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Abstract: The objective of this paper is to distinguish opening a door by the key from opening it by picking.
In terms of security of a house, windows can be monitored by small sensors since no one goes through win-
dows in usual. On the other hand, doors cannot be monitored by the sensors since not only thieves but also
residents go through the doors. CCTV (closed-circuit television) camera is one of the solutions. However,
invasion can be detected not during but after the invasion, or the movie by the camera must be always
watched by a person. Therefore, in this paper, we propose the system which automatically detects invasion
by Kinect. Of course, there are some researches in which Kinect is used to distinguish human actions, and
big actions such as breaking doors can be detected with methods in the researches. In contrast, we put the
stress on to distinguish a small difference such as difference between opening a door by the key and opening
it by picking. We used machine learning in this paper. If big data of opening a door can be collected,
the small difference would be able to be distinguished by usual way of machine learning. However, time
for training and memory space on computers are not ignorable. Therefore, in this paper, we searched for
methods which enable effective training with few examinees. Specifically, unifying the physiques and action
cycles of examinees and creating pseudo samples. Using Kinect also protects the privacy of people in the
movie since only coordinates of joints of people are stored. The average of F-measure of detecting picking
by CNN with generated samples by linear interpolation was 57%, but the highest mark of an examinee was
94%. Tt shows that examinees with similar behavior may increase the percentage.
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Dehbandi 513, Kinect & #5282 T, BXkio
EEL LEED LNV EHET 57200FHE2RELT
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Table 1 Comparative list of action detection in related

researches.

e Wl - HEET B DD TAroHK
Pang 5 Ny FELFyy D FERE IS AT g
Hortuchi & Ty T Ho 05 Wik | BRI RE 2 B)

DEE PR B
HE S AT LTV BMTENIZIES
HE S MR & N7 A A Fl 7 T NI AS T e
35 5 N D58 FLO FEFE IS AH]
5 BATHH O N HHED A D 72O A B
Dehbandi & | FEEOD L)Y T N DFER I AT

B 1 Kinect TS L7:¥ v ¥ » 7 WD RGB Mif% & 55
Fig. 1 RGB and joints images by Kinect on picking.

D, R MRARIE 100%, BREEREE L 83.3%, HEEREE L
91.7%, FHTIZ 9L TR TREEZ#HINTEEL LT, L
7L, Dehbandi & @ FFAliTIXFNREE 7 A b DB B A5[H]
—NThy, TAOHEICHEHAT LG, EvX o7k
ITIRFEEARNOITE 2 FEHTHZ LR, KL LT
H Y1370,

D EoREMfIE L, #EATE Yy XU 7 ERRXGIT S L
FFEADOHMEDRBEAER 1 ICE LD 5.
3. EBEFE
3.1 REBE

KL TlE, Kinect EEWFHEH WYy ¥ 7L
B2 XA 2FE2HH. Evxrorbld, e ln
TEAHOWT R T 2T A2 L TH Y, RIFFEDHEERIC
BT, BIROLOEERITH->TLETTAE/EL LT
BY, GFTHRROSDeRLETEE ETIZE»T.
—J, BT L, ELVET SIS LIAREE N 8)
fEELTBY, AFCHRICEY ANTEORMZIT) .
WFNOBEICBWTY, ERE T/ 7I0HE2TEL.
A TR 2NEZEETRY. B 1, EvFr
J WD RGB W% & BHEFERE % ICES Lg%, K
WSO & 7 UAZE 22 5 Kinect TR L72bDTH 5.
FAk, B2 1%, #ETEOLDOTHS.

Yo F 0 I x24T ) EEERICRK AN TR WA, Rif5e

© 2020 Information Processing Society of Japan

2 Kinect THUR L7287 O RGB M4 & &R
Fig. 2 RGB and joints images by Kinect on unlocking with
key.

3 AEEEEOMIE & 7k

Fig. 3 Positions and names of all joints *!.

LBV TRAFBOKOA LR, HHRE DK%
V. 2EL, BEBRICBOTYE Y 2 7 %479 HOH)
RHFNCEO TS 2 L IRETH 5720, 7
A MY 2858 L3 A Tl 217> T 5.

B, Btz mo L2 ThdnE, F7zy—ay s
ZL72Y, SRR — Feflio 2B F I REICT L)
FHEOENTH BH, RFFEOHINIE, KESNDREARIZ
INEWATHIETHAS.

3.2 BREZEDT—%

Kinect D A7 )V b ¥ b T v & ¥ 72 & o THEHEEZ
9 5%, Af%e TS Kinect v2 13 AKZR 3 12RT
25 HOBHEHEE LTERLTBY, 1 D0MEY X, Y, Z
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Y, ZEOREREE S <X DIZLTERLL, SHIZZFR
% 25 M D FIEIEIED 55720 H < XYY 12 LT 1ATICH
FLTWD, CAZE1 7L —L LR, 1 7L —L4% 402

*1 https://adinora.com/2018/03/14/die-liebe-der-tod-und-die-
zeit-danach/
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AWFGETIE, V¥ TVEDB D Rwizn, EEIcy > 7
VAR T 2012, #RET— ¥ %I LT — 7 48K
#419. T, 2BOWBREOR L 7 L — 4, [FLEHEE
EOMOTHEE & 5. RIZ, WHERE OFEEZEDE)
LIOFHMEEDIE, 2 TEH L., ZOEE WS OFHE
FEEEDEIC R L72b D, BLOEIZERD 72 EOE %
B2 BAEIERE DY TV & LTEINT .

3.5 fTEIREEZ—HILE/-0NDT L — LOEHHERE
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FIT, WHRIC LD 7L — A ORI 2 gL,
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AL, 07V =20 IUNHBLELT, IhE 4l 7
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ABZF A - LT A, BIEMBLT3T 7L —2A4
120720 THIIE, 38~40 7L —LIE1~3 7L —2D
a¥—tikb.

3.6 BIREEZEDIZA K
RFEEOVAT L2 EBIFHT 2856, EvF %
I RFEHEEGOITE 2L THOBICFIHT 52 L13T
X, K SCOFEIZB VTS, RIS 2 0%85E
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Fig. 4 CNN network structure.

OO RDIZ. FD%, £7 L —LDOTLOfE L ST
ERDIATA FERDODOBEE L, HAF L7,
%B, WEHE 1~10 25RO 7-HIZ, BiERE 1~20 (2@ H
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BIUOYR—bRZ ¥ =< (SVM) 12X V) EHi 2475 .
72720, BERLFHEICHEHT2HDIECNNTHY, SVM
13 ONN DD ZAL 2 R T A OAFH L T 5.

CNN IZBWTIE, 1 RIGOBEAAARELTH. DA v b
7 — 7 OEEE, B4 1RT L9112, BARAAE, ReLU
@, 7=y, BAARE, ReLUR, 7—1) v 7k,
SRt AR, ReLURE, &Gk, ReLlURE, V7 hxv s
AR E L7z, 19y TN v~ KXY ) OBl 40 47 CTHE
BENTWATDA)2=y VMRiF1THY, /v 7 b
w7 ARBICkoTHhE sy VU, ¥y x oy
PEEFIT D 2 MG EITIDT2 THDH, Dk & |2ff
AT 53y F49 4 2133205 1,024 FTOMHEDOHT2 % n
FelLMFE/21E 1,800 0fHE L, =Ky 7 50 2*5 50
FTOWMEETVE, FHEA90%EBA 72D DOH 5@
L. K SCOFHIIC BT, FHiFFEERIC T F fiids 90%LL
ETHY, »pOFEREDEI/NS IRy ZEENY T
P A ZOAEREEINL TV D,

FHOBICIE, 10 FEIZEEMRIEE IV TWwa . ZhiC
B L Cid, 47Ehalkil & (ZRIR DS, BTS2 Vv 7-5F
&4T 9 5E12, IHYy > 7V EF A MHY Y FLDk
REFALL72L 25, NSO [11] B L OIIF S Off
72 [12], 18] T 9 FZFNBRIC 1 EE T A MIZHH L TW
722 Enn, INLIZEDLYET.

SVM OikiE, AJE, n—2 V@, Miige35. &%
BRI Pz i 5.

% 3B, CNN B L U SVM DOFHMil2 B\ Tid, precision
(P) & recall (R) & FAE%5RT. FMHEIZ2xPxR/(R+P)
TKRE AP, KL OFHIEC/RIMEIE, #BIT % class 0,
Yoy 7% class 1 E58ETLEOP, R, FIED2 7 5
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AE¥THE., LoT, 2L 21E, PA0.76 TR H0.52
DY, FAEA 038 L4 b LRI Gbawvi HI2E)
b LN, class 04SP 1.00, R :0.04, F i 0.08
T, class 1 2P : 0.51, R:1.00, F1ffi:0.68 THiL, *F
Y CIERTROfE L %2 5.

4. FEi

41 XJIVbbTvxT

3.2 B Tk R7z Kinect v2 ICE A AT VN FT o F 07
DEFIIRDOEBY TH 5. OS 1E Windows 8.1, IDE (&
Visual Studio 2015, 77 v M 7 4 — 4% x64, OpenCV O
N=23 213310, 70773V TEiEE C++ e v
Kinect v2 D7 — ZJURIZBITA AV v FOHNER 5 |2
R

5 1Z27k9 X 912, Sensor, Source, Reader, Frame,
Data Z EIZHUG L TW BN S 5 [14]. #5812 Sensor
T, Kinect #3972 ® Sensor 1 ¥ 7 = — A% %EFK L,
Sensor % HUf% L, Sensor %l {. KIZ Source T, Color 7
L—2®D729d Source f ¥ ¥ 7 = —A%EFL, TDH%
Sensor * 5 Source Z % $ 4. & 512 Reader T, Color
TL—2D7zD Reader £ ¥ ¥ 7 = — A% EFE L, Source
7»5 Reader # B {. Frame & Data TiZ, Color E{£D
AR, T—=5H A4 XDF%ER L, Color M%) 72012
Open CV O 17. F72, Color B % EUST 4720
® Frame { ¥ 7 = — A% %3 L, Reader 7*5 Frame %
4% L, Frame 2°5 Color {2 B34 5. 2L T, 774
VICENE 2SS, OB 7 7 A OVIZHEERE A Kinect
NI E o TV 2922 T 57200 b DTH L. Color
W% TR BI2ETH A APKECDT, 4 XEL512
L, #f%\Z Frame % il L 7.

RIZ, WEHREOBRERLELZIET S, £9, Body D7z
OO Frame { ¥ % 7 = — A% %3 L, Reader 2*5 Frame
59 5. % LT Frame 2°5 Body 59 5% Z &I
L0, BERE DS BRRIER A IS LT (. Kinect v2 T
(&, [ 6 NE TEHBERZISTREZ O T, BETT
Lo TENENDTF AT 7 A4 VICHEFEEZ Sk 3
5E912LTCwAh,. ZLT, 32Tl 14 FIVE
MTT77ANMIHIIL, REDHEHREDOY > TIVIERE 5
T AV END L HIT L7z, 7L — AT L DFRKIE
BORAHHMEIE 0.025 L L, 1 Tk 2 BT —
YT SN CTwAb, ZiUd, Kinect v2 ORE L, H1%
JEREDEDSEHH SN THALIIRESINIFNDIY A IV T %
EZELTHRELZODTH L. 1T TLDT 74N A

Sensor Source Reader Frame Data

5 Kinect v2 |Z81F 27— 7 IFOmN
Fig. 5 Flow of data acquisition by Kinect v2.
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A3 26KB 225 28KB TH 5.

4.2 REFEDOERE

RETLEOFEZEZRKITIRTERETITo72. 0S 1d Win-
dows 8.1, IDE (X NetBeans 8.0.1, Y177 3 v /7 5i&ld
Java TH 5.

W, 3.3 i Tk R7ERIERET — & OELOFEEIC
DVWTIRRS, F9, 1 7V GOMETH 5 3,000 HOE
FEVERE 2 KA 9 B BCHI &2 A ) & o 2 fFCrEge L7z,
72, 1 TVGOITRERNT 2700 gL
72, FO®%, TXANT—F EEtIAR, B IXYY O
R L, $4725 1 DORHNHEM S D &9 I E %
A L7

K512, WEREDOHEN 170em (2% 5 X ) 1K/ L
7z, ZOWNRFEINTIE, HEAD &, FOOT RIGHT 3 & O°
FOOT LEFT WO %KD, ZNA3170cm 1275 L9
IREDETE > TWaE. ZOfEZ 1T 2 HOEFNIZATC
AL, 7FAL77AN0ELTHD L. WBRE1 47
DOF—#1T100x 438 TH b0, HBEZLIZT 7
ANE % ARZETE LS5 IN%E 100 [ KL TW5D,

COTF =y EEEE T BARNICEHMT 5 &, WRIST
RIGHT, HAND RIGHT, WRIST LEFT, HAND LEFT,
THUMB RIGHT, HAND TIP RIGHT, THUMB LEFT
HAND TIP LEFT, ANKLE RIGHT, FOOT RIGHT
ANKLE LEFT, FOOT LEFT OJEE# [E%E L TWh. &
OFAXICHEL T, FREZOH A XOMIZIZLT L
DM WO AR ERETIXEE L7-. ELBOW RIGHT
& ELBOW LEFT (2B L Tl&, HAND RIGHT & HAND
LEFT OEEHE ML, £LAHE FOOT RIGHT
& FOOT LEFT O & K2 LT, $EFIM0 Y MR
DAREER L. TOT—¥EREITo%D 1 T
DT 7ANYA XL 2TKB 205 29KB & 7% - 7.

3.4 TR 7z, WEEE T -5 2 LT — 7 B o
EEIZOVTORINNOEMB LT FA LT 714V D
LERIZEE LTI, BRIEE T — & OO L FEETH
b, COMBEATS 4R, 1TV T7 7 4 VA4 X
1 30KB 205 32KB & 7 o 7=,

3.5 EiCik 7z, fTEIEHEY S EL-00 T L -4
DA DEEIZOWTHIT 5. BHINOEM B L O
FEANT T ANVOMBIZE LTI, FHREET — & 0k
KD FEELFEETH L.

3.6 Hi Tk 7z, BHIEED AT A FOEEIZODWTD
FEHI ORI B LT F A 7 7 4 VOHIZE L T,
FIEERE T — 5 OBROEE LA TH 5.

4.3 BEWFTOELE
4.3.1 CNN OFE*

3.7 HiTihR72 CNN OFEHEIZOWTHHT L. BEhiA

490



BERAIEF =R EE Vol.61 No.2 486-499 (Feb. 2020)

#1213 chainer.links @ ConvolutionND % w7z, 1 EH
DEHRAKRBTIE, AF v RVIEH Y TVGHROTI,
WHF v 2VE 13 TG0 TH A 40, 74 V5
4213, AVIA4F%3, Ny FE1&L7 2BEI
ReLuB T 5. 3BHIIFHT—) v B THY, 7—)
YITHAXE 2L LI, ABBHOBRARARETIEIAF ¥
PV 40, WHF ¥ ANV E 20, 74NV A X% 3, A b
FA R%EZ1, Xy Fe1eL7 5EHIZRLuETHA%.
6f@HIIFHT—) e Thl), TV T4 X% 2
Ll TRBEaKARETHY, A=y MK360 &

LT, Wha=y b gE 1Y 0 VG oREDfEKTH S
1,000 £ L7:. 8@HIZ ReLu /@ TH» 5. 9@ HII LA
Bchy, A=y b1,000 & LTHI2=y Mg%
1,000 & L7z, 10 HIEReLul@CtdH 4. 11BHIZV 7 b
<~y 7 ARBTHY, A=y MEAT1,000 TH Y, 21K
SEET)OTHE =y MUI2TH 5.

KRIZ, BV TVPGHET LT 4L M) RIEEL,
IHhBETFANVD) A MNGENIRT A, 612, 7A D
Y T EED 1EE 2D X IEIRL, 201 A
MaENGT A, £ LT, Y 2ilHY o 7L E LT,
FO)ANLERISRT H. FDk, FNEFRLOY T ILD
7= % % float T 32 €y b OEHNIIHEMNT L. ThEh
DOF TN D) A ML int B 32 ¥y b OERFIHEH
T5. ZLT, FNEFROY IO F— ¥ BHIORTE
Z, Ix40X 75 D 3RTICEERT L. 612, 7T—F kv
MEVER L, 7= ZEFICIY 9. £72, epoch &,
FEH L IFT X MFEDOFRERIEL precision ¥ FI/R L,
BOWRBIFNENDT 4 L7 b D precision, recall, F
HzFRT 5.

FTRCOWEE DY~ 7V &I T 55021, 10
FEIRERED 72012, Ky TVICFEFERDY, Z0F
FEI0TE -0k 5T, ZOREMIIHHT S
TAMNHY TV EXFH LTS, —F, TANHAY 7
W1 BOWEREDT— 5 L, 5RY OBERED T —
§ &Y > TV ET AEEITE, BB L ANER
TT AN T IVEXBILTWD,

4.3.2 SVM NDE#

3.7 Hi Tk R7z SVM OFEHEIZOWTHTT S, SVM D
EFEIZIT sklearn Z FHHWTHEB D, LinearSVC #ffH L Tw
B, NFA—FRFITRTF 74V METH S, LT, #
JE SVM 25K EERFA ISV ST 5.,

WS, & TP T LT ALY MY ERIEEL,
FINLETTANDY A MLEIIET A, KIZ, TA R
AT TIUVPHEHRH 1~10 D) B 1 A& b L) ITER
L, 2OV ANLERST S, 2L C, #ERE 11~20 O
P TN RCEINFEAT > TV E LGREIRL, 201 A
MaER TG T 5.

ENFNDOY 2 TNVDT—% % float WD 32 ¥ v FDEL
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FNIHERI L, ZNEFNDF Y TIVDY A %% int Bl 32
Cy M OEHNIAEIT . RIZ, I SVM D5 II/N
FGRA=FHRE 250, $RTCF7+ NV MioFF & L7
RIS, EvF 7 ERHTICBIAZENENDOT 4 LY
V) @ precision, recall, F % 3/R L 7.

5. FHMBEFE

5.1 K7 &#HEREDMERR

WEREAE v X0 Z BT ETOBIC, AlicEn X
IAFoTh IV EICLTLEY &, Wmaple LT
AR EEFOFEEZFEICLY), NERBIKRECHRE R
5ZLbTE, ELCEHlCE RV, 22T, @A EAT
BRI, HIKATH L LI 500, RO LD EIE
RRTEPPELOEHEERRAL 2. s 2 2EHEITHE
L7, RERDEES22LGHITH OV RELZ D
BiichbrI Ly, DFRITETHCIRICMEAZELD S D
TRV EZZZOTHL, LT T, Lot
HEH72D, BPHLIGEIChPE L) LEEEZTH. F
7o, BEEREHICL ) ROY A XL R B0, AR & il
ENTVDPPLPINLORELY —~FKZ T WEITH
L. ZFIT, REIFETIE, BT 24T HERE 1205 10 D
10 ZICH LT, RAD RS BRICERT 217 BOED
FElRE F7 g L OBEOBREAIE L, 0T
R N O FT 2HEET S L SOV BALE L L.
R2UIFNT7TEHBEONEMBREZRY. TOREDPL,
WiERH 10 %12 BT 2 20 ORI SMEOFEIEH 14em &
%), FT72500 L OHHEOFIEH 56 cm &7k o 7.
& 2T, Kinect ZH L7zAW 7R DR SEENIZ BT,
TRTCOWERHZ % NS OBMEOME ICELE L7z,

5.2 BIREEZET — 2 DHEEERIE

S FEER I BT, BEREDSHIE L CTY v ¥ v R
BT OEMEZR 4T > T A BRI, il L CTHEMOY Y 7LV %
BUSELTWA, RFEEIZBWVWTIE, Kinect ZH\W7271 7

® 2 N7 EHEREOMERR

Table 2 Positions of examinees against door.

Wy | L OBENE [cm] | N7 LA L Ol [om]
B 1 14 55
BelR 2 19 51
PR 3 17 65
Wi 4 7 56
BeERH 5 15 48
WERH 6 16 61
BB T 12 60
WeERE 8 12 52
el 9 12 55
BeERE 10 15 59
Sy 14 56
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FTUREFEGTLE, T TINESEIET A TV
AN TAHEEHSEREND DT, Bili% A & Kinect A5H)
TEL, BEEESTUG S IRD 5. ZOK, FREEEENTE
BMENTVLRWIEEND B EERIZKEDN D 4720, #ER
3% Kinect 12T TH S ¥ v F o 7R O BE
BB L)Lz, D, F— Y RUREZOY T
EEF I WS, B EERE ASHUS & LR TH 58 5 B
DY TN LEMICHEH L TWD. ZhuE, sHdhid,
WEREAEOIZ) ICMEEY, eI fETE v ¥~
TR OBER T VIO B DI TH L. =
T, B IVORURRIEIE 2, 1YY TG ORIRC
PEEIZ 1R TH D, Fhae 5T 2 TRIFETIE, 1
[d 720 OB T V% 25 & L, 1% 2[4V 50
T TNGDOT = ERR L. L72d5 5 T, Kinect 12X
L EREERET — 5 ONAFREE 27 L L, o247
IVIZEEI I E 3, LD 25 ¥ > 770 % G4l 12 ff
HLTW5.

5.3 WRET—2ETICLEEBNE T —2ERAE
34 M TRLIEBRE T — % 2012 L7 — 7 R T
DEARN  FHEICOWTHBHT A, 9, #EEE 1~10 2
5, BEOLZVE ) IZTRTOMEETRT ZIERT 5.
To& 20X, BEERE LIRS 2~10 L R_TIZR Y, WEH
2IHERE 3~10 ERTICh A, WEHREDTXTOMEY
T45 Y ORTOPVER &N, Thxf L CHEsET— %
AL T = Bl airo72. A& b9 2 7V,
TN FNOWERE T — 5 THDH 2,000 TN,
27,000 %> TV Th A,

54 TEIEEE—RIELR-DDTL—LOEKNEIE
A%

3.5 HICRLATEEMZ -3¢ 572007 L —LD
WILRR O BRI 22 HIEICOWTHET 5. FEZHEICH
LT, Az 07 L0k 131 L >y T e
L7z, FOFEE, #IC X BRSEIEIC BT AITEE
HZRLIRS L, Euxr 70k HH8EEICBT A1T
BEEZRLAER 4 ZHOTHIT . % Clois
20 A DOMEZ IR L T2 525, ABFFEO M T HAM I
WTWD LD, HEBEE1~10 DBIETH L. £ 3 H»H,
B X 2 BSEEIEIC B 2 M o MEZ 0.35 [0/ T
HY, wAMEIZ 1.15[/F], F¥EIL0.71 [0 /#] TH -
2. F, FaAns, EvF UL BRBEEECBITAS
JEEA DB/ MEE 0.5 [0l /0] TH Y, s KfEIE 1.55 [l /F5],
SEHE L 0.93 (1] /)] Th o7z, ULOERrS, 22
oY 7Voiiz 0.7 5 L <k 1.3 /531, o
I TNOILA ORI —3 D L IFIEFITEVEICE 5
EEZ, 0T 13 EOROY v TV e ERT A2 L
L7z BRENBET T TIVIE, UV FILORERE T —
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x 3 HICX BBSEHIEICS T HITHE)E
Table 3 Action cycle in key unlocking.

B [l [[o1%/#5) U 2=
1 2 3 4 5

BeERE 1 0.70 0.70 0.75 0.75 0.70 | 0.0245
bR 2 0.65 0.80 0.70 0.75 0.80 | 0.0245
PR 3 0.70 0.65 0.75 0.70 0.70 | 0.0583
BeERE 4 1.10 1.10 1.05 1.10 1.15 | 0.036
W 5 0.45 035 050 0.35 0.35 | 0.0632
BERH 6 0.70 0.65 0.70 0.65 0.65 | 0.0245
BB T 0.40 0.35 0.35 0.35 0.40 | 0.0245
ek 8 1.10 1.00 1.10 1.05 1.00 | 0.0447
B 9 0.50 0.60 0.50 0.50 0.45 | 0.0490
e 10 0.85 0.85 0.80 0.75 0.85 | 0.0400
el 11 0.60 060 0.80 0.85 0.85 | 0.116
BeERH 12 045 0.50 0.50 0.30 0.25 | 0.105
BeERH 13 0.40 055 0.50 0.50 0.60 | 0.0663
WebRE 14 0.30 040 0.55 0.65 0.60 | 0.130
B 15 0.35 0.40 0.90 0.85 0.65 | 0.105
bR 16 0.60 0.65 0.75 0.85 0.90 | 0.114
bR 17 0.30 0.45 0.55 0.55 0.55 | 0.0980
WeBR# 18 0.75 085 0.75 0.85 0.80 | 0.0447
W 19 0.40 055 0.70 0.85 0.90 | 0.186
BERE 20 0.80 0.85 0.85 0.70 0.85 | 0.0583
BeERE 1~10 0.71 0.235
WeERE AR 0.66 0.215

K4 YoFr L LHEMECET 21TEEHN
Table 4 Action cycle in unlocking by picking.

W % (M%) e 2
1 2 3 4 5
BeERE 1 1.15 1.20 1.20 1.40 1.35 | 0.0245
BeERE 2 1.15 145 1.10 1.35 1.40 | 0.0583
el 3 0.55 055 0.55 0.55 0.60 | 0.0316
Wit 4 1.15 1.15 0.75 1.05 1.10 | 0.0316
WERE 5 0.50 050 0.90 0.85 0.65 | 0.0632
BB 6 0.55 0.80 0.90 0.75 0.85 | 0.0245
w7 0.55 0.50 0.55 0.60 0.55 | 0.0245
BelRE 8 0.85 0.85 1.00 1.05 1.20 | 0.0447
BB 9 0.65 0.60 0.75 0.70 0.80 | 0.0490
BeERHE 10 1.35 1.30 1.55 1.60 1.55 | 0.0400
BeERE 11 1.95 1.75 220 225 1.95 | 0.183
WeBRFE 12 0.45 0.40 0.35 0.35 0.40 | 0.0374
iR 13 0.75 0.70 0.65 0.65 0.70 | 0.0374
Wb 14 0.80 1.20 1.45 1.40 1.40 | 0.241
bR 15 040 0.50 0.55 0.65 0.60 | 0.0860
W 16 0.85 1.50 1.55 1.95 1.95 | 0.403
el 17 0.65 065 0.65 0.60 0.60 | 0.0245
BB 18 1.00 1.15 1.00 1.40 1.55 | 0.220
BeERE 19 0.60 0.70 0.60 0.70 0.70 | 0.0490
BebRE 20 0.55 0.50 0.50 0.70 0.65 | 0.0812
BeERE 1~10 0.93 0.332
Wi AR 0.94 0.446
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5 CTdH Db 2,000 TV L, 108,000 %> TV THS.

5.5 BIREZFEOEMFRNEZF1 KAE

3.6 Hi T/ LIZHIEEEIED AT A FOBEARN 2 FEEICD
WCHIHT A, BB E Yy F U RS 1~10 27 -
7B D, Tidip b DEFEEZER 5 IIRT. ROANR—ZAD
MWAEICEY, #EEES % [No.l, &#EE T % [Avel
il F72, FhoX, Y, 21, TNENOEED
HOZ EZIET. B, A= ZADEET/INGSEE 3
TEAIZFE L2725, EBIC Kinect 2 5 BUS T RE 2 R BE 1%
MEEEANETTDHY), TOBMBEZHEHL TV,
5 L0, RlO®RSDSHE LG OSBRI,
X HERE 0.3698 [m], Y HEAE —0.9475 [m], Z KEFE 3.1412 [m]
Tootz. Tz, BHD ST L7256 OSHERE T391,
X JERE —0.0068 [m], Y HEEE —1.0054 [m], Z A 2.8940 [m]
THholz. TNSDE%E, Kinect DRELATIIIL LT, Z
NENDFREEENH AT A F L7,

5.6 EERIRIE

RFFET, Ev ¥ 7 E@#ET 2T BOBREL LTo,
APyt 7 & Kinect O EMEFRER 6 1287 .

PR L 5.1 B CR LB IS D, 2 LT, Wi md
L, BEALF&C &) 12 5. Kineot DREALE L L
T, F7Hd 5 7-D8EE OB 2 5 O B R O BUE
BATRELR DT, FOWRLAMIIHET 2L eEAT

R 5 WEHEOVHAE

Table 5 Standing position of examinee.

L] Kinect #% (& : #1045 Kinect i | Ak
£ | No. X Y V/ X Y 7
1 0.925 —1.067 2.976 | 0.910 —1.079 2.966
2 0.429 —1.211 2.895 | 0.480 —1.201 2.919
3 0.081 —0.874 2.864 | 0.120 —0.299 2.715
M| 4 0.041 —0.925 3.199 | —0.039 —0.978 3.269
B |5 0.352 —0.921 3.287 | 0.296 —0.934 3.236
|6 0.281 —0.902 3.267 | 0.296 —0.894 3.263
7 0.284 —0.931 3.294 | 0.290 —0.908 3.286
8 0.311 —0.982 3.224 | 0.282 —0.947 3.233
9 0.320 —0.979 3.219 | 0.305 —0.974 3.242
10 0.723 —0.976 3.224 | 0.710 —0.971 3.248
1 0.910 —1.079 2.966 | —0.049 —0.978 2.782
2 0.480 —1.201 2.919 | —0.282 —1.309 2.951
¥ |3 0.119 —0.299 2.715 | —0.241 —0.565 2.895
v | 4 —0.039 —0.978 3.269 | —0.208 —1.105 2.667
¥ |5 0.296 —0.934 3.236 | 0.072 —0.995 2.936
V|6 0.296 —0.894 3.263 | 0.034 —1.008 2.872
7|7 0.290 —0.908 3.286 | 0.140 —0.995 2.947
8 0.282 —0.947 3.233 | 0.072 —1.057 2.805
9 0.305 —0.974 3.242 | 0.054 —0.977 2.967
10 0.710 —0.971 3.248 | 0.263 —1.040 2.915
Ave | 0.370 —0.948 3.141 | —0.007 —1.005 2.894
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F 9, Kinect D &3 185cm & L7z, Kinect |HERE
ICIETHNCERIE S 5 OASHEIE S L CTHB Y, Dehbandi & OWFZE
7 & T Kinect % [ETAIO g 72 JHAE 1 2FE L CRHMIT &2 47 -
TW5, RIFFEOBRE T, #EE OIEE ICIEDQIZEN
HYZFIICEBRETE RV, 22T, ENLRERDI 2T
BT 5O LFERRC, i EZ T, BOFROM» S
DTMECHREESNELIICL. HE% 185cm & L7
DIF, HRETIEHFEOMOIME L HVICELHIHPLET
LS, ZOREF A RS & Ronb 70, &
WIS E Z CHRENREEE L2200 THE. MEIETN
RV EHBEORm S L LI TW L 720, Ml m & E
DNTRIFEED T DTESEfL L 2 WIEEOE S & L7,

RIZ, Kinect DAEH D MEEL, WhH OFIOL A S
TR7ICHL T30 EOfEE, N7k L THibRE DR
W 2o& L, HBEOLEE»SIETERVOTHN
L, BEAEROERZRAIDRIZET LW, BNLLT — L% M
WXL TEDL)ICERA X T 2B T 5DITHEBRNICE 2
TARBHBRTH L. 512, RIFFETIE, KOHICHD FT
) TERBET 720, BREASTEITILSIAOEIZE > T
LE)H. 22T, BHEFHEOHFME fEFM % [
WCELZONAMET, FT06ZFNIET — 22 HIFE
TO LVEiHE & LT 30 ol 4 #IR L. 72721,
ROWEIZL > TE, FTORNCZENITIET — A% fide
WAL H L., T, BEEOIMOYE S HEIRL T
Wh, B, HEEOBEMD> ST AGA L, WS
DEFAIMAEDRE 2 W T E v, HEREOLFM
o T A0, AHIEAR E 2% <, FTIEERMIC
HFRFCHITAZ EPHESNTEY, AFAZHF LT

door
] Kinect v2

examinee _2:0,'_

185cm /

pedestsl

Kinect v2
(casel)
) W Kinect v2

(case2)

examines

56cm  14cm

door

examinee

Kinectv2
Key hole am 3
~, R BT TR (case2)
oor knab, Lo H
I
i
i

6 Kinect |2 & ) B iEHEEE 2 HUS§ 2 FEEREREE
Fig. 6 Experimental environment in acquisition of coordinates

by Kinect.
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HhHI2OTHA.

Ak L, Kinect v2 O A OB #HPHIZ 0.5 m~4.5m T
HY, ETELNETE) T 5 EEREESPHETE R
XD, 22T, KT, Kinect & AWO KT IR D
PEEEATH) 300cm & 2B L) ICLTWwA, FEMICHT 5
E, AMICREENS L7720, 728 2135 E 160cm TF
BOHLD DS 80em ONE L T2 L, BELEMLFED
HULE 25300 cm DA, BHOAME X 220 cm (300 — 80)
L), ROMEE 380cem (300 +80) &725b. FEEIZIE
HETEZLAFOEPLEEL TV, T2 dIFiUliE
EYECFERLCAHI DY, FTORTITENT 5 AHD
LKA Kincet v2 ORHHEHFAO FRAFTICA S L9 12T 5
CLEEZTIOEREE LTWD, KEHMOMEIZON
THIR L THB L L, ERGFTOE T OMEA 192cm TH 1,
el 25 300cm DEEEE & 5 & S NU EOMEE AT
HIEFTE LW, PLEXY, 202 AP Kinect & %
BYsrz L L.

6. FF4l
6.1 wWEREIEH

RUFFEOERE 1L 20 AT 525, £ & L TRl f#

M 2HEEIZ 104 TH Y, Y D 10 41 2 O % 4

I 72D —HDOEBRIHEH L TWA. #EE 20%0H5E
I 6 (IRT.

6.2 YULUANRYY

AR CHA ST 2B EE A —ND ARy 7 2 LIF
12”7 . CPU O&FE X Intel® Core™ i5-7600 CPU T
L. 70y 7 J8EHEIE 3.50GHz, a7 8%id4 &5 TW»
L. AEVIZBWT, AL U AEYDF A XL 64CB, A
EUMHEIF 4468, XEY DOEEEEIL21GB, A X
EYIZ0.1GB, Ny 77DF ¥ v 2L 39GB, X—TD
Fyvalds8GB THA. £/, €744 — Fid Intel
Corporation Device 5912 (rev 04) Td 4. A% THH
LI ROT—2 8, TV HE=IEZNEN54EHIZBT

xR 6 WREOHE
Table 6 Height of examinees.

R RS | GE [em] | HBEEFS | HE [om]
el 1 169 A 11 177
WelRE 2 165 BelRE 12 165
WeERE 3 163 Bl 13 171
Wit 4 172 BB 14 166
HeERE 5 161 W 15 171
HERE 6 171 WERFE 16 166
el 7 170 WeERE 17 164
Hebig 8 170 Wb 18 182
[ ) 170 BelRE 19 172
R 10 163 HeERHE 20 168
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LR T — 7 AR LB TH D, 92.11GB TH 5.
Ty OFE L, EELORETIINIGB 22 TLE
) EHMFE AT R o TLE D). FD0, WEE
04T _RTEFE L TEMICHAES, 104ELTW5,

6.3 IRy IEENYyFHAIDRE

3.7 fi b7z CNN il 9 12, =Ky 75 LNy
FHA X PRET LLENHL. £ZT, #EEE 1~10D
T E AT, 10 5EZCEMEEC LY i 7 TR
TREN Y FHA XTI, B, TANHY Y TLO
oy 7Z7E@ERTOY TVEBIERKE R L EHI12L
7oo F 7, EAY I T A MY Y TV HEER
HI~10DEEZEATVS, T, ¥y d 2 728
JERDITBSEEIFELY, LT TV A RIS
LD KT BT Ry 7 25585 T LLEN D 5 H
ERODLLDTHB2H, AT TVIZT A Y~
T LA — DREREHRIE L TV T BB LW,

IRy ZHIL 50 25 50 §OMIMSE, Ny FH A X
X320 56f/4I12LTWE, 1,800 1275 F TOMHEIZDOWT
LM 21T o 72, AWFRTHWAE TRy 78 &Ny F
A ZNEFAED 0% % B 2 72 & & ITHEHERZEDT 5%LLF D b
DEHAVLLDE L, RTIZ, TRy 250D E X2
Ny FHA X BH L GEORBEORR LR L. $72,
T8IZ, TRYZEI00DE SII/Ny FH A A ZEERLL
BEDORBEDORHRE IR LT, ROAR—-ZADHAE L, Fip
DNy FH A4 X% [bat] TEL. Tz, EROREIFE
Yofl, F5EE & NOBUE SRR A= Z R Y. 728 21E, 0.85
(0.0779) TH UL, F¥ 0.85 TIEHEFEAT0.0779 TH 5.

®T7T THEYZ B0 LNy FHAXLORR
Table 7 Relationship of 50 epochs to batchsizes.

bat precision recall F #

32 | 0.85 (0.0779) 0.83 (0.0962)  0.83 (0.115)
64 | 0.84 (0.0669) 0.82 (0.0771) 0.82 (0.0853)
128 | 0.84 (0.0611) 0.83 (0.0670)  0.83 (0.0677)
256 | 0.80 (0.0558) 0.79 (0.0674) 0.78 (0.0727)
512 0.74 (0.0496)  0.72 (0.0495)  0.72 (0.0540)
1,024 | 0.70 (0.0328)  0.67 (0.0387)  0.65 (0.0528)
1,800 | 0.65 (0.0546) 0.62 (0.0426)  0.60 (0.0541)

&8 ITAKvZ 100 &Ny T A XL OBR
Table 8 Relationship of 100 epochs to batchsizes.

bat precision recall F

32 0.90 (0.121)  0.89 (0.122)  0.88 (0.152)
64 0.90 (0.0624)  0.89 (0.0749)  0.89 (0.0791)
128 | 0.91 (0.0485) 0.91 (0.0538) 0.90 (0.0549)
256 0.91 (0.0381) 0.91 (0.0418) 0.90 (0.0416)
512 | 0.84 (0.0547) 0.83 (0.0589)  0.82 (0.0597)
1,024 | 0.77 (0.0523)  0.76 (0.0555)  0.75 (0.0578)
1,800 | 0.72 (0.0397)  0.70 (0.0428)  0.69 (0.0492)
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08 -,
0.7 X
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804
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0.1
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7T TRy IEENYFHA X EPET HERICBIT S loss

Fig. 7 Loss at experiments for the best epochs and batchsizes.

RTOERNS, TR ZHN50D & X121y FH A4
A%EHELTD FHEPFTIO%E B ALEEHERE L Lo
2. ES8DHENS, TRy ZHAT100DEE, Ny T
A AN3128, 256 DHFEICFES 0%iBE /R L. FDhk
WC, RN SBLLT & % 5 720133y FH 1 73256
DYET, FOEEREL 416%TH o 72, D LEOFERE,
5, REFFETIEZ Ry 7% 100, Ny FH 14 X% 256 &
L, MBOFiZiTo T2 & & L.

B, REBRTIEIINHAY > 7V BL 07012858
ZRILTWATREMDNH S, 2T, Il (train) &M
ZF (validation) O loss % HUf5: L, TRz, FONE
B, B W TIE, 85~96 =K v 7 Tloss 788 £ % 0.20
L, 100 TRy 7 T0.179 T TR o 72, MEEIZBW
TlE, 84~96 =R Y 7 Tloss 750.21 2*5 0.24 D %47 &
JL, 100 TRy 7 T0.194 TTTFH o7z, loss IZiEA L
BT TW5E2DS, BFERIIREE TRV LR TE 7.

6.4 YT EENTTCHWIBEDOHEESM

BB 1~10 DY > 7V EZFOF FHMH L TCNN O 10
SRR EMEE TR &2 4T o 72, Ay~ SV &7 A M
T TNVOREREIE LD, ERER 9IIRT. KD
N=ZADEEIZ LY, ¥EEFHT % [No.l, &WEETY
% [Ave] &t L7z. 72, RPOHMEIFIME, FHNE
ENOFAED SRR A 2 TR T .

£ 9 OREDIE, HERESKOTHO FIEIE 56% & 1%
{, ZOEHERZESHERETIET14I% L X505 D H 5
NG, BT LIEOFEER RS L, 50% 5
DHLDONE ONEL DLDEFTH Y, —EOWERE 2L
TRHLIBREECEECHEIITZTWDEY, ZEALD
BeBRE O 5 BREEE MR .

6.5 tHWERETF—FZmICERLAEYTILEBIL 25
BDWERE I & DFEERTE

3.4 HiOFETHERUMICHEFRER L L, LX)

WEEPZEALT 2 0P L7z, BERE 1~10 0% > T &4l
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£ O HERE T L ORI

Table 9 Evaluation by each examinee.

No. precision recall F f&

1 0.64 (0.128) 0.58 (0.0857)  0.54 (0.0954)
2 0.68 (0.100)  0.62 (0.0673)  0.60 (0.0673)
3 0.56 (0.149)  0.55 (0.127)  0.54 (0.132)
4 0.64 (0.201)  0.53 (0.0736)  0.44 (0.0766)
5 0.76 (0.013)  0.54 (0.041)  0.42 (0.0811)
6 0.85 (0.0623)  0.79 (0.114)  0.76 (0.148)
7 0.56 (0.155) 0.50 (0.0518)  0.42 (0.0891)
8 0.59 (0.0724)  0.58 (0.0619)  0.58 (0.0604)
9 0.60 (0.0949)  0.56 (0.0321)  0.54 (0.0264)
10 | 0.80(0.102)  0.76 (0.0978)  0.75 (0.0968)
Ave | 0.67 (0.154)  0.60 (0.122)  0.56 (0.149)

F 10 EF LY Y TV EBINL 7236 OWERE 2 & OR R

Table 10 Evaluation by each examinee with generated

samples.

No. precision recall F 18

1 0.58 (0.109) 051 (0.172)  0.46 (0.0543)
2 0.66 (0.136)  0.62 (0.115)  0.61 (0.115)
3 0.72 (0.0814)  0.60 (0.0617)  0.55 (0.0926)
4 0.59 (0.215)  0.50 (0.124) 0.4 (0.116)
5 0.67 (0.129)  0.53 (0.0318)  0.41 (0.0730)
6 | 0.93(0.0377) 0.91 (0.0545) 0.91 (0.0572)
7 0.61 (0.125)  0.57 (0.0754)  0.53 (0.0851)
8 | 0.77 (0.0605)  0.66 (0.104)  0.62 (0.140)
9 0.74 (0.105)  0.65 (0.114)  0.61 (0.155)
10 0.84 (0.0453)  0.82 (0.0564)  0.82 (0.0599)
Ave | 0.71 (0.158)  0.64 (0.152)  0.59 (0.182)

M LT CNN @ 10 53 E1 28 2215 CEFAM 2 47 o 72, FNFRA
b TNET AN TIIVOMEE IR LD, B, T
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Table 11 Evaluation by linear interpolation for each examinee

with generated samples.

No. precision recall F 15

1 0.64 (0.114)  0.55 (0.0593)  0.48 (0.0969)
2 0.59 (0.0868)  0.57 (0.0707)  0.55 (0.0701)
3 0.61 (0.166)  0.53 (0.0981)  0.46 (0.109)
4 0.35 (0.0502)  0.39 (0.0422)  0.35 (0.0473)
5 0.61 (0.152)  0.51 (0.0435)  0.39 (0.0522)
6 0.95 (0.0437)  0.94 (0.0582)  0.94 (0.0641)
7 0.65 (0.125)  0.56 (0.0756)  0.51 (0.103)
8 0.73 (0.0731)  0.62 (0.0707)  0.57 (0.109)
9 0.70 (0.125)  0.62 (0.117)  0.58 (0.151)
10 | 0.87 (0.0492)  0.83 (0.0809) 0.83 (0.0861)
Ave | 0.67 (0.188)  0.61 (0.170)  0.57 (0.199)

# 12 CNN |2 X B HBis 2 & Bk LR
Table 12 Additional CNN evaluation by each examinee.

No. precision recall F f&
1 0.63 (0.113) 0.53 (0.0225)  0.48 (0.0535)
2 0.52 (0.0374)  0.52 (0.0347)  0.51 (0.0332)
3 0.68 (0.126) 0.59 (0.0931) 0.54 (0.122)
4 0.72 (0.111) 0.57 (0.0545)  0.48 (0.0752)
5 0.63 (0.0889)  0.60 (0.0638) 0.57 (0.0776)
6 0.70 (0.134) 0.59 (0.115) 0.52 (0.160)
7 0.53 (0.0490)  0.52 (0.0452)  0.52 (0.0435)
8 0.66 (0.109) 0.56 (0.0681) 0.49 (0.115)
9 0.58 (0.0454)  0.57 (0.0424)  0.57 (0.0406)
10 0.65 (0.100) 0.56 (0.0471)  0.51 (0.0986)
Ave | 0.63 (0.117) 0.56 (0.0967)  0.52 (0.0963)
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Table 13 Additional SVM evaluation by each examinee.

No. precision recall F 1

1 0.86 (0.0316)  0.80 (0.0591)  0.79 (0.0688)
2 0.95 (0.0316)  0.94 (0.0441)  0.94 (0.0472)
3 0.82 (0.0367)  0.73 (0.0805)  0.70 (0.101)
4 0.74 (0.0432)  0.51 (0.00490)  0.37 (0.0128)
5 0.82 (0.0125)  0.75 (0.0500)  0.73 (0.0654)
6 0.93 (0.0530)  0.91 (0.0712)  0.91 (0.0741)
7 0.76 (0.0161)  0.71 (0.0624)  0.69 (0.0815)
8 0.86 (0.0512) 0.78 (0.106) 0.76 (0.126)
9 0.86 (0.0324)  0.83 (0.0394)  0.82 (0.0408)
10 | 0.90 (0.0502)  0.88 (0.111)  0.86 (0.142)
Ave | 0.85 (0.0743)  0.78 (0.135)  0.76 (0.174)
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Table 14 Additional CNN evaluation by each examinee in

Vol.61

slide of action coordinate.

No.2 486-499 (Feb. 2020)

No. precision recall F

1 0.62 (0.126)  0.54 (0.0388)  0.51 (0.0386)
2 | 0,51 (0.0102)  0.50 (0.00800) 0.50 (0.0111)
3 0.60 (0.141) 0.55 (0.0940) 0.52 (0.0923)
4 0.67 (0.0689) 0.56 (0.0252) 0.48 (0.0618)
5 0.45 (0.188) 0.44 (0.0911) 0.38 (0.0954)
6 | 0.79 (0.0804)  0.67 (0.125)  0.62 (0.167)
7 | 0.60 (0.0742)  0.56 (0.0550)  0.50 (0.0819)
8 | 0.73(0.0498)  0.59 (0.0623)  0.51 (0.119)
9 0.70 (0.124)  0.61 (0.0703)  0.57 (0.0785)
10 0.61 (0.122) 0.56 (0.0735) 0.53 (0.0914)
Ave 0.63 (0.145) 0.56 (0.0934) 0.51 (0.110)

=15 HREEL A T4 FLHED SVM 2 X 2HEE L 0l

TS P52 Al

Table 15 Additional SVM evaluation by each examinee in

slide of action coordinate.

Z
©

precision

recall

F {5

© 00 N O Ut R W N

—
[en]

Ave

0.76 (0.0323)
0.95 (0.0341)
0.80 (0.0349)
0.42 (0.0356)
0.79 (0.0686)
0.95 (0.0422)
0.69 (0.0429)
0.92 (0.0276)
0.85 (0.0199)
0.88 (0.0310)
0.80 (0.155)

0.60 (0.0346)
0.94 (0.0385)
0.66 (0.0887)
0.48 (0.0150)
0.71 (0.0402)
0.94 (0.0558)
0.67 (0.0196)
0.91 (0.0385)
0.82 (0.00917)
0.84 (0.0633)
0.75 (0.157)

0.53 (0.0643)
0.94 (0.0406)
0.60 (0.115)
0.36 (0.00831)
0.69 (0.0356)
0.94 (0.0567)
0.65 (0.0210)
0.91 (0.0410)
0.81 (0.0118)
0.83 (0.0682)
0.73 (0.192)
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