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Discrimination of Dual-arm Motions Using a Joint Posterior Probability Neural Network

Keisuke SHIMA™®, Yuki HIRAMATSU**,
Taro SHIBANOKI** and Toshio T'sujr**

This paper proposes a novel dual-arm motion discrimination method combining of the posterior probabilities
estimated independently for left and right arm motions. In the proposed method, first, only the posterior prob-
ability of each single-arm motion is estimated through learning from measured biological signals using recurrent
probabilistic neural networks. The posterior probabilities output from the recurrent probabilistic neural networks
are then combined based on motion dependency between arms, making it possible to calculate a joint posterior
probability of dual-arm motions. With this method, all the dual-arm motions consisting of each single-arm mo-
tion can be discriminated through leaning of single-arm motions only. In the experiments, the proposed method
was applied to discrimination of 15 dual-arm motions which consist of three right-arm motions, three left-left
arm motions and nine combined dual-arm motions. The results showed that the proposed method could achieve
high discrimination performance though leaning of three motions for each arm only (average discrimination rates:
97.49+2.37%). In addition, the possibility of applying the proposed method for a human interface was confirmed

through operation experiments for the glovebox system.
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Table 1 Discrimination results of each motion (Subject A)

M1 [ M2 | M3 | M4 | M5 | M6 | M7 | M8 | M9
DR[99.55| 100 [99.94] 100 | 100 | 100 |{99.80|99.77|97.15
SD|351| 0 |0.39 0 0 0 1.56 | 1.13 | 6.70
M10 [M11|M12 | M13 | M14 | M15 I II 111
DR [99.68| 100 [99.2499.78|99.86|99.59(99.91|99.43|99.62
SD|286| 0 |1.80 | 1.28 058 [1.08]0.18|0.88 | 0.72
SD: Standard deviation [%)]

I: Average discrimination rate of single-arm motions (M1-MS6)
II: Average discrimination rate of dual-arm motions (M7-M15)

DR: Discrimination rate [%]

III: Average discrimination rate of all motions
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Fig.7 Examples of ACC signals in a dual-arm motion (M13)
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Table 2 Relationships between the number of correct and in-
correct classification for the data belonging to the
set of dependent classes & with high entropy

Subject A|B | C|D|E/|Ave+xSD.
The number of trials ,
in dependent classes &
The number of incorrect
classification using Eq. (17)
The number of correct 46
classification using Eq. (10)

58 | 107 | 110 | 140 | 93 | 101.6+£29.8

46 [100 | 92 (106 | 83 | 85.4+23.7

100 | 83 1100 | 76 | 81.0£22.2
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BL, 2Ly baE=PFBVRITOY 5, (17) XEFHW
ISR 285k, (10) REAWTELL#NTE 2 4%

FLBH/2bD% Table 2 27" T, Rf#BI3 5 85.4 42375

709 %, (10), (11) REAVT8L.0£22.2 HITHIEL &
AcEk, ZobkE, KBERTOI B (17) XB LU (10)
REAVTELCHEUTE ARTHOEETE L L2 5,
FNEN15.747.2%, 80.2+8.3%& % h, HEKE01%T
FEEIFRON:. LLOREREMS, NEEEEHAVWV
AF v BRI EROREBHEER LB EFHTHL =
EHFBHL PR oz, 72720, ERBEERTRbTICHREE
T o LB AHEOERITIIT T B HAEL 97.01 + 3.60% & 7%
D, REBESRTUINGT LRI ICEVRETHATEET
BHIENDDS,

(2) Pk & D IhEg

J-PNN OBIEED # RIS 2 720, —fEAYIC/ S8 — 351
IZHWHNLA NN THHEB/S—t 7 FE > (Multi Layered
Perceptron, BLF, MLP &B&EE), B LU Tsuji Hick o T
REENL R-LLGMN P 2 BT, £ 15 BifE2 58, #3l
L7z M L7: MLP ZADE, IEIUVE 10, HAOBOE 12
B L L, ASBOZ=y ML 180 (3 ATC x BRHI7—
FES:30x2), BhBOz= v MUIEE 200, HOBITH
BENEEICADET 15 & Lz, AMOBEHCITEy 7=
A FEEAFRALL. FBANIEENEEEEZ AV, 82
BME® 0.01, 8% % 0.01 ¥ L72. R-LLGMN EASE 6,
WAOB 15 kY, Z20oMD/N5 A= X J-PNN ERLEL

Table 83 Average discrimination rates of MLP, R-LLGMN 12)
and J-PNN
Subject A B . C
MLP 60.68429.39 | 56.34:20.39 | 62.04+15.85
R-LLGMN | 93.906.61 | 94.33+534 | §7.97+9.13
J-PNN 99.62:£0.72 | 99.02+2.93 | 97.58:£3.82
Subject D E Average
MLP 60.12+26,97 | 60.41£26.66 | 62.035.59.
R-LLGMN | 85.96+17.68 | 88.1713.30 | 90.07%3.80
J-PNN 93.5443.92 | 97.65+3.44 | 97.49+237

Ave, = S.D. [%]

R-LLGMN[ 53~
J-PNN[3 \
0 10 20 0 300 600 900
Time [s] Time [s]

(a) Measurement time (b) Learning time

Fig. 8 ACC measurement time and learning time of each neu-
ral network for all motions

7. PC 12 Intel Core (TM) i7 (2 0 v 2 FE¥# : 3.3 GHz
A€ 13.0GB) #FEH L.

Table 3 ICEHERE ORIEROFHEMETRYT. £ho, J-
PNN 7% b #AEHDE <, MLP 2 b1EVC E2hh s,
MLP BN L2 Z L IC ko TEEREL LR Y, 1
{LEPET L Twa, 2t L, R-LLGMN 3 & U J-PNN
BEERFIGES OkEHS 2 GMM % HMM 125> THET
BHIEICLY, BAESHELZEELOND, EFEOFE
¥R F e MLP 2% 62.03 +5.59%, R-LLGMN 2%
90.07 & 3.80%, J-PNN 7% 97.49 4+ 2.37%Tdh o7=. 7,
MLP 3 & U° R-LLGMN % A\ T&H 3 Eifef o2 3B &
STE 15 BEDMAE T h o728 25, FHRIIEIT 2N
FN50.6 £17.4%, 97.01+3.60%& o7z, PRk
D, BEEExERT 2 A BEEZ EENICEE L, WHE
VERFDIERB I > THASLE D Z L THRE L WERINE
HT&aZ LeHLMIT L.

Fig. 8 ICREFEDOEBIIhHAEHE (BB F— v URICE

L7:FR, 8 X0 PNN O¥BERE) OSBBREFHERLT

W5, MLP 8 XU R-LLGMN I3RS 801E (15 8 x 1
HAT) T NCEBTHLENHLOIH L, J-PNN THEH
DEXBEOA R FETIULL Wiz, FBF— yEICES
LR EERECTE 5 2 LA D2D (Fig.8(a). FHT— 5 E
BICET 2EHIX MLP 8 X OF R-LLGMN #516.60+1.77s,
REEANT3.8840.23s ThHorz, ZIT, SEEINERE L7
BRI 3 Eheh EARENEE LTH Y, @mlix [87 (o
#) HEcHRS ], [E (y #) FRCRS ), T4k (2 8) FricRE
A1 eV 3BMEEREN L BOEBORRF— & 2 3B H
WHIZE C, 2B - S BB ERTETSH 2. £/ R
LLGMN # J-PNN B#BAIC S —IF VT b5 2 5 2#A
LTBY, POEREMO EMRER FRETE 2 0SB b 0.
512 J-PNN CHEB 3 BIEOADEBE TL VW Eh 55T
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EEEAAIBIE T TE T2 (Fig 8(b)). FEREIEL MLP
79 804.304+6.13s, R-LLGMN 2% 87.484+0.20s, J-PNN #°
118 4 0.165s Th o7z, UEOERLY, JPNN A5
ZETHEBOFHLHBEKIBICHBTE LI LERLL.
4.2 HEERTIHEER

REELIGH L ORBAEER 1T 2oz, ERTIRESE
BEEBVWTYVIAF v 2@BlL, TOBRETRY b2 ED
MesREE I WA, CHICE DREBEOBREB D ILREY
S 5. :
RE T THERBETICBITAEERREEEL, 70—
TRy 7 A (glovebox) %RV I-fEEEHIC glovebox MDIREE
e oy hvo¥a - 0% T% 5 1. glovebox
ARy 7 ARBOBESLKEZBIEL, NS EERET S
L TERLBELEYVRT LN TELEETHY, Ky
JAZEY TN u—TENTE I L THREEORE
RHERLODEELRSTR ) T ENTWRETH S, LR LI H—
T2k ) HEREOBEDRIBR S I, (EEMEIET T A8
FHo, FIT glovebox MRy bv=tal -z
HL, BREXHCTHET S 2 & THEEDHTOUETHA
3. BT, #5 L7z glovebox Hl#l > A7 & L RBRFRICO
W5,

(1) glovebox il & 2 7 A

glovebox SRR v b= (¥ v F/33)) ZRWT
ETE B, glovebox DIEEEHIHTIE, HAEMEE H 5, L
WAy 7 ANDBERBEORE R L, FIHMEBED [ER]) B
LU [eE) ek LTED B TTBL. 2L, &l
EADBIREBELRRYETZ LT, glovebox ~ilHlG+ %
BELRY 7 AROBERNEEITZ) P TEL. By
feoVal—4iE, 75 af#FRE =2 7V
FED 2 o0FE AR ERCTHETE L. Tas T AfHE
Tit, Ho52 LOEREEOBVEES AN 2 ER T HE
TuyIALTEL. L TRERB LRI, 70774
OB, REERTEIZLETTOTTALEB) DT
Yal— 7 ICETEEs, v 7IVEIEE, #BISHEI
LIy Fr7z7 40X, Y, Z#~0 [BE] 50
WChH, FLRALEBELD ) —ETL) L THELESES S
EHNTED,

(2) B1EB

glovebox (INKP-HM30, EFE/EFTHE) CORy hv=
¥ a2l —% (MELFA RV-1A, =#EBEHE) 28 L TER
%4772 o7z, Fig. 9 ICEBRIZH W/ glovebox HlfHl & 2 7 4
D= Ky 2 THERERT. BBRERBTAFEELL 21%)
&L, ACC trH 2O RAFRMHORFEREI 12
FOMY 7. BARBERENE [1: BHMICES ],
[2 ¢ MRS ) £\ 2 BfERMAA D& TRETHE
7EF S TEOWREEL L. # LT, FhEhOBEL
HHSOBR, REBIUS=Yal - OZEFR~DH
BHCEl Y M. WEBREIE (A) Xy 7 AROERTZA
ITL, (B) 7025 A% BTk ke B~ BB,

__Glovebox

L]

3 O

Control box

1]

Motion Tecorder’ Computer

Fig. 9 Hardware components of glovebox control system
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Fig.10 An example of operation for glovebox control system

(Q) == a7VlElict s ¥al—9DIy FL 72y
FNEBEOWRERIEITE D L IR LE. :
Fig. 10 L EBERO—H%RYT. BRI EPS, FHAES
Nic&e 0 38 ACCES ap(t), &L ¥ D ACCH
BNy P VOERET m(t), IR, TV P78
DEEEEELLTHE), BEMIIYYal— 5 OBYERME
FEDLTVD. WHREE T TEBTE 00 5 06HEE
(Aza—) OBIREFEERTEV, ZORRARICHEESD
OFIRFRYEL, 23sThETT 077 A5 2T
Yal—¢ 2 BEsETWh, ZOBY=a 7 VEIEIIZEY
B2, 36s, s TUESLHSARAEL TS, FHRE
Y, glovebox NOBEEFIEP O ARy bv=tal—5ONE
R O, WBEOEN LAHE T2 T b & DTHER
T&%. 37/ Table 3 56b05 LI, MLP & BwiH
A ORBIEITEL, BERIVEETH

Pl X3z, REET B CHREIEONEITR S &
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& T, glovebox Y AT L% EOVEESEF TR TS 5. Kin
XTI glovebox ¥ AT AxxG e LS, REFITZOM
DEFTEThea—<v 457 2—A 108~ Y
WEETH b,

5. TEHESHRDRE

AFILTIE, BERFI S — RBRIED & FESIE G50 S A
ENLRABEREEREE=2—F V4 v b (J-PNN) 232%
L, BUBEWEBBNICISH L7z, J-PNN TREB DD 22 Wi
EBOAKT, FNOEMAEDELZIBEEN RN TE 572
b, FEEHE - FROBRSTETH L. /2, FHBoit
BHIESCHRBELITR ) JETREIVWY 2 AT vik
MEEFTE L. EBRTE, EAOROB A2 HAGHE
& 15 8E% 9T A9%DIBE TR TE A Z L 2 fkRA L. £
TR ERIC L D, BHEMEY B CHBEREOER L
REMEER XL AR L.

SHEBEBREB LU RBEL NS¢, REEOFR
MUEERIEL T, F4, 2 b ¥—BfE Hy, B Eoos
T A =8 R LB ET A HEICOWTHRY L,
So L ABAMBEOM EEZHS.
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