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Extraction of Emotional Body Expression Types in Fabrication
Based on Laban Movement Analysis and Sensitivity Analysis

Saizo Aoyagi *!, Yoichi Yamazaki *2, Yuki Ono *3, Michiya Yamamoto *3 and Noriko Nagata *3

Abstract — The authors have been working on the estimation of emotions from body
movements in personal fabrication tasks. Body movements express emotions, and these
expressions vary among individuals. This is one of reasons why emotion estimation with
body movements is difficult. Here, the authors assume that there are emotion expres-
sion types, and people of each type share emotion expression somewhat. In this study,
the authors propose a novel extraction method of emotional body expression types by
body movements. We propose a method to classify expression types only by body move-
ments, which is based on the concept of sensitivity analysis. In addition, we perform an
experiment to measure body movements and emotions in fabrication task and analyze ex-
tract expression types. Finally, we evaluate accuracy of estimation considering emotional
expression types to evaluate the method. The accuracy of estimations was on average
67.98%, which was approximately 17% higher than the estimation without considering

expression types.
estimation.
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The results suggest that the proposed method is useful for emotion
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Fig.1 Feature values for Laban movement
analysis.
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Fig.3 Examples of emotional body expres-
sions.

BEDBKE: B

B =

1: 8%

230 (| ]
g 50| | | 1l
B oER i |
4 SRR I
® cam 1 N [ |

el Ll

8RR I

0 10 20
TR DRRIBEFR (53]

4 ST — X DM
Fig.4 Examples of measured emotion data.
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MBEELTI, 2471 -3 TRARDPEAIZHD
BEDRTAIZHBD, R4 T2 TIIEESHEMIIHD
R TAIZH B, Z DU B W TIIEE DI DR1HE
PN TWEDT, HEMBISHET LR ILD 5
B, FHEZIFEWZLTVWEHDE LT EED,
ZDRBIZDVWTIFRIIER TRV RS Z 2127 5.
6. BARBERIEDEY A TR
BETFHFIZE > T X N B REIERB DR X 1
TIZED LD IREBENHDH D0 %, TN VEEHEIZDOW
THRREHIZ L7z, £3, ESs, ESw, ESt ® 3 &
BIZDOWT, XA THRMNE, % ES 2itEEfy
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%2 KBRATOT 2P OEBEOEEG L D
JERT
Table 2 Emotion distribution and order of
each expresion types.

g, T1*  #& %) T2 #& %) T3*  EE (%)
1 Zrh 50.58% Evh 36.84% Evh 40.5%
2 BIE 13.68% EU 19.26% =U 20.7%

3 T 9.57% BJE 14.10% AR 14.6%

4 =20 9.30% BE 1069% BE  12.3%

5 e 6.60% il 7.02% e 71%

6 i 6.24% Wi 6.53% i 4.1%

7 BEx 4.03% AR 5.56% B 0.7%
8 R& 0.0% RS 0.00% RE 0.0%

*

T1: X4 71, T2: X1 72, T3: XA 7 3

U7z — il E i M 241 - 7=

ZDKEE, £TOESIZDWTHEX (p<0.01)
HBIEEMERLUIZ. DFED, XA TBIZETDES
WEILBMEAD D > 7=,

RIZ, B2 A4 THNT, ZTNEFNDESHEIZED & 5 A%
NH B0 %NS 728, Tukey-Kramer D HSD #riE [19)
EHWCEZHENEZITo72. TOMRY, ESspace
ESweights ESTime D4, EFD 65 %EHIXE, K&
O ETFD 95 %fEfX Mz M 8~10 1IZRT. &b, Z
NOHTREETOMEZIEEMLTHS.

812 U7z Space D ES IZ2DWTIX, A4 710
BbAREL, &4 72(p<0.01), 241 7 3(p<0.05) &
DERIZKENoT-. 9 12/ U 7z Weight @ ES 12
DWTIEXA TIVERBKREL, £FHXAT 19X A
7 2(p<0.01), X4 7 3(p<0.01) KD HRIZ/NE o
7z, £72, M 10 2R U7z Time D ES IZ2WTIE &1
7201 T 1(p<0.05), X1 7 3(p<0.01) KL EE
IZRED o7~

ORI, REXA TTENFNDES IZ2WT
RN AERRBENDRASND Z Dy o7z, O F
0, REMZHFVEND VT — X EEIFIZH T
DTIERL, T—RIZHNET 2 EREfHTEZLE
ZoNb.

7. RUBHEEEE L REFEAOTM

7.1 FHMEAE

AT, BIFFIRIC L 0 U 72 BRI REL X
A TEIIERR U 72 TV & B HEE %2, A
FHELUEZETN, &2F—XEHVWEETL, TLT,
BT —ADNOERA TR UBEDANBIZRD XS
T URMIBMEREALE IV —THIZFEU-ET
T X BHEE L RS 5 2 & T, IRETEZHMGT 5.
BAEHEE D=, Flilidd 0 FEIZL D SVM(YH— b
RY RB—=2 =) & W858 2 M U R
ETNE L. ZOBR10-REMGEEZ AWz, SVM
BB ANZTFTZFHLT2 27 5 2ADNZ— ikl
ERRTEFIETH LD, h—3VEBEEATSZ

(7)

1ZH#{ELTZES *: p < 0.01, * p < 0.05
3

IS=s

5

s Py
0 y .
] .
——
1 \./

8 Space D ES D04
Fig.8 Emotion expression sensitivities distri-
bution of Space.

1Z#{LLT=ES ®k: p < 0.01
3

sk

2
B4

9 Weight ® ES O34
Fig.9 Emotion expression sensitivities distri-
bution of Weight.

1Z#{LLT-ES sk p < 0.01, *: p < 0.05
3

Hk

2 .

°
1 []

L =
= =

H5147

N

10 Time ® ES O 44
Fig.10 Emotion expression sensitivities dis-
tribution of Time.

ORI FEICHET 2 Z el TE 5 PO, X
SIZHEI Y 7 ADFHNHERES 5 Z LA TE, HHD
SEMEC VST WS R, 3R #IsEY 7 b
RIZBWT, SVM D3y r— kernlab & e1071 % f
WTHEEE L 72, kernlab &7 — 3 I)VEIZEED\WT SVM
TIVIV AL ERHAT 220Dy r—YT, SVM
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3 HABOETIVIC &S EEHTHE (Ac-
curacy)
Table 3 Emotion estimation accuracy of in-
dividual’s models.

SMEHES  Accuracy[%] C v T —XEE]
1-1 91.79 25.1 2.1 378
1-2 79.66 3.98 251 482
2-1 87.95 39.8 2.51 805
2-2 72.69 63.1 3.98 802
3-1 76.91 10 2.51 654
3-2 71.03 2.51 6.31 580
4-1 72.58 3.98 6.31 744
4-2 71.24 25.1 6.31 633
5-1 86.23 39.8 1 603
5-2 84.35 25.1 3.98 933
6-1 76.02 10 10 855
6-2 93.24 3.98 1.58 444
7-1 88.73 2,51 3.98 213
7-2 74.1 1.58 3.98 529
8-1 79.38 10 2.51 655
8-2 83.53 100 6.31 759
9-1 77.64 100 1 653
9-2 88.29 2.51 3.98 299
10-1 96.31 3.98 1 869
10-2 76.19 251 158 542

D 71— IVEIEUE, RBF 77— %)V (Gaussian 77— %
W) X7 ZHWT, A—RIVEBDNRIA—X o i
RODT 74 ~zEHNE.

K(z,y) = exp(—olz — y|*) (17)

el07T1 IFFRIRHZ R AMGEZ B IATD e DTE S/ Y
T—=UTH5B. RBF h—x)VE AW, Boii7/NT A —
2 (C, gamma) 227 v N —FTHRL, HER
EEWM U, 22T, O3 EHE LOREHAT S
IWERET BT A—=RT, gamma l$EEFARZ D
FREEMIC T 202 IET H/8T7 A —KT, ZhEH
BIDILTEOVEVWAEREZES Z LA REICA
5. BRETEHT—RIE, FZiTmieB e AEkICERK

HD® Dz MWz, mMmEE eI, 5BRETHEL &
JEIE DIR S DAEDS, FERSMEHOFIIEL ETH -
IETH 5.

7.2 RUBHEERR

9, ERTHONZHEREELRIEO T — X
EHWTENGICHEN SR ZERL, BEE2H#EL
7. HEOKEREE 3, 41TRT. TOKE, Accu-
racy (2B W THRK 96.31%, &/ 71.03% T, ¥
81.40%(SD=7.64), FHIZHB W\ THK 98.48%, &/
78.07%, ¥4 92.85%(SD=4.76) THET 5 Z LW T
7.

Wi, HRBEER R A TITEIL F— 2 0pEIz
LML TV R LI EN L BHEE R IS 5720,
ZMEZEDOEEREELBEOT— 22y M5,
T VA LT 4044 8% 3y ML, T—X &y M
R HEE B TV AR AMERL L TR 2 HEE L7z, ik

(8)
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# 4 BABEOETNIC&ZEEHEHE (F
fi,Precision,Recall)
Table 4 F-measure, Precision, and Recall
of emotion estimation of indivisuals’

models.

&% F1E (%] Precision|%] Recall[%)
1-1 97.98 97.93 98.04
1-2 91.59 65.20 92.09
2-1 95.97 95.82 96.14
2-2 96.50 96.74 96.38
3-1 93.19 93.26 93.25
3-2 91.52 88.93 94.82
4-1 90.48 89.13 92.39
4-2 97.38 97.62 97.18
5-1 89.56 87.51 91.98
5-2 97.55 97.65 97.46
6-1 98.40 98.14 98.67
6-2 94.50 96.09 93.40
7-1 92.56 91.70 93.79
7-2 86.76 84.38 90.18
8-1 89.77 86.14 94.26
8-2 98.48 98.07 98.93
9-1 91.33 93.60 89.82
9-2 90.60 88.27 95.41
10-1 78.07 62.10 93.81
10-2 94.77 95.82 94.13

x5 TURLT—REY MEDETMIZ L B&
TR (Accuracy)
Table 5 Emotion estimation accuracy of ran-
dom data sets’ models.

FVRLIHE LU Accuracy T — 2
Fe sty b % C o~ 1]

vy b1 51.06 1.58 15.8 4044

v k2 52.00 1.58 10.00 4044

v b3 50.02 10  6.31 4044

K6 TVRLT—REy MEOET ML DR
15 HEEHREFE (F f#, Precision, Recall)
Table 6 Emotion estimation accuracy of ran-

dom data sets’ models.

Z N NS

TRty b F fE [%] Precision|%] Recall|%]
vy b1 70.58 65.50 78.70
v k2 72.53 67.39 80.78
vy b3 79.90 77.33 83.16

% 2 A T T ORRIGHEE OFER & 7 — X 8% W72 R
DIEDT 725 A CTHERZ KT 5720, HFL-&
RATDT—RBOFYITH 5 4044 Z L U7,
HWEDKERZE D5, 6127R7. 3 DD Accuracy 1ZF¥3
51.03%(SD=0.81), F O F¥1E 74.33%(SD=4.01)
Tholz. ZOWENS, 3 D2DEEENEIMENE
DET ML BFERITIATERNME E 8o 72

W, BEFHEZL OB UG REERBI X1 7
IR Uz ET T L B HEEDRERZR T, 8ITRT.
BAREIERBLZ A 7L 67.98%(SD=17.34) ®
Accuracy, ¥ 79.33%(SD=2.86) O F A THE T 5
ZEMWTET.
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RT RATHDET IV KB BIEHE (Accu-
racy)
Table 7 Emotion estimation accuracy of ex-
pression type’s models.

Accuracy T — X
2147 [%] C ol (1]
1 77.28 3.98 6.31 2258
2 59.34 1 251 8376
3 67.31 251 6.31 2499

£ 8 XA THWDETIVIC L BBEHE (F 1H,
Precision, Recall)
Table 8 Emotion estimation accuracy of ex-
pression type’s models.

247 F A [%] Precision[%] Recall[%)]
1 83.19 80.48 87.68
2 76.19 71.94 82.30
3 79.44 74.82 87.13

£ 9 KRETIORBNEHETEH R
Table 9 Emotion estimation results of each
model

ET)N

PN
2T —R
A N
R A T*

5

N
BT —R
PAVZ- VN,
R A T+
I (T

F il [%)]
92.85  (4.76)
80.36
74.33  (4.01)
79.61  (2.86)
Precision|%)]
90.20  (9.84)
76.67
70.07
75.75
W)

Accuracy[%]
8140  (7.64
58.90 (1.58
51.03 (0.81
67.98 (7.34
Recall[%)]
94.61 (2.58)
85.23
80.88
85.70

NN AN N2

(5.19)
(3.55)

(1.82)
(2.42)

BRIZEROKRD =D, HNE, TV ELT—&
v b, XA THORET IV OBIGEHCHEREDOE L,
AANZXHETE2T -2 2AVWTEE LZET VR
EREREZFLDOT, RIWCRT. 2T —XE2HV5
&, 58.90% @ Accuracy, 80.36% O F{HETH#ETE
7. 72720, ZHIESMED XA THHEHANIHH S D4
BEDETH 5.

8. ER

JEIE T DB I D & BARBIERIL X 1 7 % i
U, 2hzEEZERLU CTREZH#E LU 72FR, ¥ 67.98%
D Accuracy THERET HZ BN TEZ. 2, 7V
RLT =Ry FOFERERLTIT% RESL, &
T—RERAVWEHELHEARTE 11% BESV. 72
FEHOIZL B RATMEDHAEDETIVIC X BE5E B
b 10% BEEW. ORI ERBERTE X 1
TEEZERTHILDO—EDFAMEZRL TV EHE X
6%5 F7z, BREIET — X DAE AT HHREL
FHIZ L B2SE DO, BIEHEED Accuracy A
J:C’&"i“) 7= Z BRI TH S, £/, FHE
IZOWTIXZA THOETIVDFEED 79.61%TH Y,
INEFET—XDETILD 80.36% & b 0T MK

(9)

W, T=XDREFEE WS BENTHIRE RS T VA
LT —=ZDETND 74.33% & 01X 5%FEE E o 7=,
=720, 20U, HRNCBINE OB REIE R X 1
THRHSNTHBIEOMERTHS. ZhzdL, &<
Hl T — RO AN DJRE & HEE T 5121%, EIE%H#E
T DR, BRBIEERE R A TORENBEIZRS.
ZDEE, X4 T 100% D Accuracy THETE 5
ZrIFEZIZ WD, ThEaZEETL 2K LT
DIEIEHERE D Accuracy Lt L W EWEEZ H5N5.
ZNEARIRFEDORATH D, ZDOXA THEOHEER
JEDRBIZ DWW TIXSHOBEE T 5.

X512, EFLD Accuracy DFERIE, X4 THETE DK
JERENRL THas, MABDETIVIC K LI

ED Accuracy DI 80.40% & 0 ik, 13% AR,
DED, XA TEEZRUFERIE, TV XL ENEE
DOENZAIET BFERTH 72, FIEIZOWTERABET
Hotz. TOERIL, BEFHEIZL > THHELUZEHA
BAERILZ A TH, FEROSINE ZEADFE O N
DEHRDTARTEIN=LENTVWRNWT &2 ZIRT
5. ZOFRRD—D2 L UTREFEIL T N VRHEED
WEEDEDEWRDODATEHTEEDTH72Z & BEX
5ND. ZHIXTL, EESE, T-RIZEENLHMM

DIFREIGEH U7 21 THIHIZ & - T, BfizHiE
WBEE2ZA ETELWREEND B, iz, JTRARX—45
WCHET 2277 AR —HE2EPLLOMMAL X1 T
ERTBEVIWBREEFEZISNDD, T TH
SNEZIMENBBERTHELDHLLEEZOND.

7z, 5. HEIZBWTIE, BESNHOEZEZHLZED
AN BREIERE R A THIE O LT, %21
T DB DI 72 JBNE D AR ED RN & U THE
Tea MDD, MAHICERREND 572, ZOEMN
HeEDHEIZHE LML EETERY. TH %
H, BEANOEZi%#AT 5 LTaxa TR
BIEDNEIZE—TH 5 L IKE L 7H, EBRIZIEX A
THORPMEROE N D B AT H 5. RHIRE
BHE DR WEIBIZ B W TRE S ORI Nz Z &
M, MABEOETF VIV EBEMETLZ—NTH 3
LHEERING., T L TIE, HRRBIEREZH
BT 2 WS 52 FEL T, FEERIFIZ &E A D D
BAEDF I LD IZHEIT 5 L W RENREZ S
Nnbd.

F72, RO EETH D, GEREEDADS
D RRIGHEE & RIS 9 2 BARBAFE (2 A T, SR
WERIX A T2l 2 FEZ T Cld+HaTidig,
B BN RE DN THRENED AD 5 GIRBAERIL X
1 7T 2EMOBIRE B ETH D, HIHIFIED
BAWREZEZ e LT, JNREDIHEOERT — X
NoBFSNES &, £X 1 TD% ES D04
FEL, BIEWEAT TTHEETELNEEZS
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