three steps: basic design, function design and parameter design. In additional to the two
models previously established, two principles are introduced, i.e., simplicity principle and distance
principle. Based on these model and principles, the design method and policy are discussed individually
for the three steps during the design work. In the basic design step, simplicity principle is mainly used.
On the other hand, the distance principle, the 3D model and GDM model are mainly used in the function
design steps and parameter design step. The results and the importance of our research are that the
quantitative models and methods are provided for evaluating and comparing different design selections
for implementing a gesture recognition system. Based on these results, we hope to provide a prototype to
establish risk assessment and safety standards for the gesture recognition system to be used in industrial
human-robot interfaces.

Keywords; Human-machine Communication, Pattern Recognition, Gesture Recognition, Robot Safety,
Risk Assessment
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The misrecognition for gestures and the hazard.
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Fig. 2 Image pattern recognition.
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Fig. 4 Basic gestures and digital model.
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Fig. 6 Sub-regions in feature space of gesture.
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Table 1 Standard distances between 16 basic gestures by applying average body-size.
AFFEETEERV16BEOEERD 1 X F v —BOZEERRECUK 1)KL Y 51H)
Gesture

No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 0 138 | 195| 138 | 138 | 276 | 333 | 276 | 195 | 333 | 390 | 333 | 138 | 276 | 333 | 276

2| 138 O| 138 | 138 | 276 | 138 | 276 | 276 333 | 195| 333 | 333 | 276 | 138 | 276 | 276

3| 195 138 0| 138 | 333 | 276 | 138 | 276 | 390 | 333 | 195 | 333 | 333 | 276 | 138 | 276

4| 138 138 | 138 0| 276 | 276 | 276 | 138 | 333 | 333 | 333 | 195| 276 | 276 | 276 | 138

5| 138 276 | 333 | 276 0| 138| 195| 138 | 138 | 276 | 333 | 276 | 138 | 276 | 333 | 276

6| 276 138 | 276 | 276 | 138 O| 138 | 138 | 276 | 138 | 276 | 276 | 276 | 138 | 276 | 276

7| 333 276 | 138 | 276 | 195 | 138 0| 138 | 333 | 276 | 138 | 276 | 333 | 276 | 138 | 276

8| 276 276 | 276 | 138 | 138 | 138 | 138 0| 276 | 276 | 276 | 138 | 276 | 276 | 276 | 138

9| 195 333 | 390 | 333| 138| 276 | 333 | 276 0| 138 | 195 | 138 | 138 | 276 | 333 | 276

10| 333 195 | 333 | 333 | 276 | 138 | 276 | 276 | 138 0| 138| 138 | 276 | 138 | 276 | 276

11| 390 333 | 195 | 333 | 333| 276 | 138 | 276 | 195 | 138 0| 138 | 333 | 276 | 138 | 276

12| 333 333 | 333 | 195| 276 | 276 | 276 | 138 | 138 | 138 | 138 0| 276 | 276 | 276 | 138

13| 138 |1.276 | 333 | 276 | 138 | 276 | 333 | 276 | 138 | 276 | 333 | 276 0| 138 | 195 | 138

14| 276 |2.138 | 276 | 276 | 276 | 138 | 276 | 276 | 276 | 138 | 276 | 276 138 0| 138| 138

15| 333 |3.276 | 138 | 276 | 333 | 276 | 138 | 276 | 333 | 276 | 138 | 276 | 195| 138 0| 138

16 | 276 276 | 276 | 138 | 276 | 276 | 276 | 138 | 276 | 276 | 276 | 138 | 138 | 138 | 138 0




i e AR GRS Y INIOSH-SRR-No.36 (2008)

BHIBMIFEEoY 2 AF Yy R, oEhka—v
YIT—HBLI AT HEN,

PeoT, VAZFOFEOARIZL DY = AF ¥ —ik
Frcid e, AMOBEBEL bEETRETHH, 22T,
Hiak o #eq, midE, Ik, AV, AT E W50 0me
WL, mOKEEEZ Vv —7{1, 2, 5 12, 15}»G12
LG5 b iz, G6EGllx A, G6%x 51, Gll
Z RIS R IS B 7,

35 INTA—HZ—ERETt
1) ¥ TN DERE

NG A—F —HFEE T, Y AFx—0Y T
RIS T AEEIT ). V2 AF ¥y =GOV v T
SRENE, EDTY 2 AF ¥ —%AT ) BB AN OB,
THbbHORIRGEOMELR EN LA L LD «
AF v —DRHAE L DBETH %o RAIO RS G H >~
TNCX%E Y 2 AF ¥ =Gl ET 5720, GxEGin
FEHE Y = 2 F v — & o figkdist (GX, GI) Y = A F ¥ —
GioH ¥ 7NV G OHHINTD 5 02 Wi+ 57200
METiZ e 5, ZoTids, dist (Gx, Gi) <Tio 5t
7o E, GXIEGI EMETH I ENTE, BRI,
X=ik7%5,

Wiz, BETIREDE X xFig. 72 HwT, Y= X
F ¥ —Gl, G2& ZDXRINT 5 4R ZM I X ) B
T5h, 2T, Gl12Gi3#% %Y = AF ¥ —GiOW,
By 2 AF v — PR/ E LA GDEET 5,
FNENOIFHEMFEIRO M OIGEREY 2 A F v —T
HY, ENERRGHERT LY T VOHEEZL (F

GIOYUTIL
SECERECD

G1&G2D
BB

G20¥T )L
TN AEEEC)

Fr el eR

Fig.7 Distribution of the same gest ure VS. distance
between different gestures.
ALYz XFvy—DYCTIDHERL D
Y1 AF v —EOERH

7213r2) T°EY (LT, SHcEELFER), Y2 AT v —
GlbBwT, BMMTLE, Ti>rlzwmd L2 nE e s %k
Vo L L, FEBRTX, HOWAEY VT IIIHILNTE
LB RrLEHEGmICE SN WD, Tl Stz
HTREDICT IUENRD L, 72721, MRARr1IORR
2, Gl:GIZIET 2 oM HEEEL T LIk
D, ZORBGC2OY ¥ T NG EHO—i8%EGLE Bk
HYATHHEL 5,

2) MEsFiET— & R— 2 & W 7R

FH T WATHIE T & B 5 HCRE 2 #Y)I R 5 72
B, MEFEF =5 X=20 595, mRKEEOYF YTV
TNV—=TH b LI Thbh, ZO% T
TN—T IR v AF v — LR KGWMEGET LY T
WERBTIENTE D,

Fig. BICZDF = R—=2FHW/2 YV 2 AF ¥ — D
YR WP RO ES 2R T, 22T, Y AF v —
DR (Y 2 AF ¥ —ORIST L)) 139T
S50 T TH 5B, HAAMIZ, GLoHE1H1E39.76% /RT .
2 RV 2 AT v —HORNERE(KY 2 A F v —
DT B E25)) 13T XTI60L ETH B, BMHTLIE
TELRYNZIVEIMO Y = 2F v — & O 28T
LEV)HETEFT LV, ENORXHL-E2EETS
L rlolElr — Y Y R EATAMA B B E £ 2 5
Nb, $hbb, Tl=44L7 %,

O Distance with the same standard gestures
B Minimum distance with other standard gestures
O Average distance with other standard gestures

it

1 2 345 6 7 8 91011121314 1516
Gesture No.

Distance

Fig. 8 Analysis of distances between gestures of
the max height sample and the standard.
BRRKEROY > TIVEBED 1 XFv—0
EE R



VI AF v B RA LB EaRy FeDaI a2 —v g y—REEHY AU KRS 5 e ORGEHTFE—

4. £&O

VaxAFx —FiBaEa Ry s ofEISHT 5
BEMNRICLT, Eild#» RN L2 REZRIDT L7
w®91x+k—ﬂﬁ/17A® AR EREL .

VI AT X =ik AT LAOFUFTEEICBVWT, Y
AT v — OARRER, FEOEE, VAT v — Ok
(B8 HER EICOWTHRENERDPLETH D, Ih

LEFHEIICOWT, Y AF v —DMEHRY 2 7 DR
NN D T % BFETERE D3R 7 v T TR L
7oo BARIICIE, BEARBEETA T v 7 TIE, fEALEIRIC
OWTHM L, R AT Y TRUIT X — 7 —%F
AT v TTIE, VAFr—ORMEALETNVRTY = A
F ¥ — BT T VICOWTHA L7z 20X ) %iks
FHEIEY 2 AT v —FRE B RET Ry M#EA
TE, ¥V AF v — ik FEOREM OFEELICE DS
LEFEZ D

SE Wk

1) =, ZE, BERFARL—FDOY 2 AF v —ik
A LB oRy beDaI2a—"Fr—3
CFBR—HIHAY = AT v — OBMELE TV & ERER
W) A7 DA -, PSR A TR R BB FE R
NIIS-SRR-NO.33 (2005) pp43-52

2) J.Lu : Assessing and reducing the misrecognition
risk for robot control gestures using pattern
recognition method, Proceedings of SIAS2007 (5th
International Conference on Safety of Industrial
Automated Systems), Tokyo, November 12-13
(2007) pp.391-396

3) IEC 61508, Functional safety of electrical /
electronic /programmable electronic safety-related
systems Partl-7, IEC, Geneva, Dec. 1998-Feb.
2000.

4) S s, JkbikE—, REAREDEAM -1Ry MR
RAVERHEZ DWW T (538, MAPARA: Bl e i Bl oD
ERALIZOWT), HABM &k (C), vol52,
no.475 (1986) pp.1110-1117

5) H. Kumamoto, E. J. Henley : Probabilistic Risk
Assessment and Management for Engineers and
Scientists, IEEE PRESS, pp.166-172, New York,
1996.

6) V. Parameswaran and R. Chellappa : View indep-
endent human body pose estimation from a single
perspective image, CVPR 04, Vol.2, pp.16-22,
27 June-2 July 2004.

T) EEBMBEMAER TV IV 2 —~< V%L v

¥ —, AISTAMKS 7 — % X—21997-98, http://
www.dh.aist.go.jp/AIST91DB/
CP204E11H 13H = 31



