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Abstract

Sign language is the primary language for people with hearing impairment to commu-
nicate with others in daily lives. However, most people with no hearing impairment do
not learn sign language. Sign language recognition and translation research has been
conducted to support people with hearing impairment and others. In recent years,
machine learning technology has developed to propose sign language recognition and
translation based on advanced image processing and pattern recognition. However,
most methods place a camera in a front of the signer to capture the input image or
movie. The method works for people with hearing impairment only in environments
where the camera is placed far away. The method is important not only to research
recognition and translation but also how to incorporate in daily situations because
they use sign language in daily communications. We propose a wearable motion cap-
ture (MoCap) system equipped with omnidirectional camera towards sign language
recognition and translation that people can wear and use in their daily situations.

Sign language consists of manual expressions (shape, position, movement), non-
manual (mouth, eyebrow, etc.) expressions, and the surrounding environment. An
omnidirectional camera mounted on the user’s body can capture the elements of sign
language expression in everyday situations. Our main contribution is to proposes a 3D
human pose estimation using a wearable omnidirectional camera. Additionally, we ap-
ply the wearable MoCap system to existing sign language recognition models. ”Signer-
Centered Sign Language Recognition and Translation” using a wearable MoCap system
has 3 advantages (1) Enables constant data collection with use, (2) Optimizes the sign
language recognition and translation models for each user, and (3) Comprehensively
processes environment information. These advantages have the potential to contribute
to research field.

Deep neural network is a mainstream method for estimating 3D human pose on
images. The method requires a vast training dataset consisting of images and 3D poses.
However, training datasets for our unique camera settings is not publicly available. We
build a data collection system and collect training and validation datasets in Section 3.
Additionally, we use an existing model (VNect) to validate the performance of self-3D
pose estimation with a wearable omnidirectional camera.

We verified the feasibility of self-3D pose estimation with a wearable omnidirectional
camera using training dataset. However, collecting a dataset consisting of images and
3D poses with our unique camera setup is a time-consuming task. We propose to reduce
the burden of data collection and model training in Section 4. The method decouples
the model into 2D pose estimation and 3D lift-up using 3D unit vectorization. We
validate the effectiveness of the model for data collection and training burden using a



synthetic dataset.

We develop a prototype wearable MoCap system with an omnidirectional camera for
application in sign language recognition and translation. In Section 5, we first generate
a synthetic dataset for training and validation. We evaluate the 3D pose estimation
model with 3D unit vectorization for accuracy, robustness, and run time. Additionally,
we evaluate the robustness of 3D pose estimation model for omnidirectional camera
perturbations in Section 6. We generate a synthetic dataset with camera perturbations
that increase in several steps. We indicate that the 3D pose estimation model with
3D unit vectorization has high robustness for camera perturbations since training and
evaluation using the dataset. Finally, we apply the wearable MoCap system to an ex-
isting sign language recognition model in Section 7. We acquire sign language movies
using the wearable omnidirectional camera and normal camera (third viewpoint), re-
spectively. We compare existing models trained on each camera dataset. We validate
the availability of wearable MoCap system to sign language recognition.
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R—XHEETNOEE Mz B 2w, R T 2B MoCap A7 LDHD
3D R—XHEE BT 2 FEE L@tz i3 5.

86 mTIE, EELLEAMA AT OEHNCNT 2 HD 3D R—XHEETILOHE
FEMEICOWTIRN G, ZH L FHEICH W2 I X B ESLART — X 24EKL, W
ODOHEEE T I OWTHEY iz B8 2\, 3D BN MUEZHAAATR
HETEE T NADH X ZARENI T 2GSV & 2R T,

B7ETIE, @I XTI ERAWEED 3D R—XHEEE AW BHFOFiE8iHT
TANDFEHIZOWTIANEG, BRI AT L LBHEDONE A X T TERZITIERL
7 FREOEGE BHFOFRERMRE T MVICHEA L, B RT720EHMEHRET 5.

RRICE 8 ETIX, AFKDZLHE LT, AMFETHEOLNZHR L SR OMEIC
DWTIENR 3.

=




E28

ESPELTIEAR

2.1 K&

AFETIEEEFRICOWTIHRR S, %3 2.2 HiTlE, AFFEOIEHLETH 3 FiED
BEIENR & BIARICBE 3 2 TAIC DWW TR 5. 2RiC 2.3 HiClE, EEE8E%T HWiz 2D
/ 3D R —=ZHEEIZDOWTIBEANRARIZ, KRHFLUTRICBRT 2 BRI X 7 2 HW-HC
3D K—ZHEFEIZ DN TN S,

2.2 FEOBEERE CEIERICAT 2

FREBEX TR IFFRIECRAT 25 TH L. FHEIFLE, FLisT
RENBFE, FONE, B2 TH3. ik, FFEIMELE, DESLEDIE,
TR EOFHLHNOFED Z e TH S, 618, FarlFAMORN ZFIH U TRES
5ZedbdHB. rZF, v LBz L T2 2E LT HEIEEZ 3255
EZD. O FRHEEBEERLRTE DLl 281, EEZRELRT L (B
Tl REDMNERY. £, URLMzfR LR L, ZOYRGMEREZRS. 20
£ 212, FREEFFREE IFFRIMEZ HWARH S, EHozEM 2o TREINS.

FEEOBRE N CTFA ORI Z B 225 72012, HiEE2ORITe LTH
ff"*ﬁ’]ki%éh%%ﬁ@ﬁ AR HNG. LrL, UNOHEER S, AL L 7T

ZESES 2 T AT, e U ToEGHZ T 28 S 5 2 LIFIERICHE LW,

o HHHFEDENXDOHIZ, HOHFEDOE X DREIENE D 5.
o HIDHIEDKD D DFHRNMNBED, ROHFEDIHRE D ICHELS5ZX 3.
o XTI Y, AN X > TFHOREN R 5.

FAOHERRHR e B Z B 2725121, 3L DICTFil#E O FREIEEHRZ T
TRO2REND L. FUREFERZIE T 2ICEREL DI T2 ODNELD 5.



E3pER I 7

o Vx4t UHFHEDONWTRPUKIRE FIRICESE LT, HESDMEDFHH, W
WK o TEBDONLIE ZBUS 3 % /1.

e RGB I X 7% HWTHGRHEEZIUS T 5 5L

TNA R HE UTIEME IS T 2 Fafadak D 71k LT, 1983 T A ¥ L [HFE T
ER SNz ETF 7 r—7 [10] W7 XV AFiE (ASL) DIEXFRBIRR I N

. ZO%D, SFEIFRELUVYZFROKRAZEIWTHESE LT, FiElmz B2
FEMERINTE L. FROKMEEET 2 HEIF, #HHErE L, BfEZHICH
{BTE22 Vo 2RfmnH2. LrL, IN6DHEEE VIR DHEL T
3L, BERMRELLT—XEBET2 8L V. ¥/, Fagic > T
BTA2EENDZ v, EFHRIEETTHELEIS> b T2 HHDHEZ 5720
ETEEELCGHIT 2 Z I3 RAREL Vo 128N H 5.

D FFROFEIIEEGR 2 VT 0 HEEEHR E BIRRTH 5. 1988 4FIC Tamura
5 [11] 1%, EGEEERZ HWTHARTFFHEOMIL L7z 10 HEEZRSM T 5 A7 02 REL
7. %@%% EGERR T W  E I FRTFFERMS R T AOREREEIhTWS. F
{2 W2 ik, FEESHREERREZIUGT 270D 7NN 2257 54
bLEIDBRVWZ R, IEFRIEDH - TR e BRI TE 2 2 Vo HE D D
5. —}T, Falidh oM MBICRE LT, BRPINE 2 X5 ICHEHBREZEE LK
FAUER S W=, HEEESEKL, BB TS 2B TELRVE W 23
ERD 5.

HEDT 4 =T =2 =NV %y b= RBEAAAL=2—F L3y FNT—=T LW >
THEMEEE DORIBICE 725 C, BEGREA WX EXERFHEOHERREREBRD
HiE(1,3,4,5,6, 7 PREEINTVWS. LirL, ZHsDEHYEZHWZHIETIE,
BWARBDYER T — Xty "R EL R 2720, EBEORE RTOBEIWNELR
EMTH 2. Cui[3] 5DOFFERMHE T M, @R FEEFEONY Fv—T ko
TW37 =&ty b RWTH Phoenix [12] iIZ8WT, RICAWZ¥E L 72 MHWE
BE12 WER 22.9% (Word Error Rate : HEEDIREHR) , B2 \WeFEHL 7R
MZHWEEIC WER 39.6% T® - 7. RWTH Phoenix (&, #HiH 7% FaGBHE DR
WMTHWONET =Xty POIBETWERELLDDTHSH, FENTVBIHEED
FEFEIXB & Z 1000 FEREETH 3.

HE{RFRHRE W72 FaE0 BERERH & BIERCB VT, Hifg) SR EE Rt 3 2 4k
WZOWT, W DLDETFAPRRBEINTWVWS. HE, ZLHVLR TV DIXHEE
2R ZDEEATIE LT End-to-End THEEZBIRIETNAVTHS [3,4,5]. —F
T, ¥TEEGED»S F¥HD 3D R—X, FF¥, OBORHEELZMHL, Zhosz AT



B ER ST 8
EFTBHTAFF Y IILETI O] BIWRINT VWS, TOILFF ¥ FIVLETILTII,
FRESBOERICIO U TANEBSE 3D K—X, FH, OFIHTELTHLLETILAD
AN T 2728, End-to-End EFMHART, FHEOSEXNLRAENE ENETF
N EZD. 72, <AUFF v FVETF VI THERHSE SENCHBHTEEI N L o
DRREICHEITE, ZAZNOBFEIHRNCED #is Z  BA[REL W o 7 FE 23D 5.
Li & [1] &, WERIE L KED ASL FiFHEHHZ HWT, End-to-End €7V
¢ 2D R—=X%Z AN T2E7NVDHEGFHTEZ B 22, £ Tl End-to-End €7
N AW FEE#RAEWHEEREEEZRLTWA.

2.3 BEEAXSZAVEED 3D R—IHETEICEE T 5HH3E

ARXTDFBEHFICEE LT, HIRA X7 E2HWZABD 3D R— XHEE D BEE
FUTDOWVWTIERNS. 73, do b —MINRIRNTH 2BENIAEICH X T 2B L
TIRIG U =5 % FWz 3D R— XHEEIZOWTERR S, RIZ, BIRIT/NEH X 5%
AL TURIB L2 AMHEAESREZ AW HA 3D R—IHEEICOWTIHENG . HKE
2, AFRICRDBEEST 2, LARERZIRMETELZ2HBPHIXRIZEELTBIRS
HC 3D R—=ZXHEEIT DWW TR S,

T, BAAAZ2—F N2y b T —27 L RFIEL 2D /3D R—XD7 /) T —>av
f&F—Xty POFREIZL - T, HIRAH X FHEIGEEH W 3D R— XHEEICE§ 20
FUIRKELSHELTEZ, 3D R=AHEIIEFEICS 0D 7 e —F0H 5. D
W, HifRD) HERIC 3D R—X2HEE T 2 1EHE MR T v —J (9, 13, 14, 15, 16, 17, 18]
TH5. 502X, HEDPS 2D R—XEHET 257 (2D R—IHEEH) &,
g F o 2D R—X2 5 3D R—XZHEET 28877 (3D K — RHEIRHAR) 1T X R
ERENTEAAL T4 7Ta—F [19,20] TH5.

EHEENG 7 7a—F OfEE e bR, ERERFTD 3D R—XD7 /57— av
= OHGY, YOREEE T —Xe LTHHATEZ2PICREREELS TS, #E
Z2ARAT Y AR ENT BN T 7407 T —FIZESRT20DHEBH . eOD
&, 2D R—XHEEFICBFEDOERER 2D R—XHEE TV ZRHAGERI & TDH
5. ZOrE, IR ER 2D R—XD7 ) T— a AT EEBE, 3D R—Xrlt
LU CTIFRICINEDIA SR Z L DIEHITAREFHTHS. SH70HiF, 3D K— XLk
EOHEEET N2 EE T 2D ANER 2 HE BT, FH LD 2D R—X (BEffio
i) £ 3D R—XDF7—%+ty P TEHARRI L THS. Martinez 5 [19] 1354
T4 7T —=FIZBWT, 3D R—ALRFIES > VT, BERET LV TH-
THERBECHETEZ 2 ERLT.
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Prototypes of EgoCap Application scenario
motion-capture rig  FERSREm——

) 5§

1. Attached to bike helmet

EgoCap motion-capture applications

Large-scale outdoor capture  Constrained, crowded spaces ~ Embodied virtual reality

& 7 p IS
AN & i/ &
A & S { 255 o
L &
L R 5 o
\
|
1

Input views

5

Reconstrutions

2. Attached to Oculus VRHMD [0

X 2.1 Rhodin & DR L 2AHEAD X Z 2\ 3D KR— IH#EE.

FIRICEE LR A X 7 TRELEIR)» S, 2EOR-IHEL B 745 KA
D7 7a—F& Rhodin 5 21] IZ Ko TREZ NIz, ARy MTHIERTRE A% % HY
D5 22T, EEBEOHEE»OBEZ 25 cm BEWIEIC 2 DOMRI X 7%
RE L. TOLAREMIE > TEEEDGREREHRE T2 2IETELDOO,
ZDTANAL RIEEHIZE o THFICAHIIR DD TH o7 (K 2.1) .

e - /N - BIRO IR X 7 2 W TFHE0 Xu & [22] & Tome 5 [23, 24] 12X o
TIRESINL. Xu SEFREOOIRTTRZICHRAS X 7 2D 172, Tome 51
ANy RRU Y T4 ATV AICTRAZIRARD X Z WO 7. £ 6 0m5cs
WTh, IR X 7 DEREIC L 2 BAZEGATR, BHED A X FAIEDSHD 3D KR—
A7 7T = a T EERBRBEICR D, EDT — XN EBZHM D T2 DI KB G
T=REERL, ¥ET-2e LTHA L.

Xu & [22] 1%, B#EFE7 70 —FTHX MBS 3D K—XE KT % Sk
EAD 3D BT b ERERZHEEL, ZRHZ2HAGDOE L LT 3D R—X%
HEES 2 €TV (Mo*Cap?) ZHER L7z (K 2.2) . 3D HAIRZ MU, #E LK 2D
R—ZXOBFNEEZ AT LT, FAlRIXT7DORIX XXy ) TL—ayy—)
ocamcalib [25] %o THUF L 7.

Tome & [23, 24] 1%, 3D R—XIERHIC~ALF TV F - 2va—K7Fa—XETF
)V (xR-EgoPose) Zffio 7854 754 > 7 Fu—F 2L L7z, zR-EgoPose & 2D
HifiEO b —F~y 705 3D R—XOMHIFEIEZHEE T 5 (K 2.3). D 3D K—
RHLREBOHEE T, ANEGEHEE ET, 2D K- 2l 2 BEEifED
b=ty Fe—BHEDH2 3D R—XDT7T -ty " THEETZIeNTES. 2D
R—XHeEE» o HNIT 2 — bt~y 71X, 2D KR—XOEHMNBELNDOA 71— 3
YiREOEREELZD, E—bvyTr 3D K—XEHVTEE T3 3D K-k
SRR ME IR 20§ 2T S < 72 5.
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sports bicyeling office

2D full body heatmaps

2D lower body heatmaps

Fisheye training dataset “ ‘

—— Training/Testing ===-Trainingonly () Concatenation iihea il

X 22 XubDERBLARD X Z %W 3D K—IHEE.

Image

Pose ¢
.P Rm x3 AP

az

Loss
Rotations
F -R\r e 8

=

2D Pose
Estimator )
ENCODER ECODER
,‘-I Loss |«
]

X 2.3 Tome HDIBEL2ARI X ZDHW 3D K— IXHEE.

Joint position module

s
Heatmaps
| | HM e §5=8=18
8230
D



11

E3E

EHMNAXTZRAWEEE 3D R"—X
HE

3.1 K&

RETIE, BIRICESE L2200 X 7 TR L ZEEEZHW-HE 3D K—XH#E
TEIZDWTIRR . 3.2 fiTlE, BRICEET 22700 X 7 L wlfd 2 BiRICDOWT
w3, 3.3 H#iTlE, FHEFHECHWS T -2 DONEREL T —& Y N OWEICD
WTiR %, 3.4 fiTlE, B 3D R—XHEEIWCHW A HEEET M DOWTIERS. 3.5
fiTid, WERLET =&ty P 2HOEHEETVOFE LFHEICOWTHARNS. &
#®iZ, 3.6 HITAFEIIOWTEL D 3.

3.2 KEITIEHNUNMXS BRSNS ER

BIRCEE LA X 7 TRIBLZEG2HHD 3D R—IXHEEE B IR 55E, &
Eﬁﬁ@ﬁé#%ﬁﬁ@ﬁx5@@%@@%WK%%@%%@@?%bz#ﬁbmk
R—ZHEEDREEIMKL 72 5 [26]. FEATHISE [22, 23, 24] T, JAARAIRA X 5%
W2 2T, iELEIXSMEDI S THHERDOKMI ZREL, BEOEVAD
3D R—=XEHEET D HEERE L. L2, BEIN TV B HIEOARD X 713
RTH 270, AR LTHAHIRENDD, FREDEZDORZI VIR ZIRIGTE
BRWGEEDH S (K22, K23). 722 x1E, FibCHEil%2 BiEELRTHA, T
2D H X ZETIEFRERACHZ 53, 3D R— XHEED KT 2 JHEMED
H5.

AFETIE, THROR Y 7= ¥ MZ2FHiH X Z (Ricoh R Development Kit ') ZH{
D228 T, HORIAHDHZDINEBET 2L Y A olRBEIN2EGEHNT, B
C 3D R=AMEEZB IR S. MDA ZIZEHEFLICHRE XNz 2 DDOMIRAD X
TTHREINTED, ZORBEKEHRE T2 TE5. 2HNAIXT7EHVS

'Ricoh R Development Kit: https://ricohr.ricoh/en/
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X 3.1 EORIGICEE LA X T RIS N 2 IEFRM RS

2T, XDREVEECOWTEHSFREZTRET 5 Z L HARICKR 5. &0
A Z B LI e iRBE N 2 HBROFI 2K 3.1 1TRT. AR THWS 2T A X
7 CIRIR SN2 IEFEFARINKEOHEBICIE, @EEOEBRE ZRZ 2L NORERH 5.

o A4 I HIRED LI NEHOREIZIAD 5 L 9128,

o ST I BRFEABD Y ZHER L & D EIROTMC NSNS (2L RIZEEED
fistm TR 2 T, RO OB St X DBINRRRENEGEREDNDH ) .

3.3 FHCFMADOT—XUINE

3D R—ZAHEETNDOEE Lifir B2 572012, 3D K—XD7 /) T7—av
T IEEMEERO 7T -2ty b EMERT S, LT (1) & (2) D7 —XZREIAL TIL
£32. (1) TROAY Z<T Y b 2ffioT, HORIGTHDICEELLEHMNIRX T
T, EHEMARIEOBEBEZRE ST 2. (2) 200 H X 7 %%EE L7 AOMHIZ RGB-D
HIRXTBHRBL, BEF—ZEHWTEEED 3D R—X2HET 3.
NETZF—ZDT7+—~<v MILIFTH 3.

IEREMFEER : £HMNARXZ2EE LT, EWEEDEIL LIIRET A X Z Ol 2 i
WCHEEIZR S XD ICREL T o IEHMAEGREZRGE T 5. 24Uk -T, K2
HW2e LTH, BAROHILOREHE (head, neck, torso, waist) (FH IZHEI{HDHLL
R EICHRE SN,

3D R—X: 3D R—XZRT 2 LFBD 12 B3 (head, neck, torso, waist, shoul-
ders, elbows, wrists, hands) @ 3D ZE[E DFEFEZEUS T 5.

3D R—XZHUF T AWET, 7 —XDOPWERHIZT 27-2DICLTFD 1 56 4
DIEHEEBZRS.
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X 3.2 UNEkL7-1EEEMGEEG e 3D RK—Xfl.

1. 20X Z DED 3D ZEEDFEHRE 725 £ 512, 3D R—X 2T 2
HEHEEEBE TS, 20 &, HXTOME (FEONME) 13FEHRDE
BB > TR TE D, HOMEIED SFTT (BiF x04), N7 (B
g x0.1) O EIWCEET 5.

2. M ZMNEARD x i e W72 2 X518, v fizHuie 3D R—X%[H
Ry 5.

3. BHH neck & torso ZAINEMDY vy W& WMATICR S X 51T, x fliZHINS
3D R—XZ[HH#r5 5.

4. MFOME (2—2V v FHEHE) 25 1.0 65 X512, 3D K—X%HEK, b
L g 5.

NS 2 EREMfAEEGR e, FEALZ 3D KR—XDfl%xK 3.2 1ITRT. 2O %, 2D
FH ED 2D K= XOFKBEFHMEE, RAMNI R T OMEZ AL Lz 3D BEfiD R
e EFARREO#HZ T & o TEINS.

3D R—X%HFT 22 AT 2ILUFOBICHER I 3.

e RGB-D 7 X7 : Intel RealSense Depth Camera D435 2
o HIEHEEY 7 I ¢ Nui Track ver 1.3.5 (on Windows x64) 3

FIRICE2HNLAH X 7RO 1) 722858 OXHEIC RGB-D 4 X 72 &%E T 2Pk 2
T LD ER 3.3 1R, TGRS A7 LA TIE, £ X 5 CIERMREESRZ R
T 5 LFFHZ, RGB-D AXZ e EMHEEY 7 2 HWT 3D R—XZ2HE T 5.
BL723D R—=X@E bR L7z7 +—<v M- TIEHLI N 3. T —XDIGEERHIZ,
BEEOIECLoTAIN—TY a UFAEL, BIHEEY 7 FZHMAH L7z 3D K—

https://www.intelrealsense.com/depth-camera-d435/
3https://nuitrack.com/
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Omnidirectional camera RGB-D camera
DI
Actor

X 3.3 F—&IGES R T LDEIRDOHERK.

* 3.1 HH, WEE, TAMTHOT—&Ztk v .
Dataset | test || training | validation
A 18,050 || 94,713 18,943
17,045 || 95,550 19,111
19,754 || 93,293 18,659
17,695 || 95,009 19,002
19,320 | 93,655 18,731
20,627 || 92,565 18,514
19,215 || 93,742 18,749

QHE @O Qw

ZOBRICRNT 256035 5. R T — X DEERDD, 3D R—XDIERHTR
DETOHEBMOHENKI Lz DA, EFEMEEGE 3D K- X2k s 5. 7
Bbb, KRZATLTIERT 27— X DORRINFNERE Lo TWd. RETHS 3D
R=AHEEETMIBVTIX, RRIIOEFGEITERE T, ML L7 —20Z8D
TR LTH¥YE, #HEEB IR o REREEICER S0,

ARFETIE, HAFFEICEAT 27— 2T 5. Fif - HARGEREHL 27) ITTER
SNEZFOMELHZZ2MEET 2 16 FIXEFENT 5. Zoflxid, 22 HEOFOIIL
BINRT, THEOFOEEZINT, ZLTHEHEOFEDS B 38 MEEEZATY
5. FRIZOWTIE, FONE - B X 2T 20 2ERT 2720 T, XEZRER
DOARERIR D B2 2 FIKOBGERRAL. B, 75 MEOFHHELZA TV .

BB L7z 16 flsg 2 - T 7 ADWHHED» L FEDO T — X2 2GR L. W HE &
fixcz 3E, HLIF4EBIRS. Kk, REDOERRE OEMMOIEE IR,
PER L 7o T —ZIZDWTC, HhEZ e WnL, ToI%E, MEE, 7XA MHOT7—4
D511 IR DEOWCHETS. MELLT—&ty F2R31ITRT. RTPOHEIZ
3D R=XD7 /7= a N EEBOBZ/RT. Dataset FID7 N7 7 Xy MM
HDID BRT.
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3.4  OpenPose Z W7z 2D R— XHEEFER (EX) LR FEOHTERRE (GX).

3.4 BHQC 3D R—XHEETI

AR, BAAAB=2—F 02y VT =W, SEXER 3D R—XHEET L
PREINTVWS. L L, BFOFHEEAMEETVIEFE DI X 72 VT, Hih
TeATEIC N2 NEZBRR L2 EGENRYE LTWb 0, FIRICESE L2 HMD X
I TR EINEA L W2 EUIEREMRAEGICHWS Z e idTEwv. FEEIZ, 3D
R=AWELD B BEZHL EIND 2D R—IAMETH->TH, SHEED 2D K—IHEE
%3 275 OpenPose 2] ZHWHEEIKRKT 5 (X 3.4) . MHDAERKIE OpenPose
ZRHW 2D R—XHEMRERLTBY, EFELBROHEICKBRLTVWE e
bbb, FARINE, AEOFRICE > THELGERTH D, HELTHMINA TV E
FH (lwrist) 2 £F (Fhand) 28D TR—IHEETETWVWS. 28, AR 3D K—
AHEERGR 2 IEREFAIRIE D2 VT 2D “FH LICE# L TR LTV 3.

ARETIX, Mehta & [9, 18] DIRELzunr—Yary~y TEEHVWE#EET VE
Hwad. ar—yarvy 7KL, BAELHMZE X RWVIEE OEBIINT 2 3D K—
AMEETINE LTIREEINZHDTHS. LarL, 2D FHE ED 2D K— X DRI
B 3D R— XD o—H% (2D-3D —Hi) 2EEBLHEETLTHD,
AW ESCIERMREGE A L72HE 3D K—XHEEICHHWS Z e T
x5.

0y —yar<y R, EEEEED 2D-3D —EMICEHL, 2D K—XDH
HifIE D & 3D R— X OBHEEIEZHEE T 2 /7IETH 5. VNect [9] T, BEAHAA
—a2—I N3y N7 ZHWT, ANEBRrb— Ny T H O —2ary<ey
TX,Y,ZD4oD=yTreMNTE. ZLT, Lk 402D~y IhoHEER
BD 3D KR—X%H5.

t— bt~y 732D Vi EoBEE 2R T _IOTHERDME R o TED, [HOKRD
EWAIEDS 2D BAFINIE Y L CHEE XN S, 3D R—XOBFIEEEX, b—t~vvy A
Ko TREZINT 2D FH ELOMB LR UL MEO RS —> a <y TOMEIC X > TH
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H,X,Y,Z
Input image

CNN
Regression

Yo 7o 3D joint positions

Location-maps value ( shoulder width =1.0)

-0.8 -0.4 0.0 0.4 0.8

K35 b—btvwvreuar—arvy 72HVE 3D R—IXHEEET LD,

N5, 3D R—XDOKEME j € J O 3D ZEHTOREE x5, y;, 2, 1 ERXRDOATRIND.

row;,col; = argmax(H ),
z; = X,(row;,col;),
y; = Y (rowj,col;),
z; = Zj(row;,col;)

H; X;Y; Z; & Bffi je JicMET -t~y Fenr—rarvy 72RT.
¥7, argmax ldb— b~y FTORKEE KRS 2D FH LOME (17, §) ZH15 %
B TH2. b—rvvFrusr—raryvy 72H0W: 3D R—XHEEETLOE
G ZX 3.5 1ITRT.

FHERICE, b—bxy 7 H; 3EGFHER EOBMEEZRS 2D Fvs v o<y
TeDI2WETEREEBIRS. 2L, ur—yary~y 7 X,;,Y;, Z; 3T
RTERINS L2 iRZMTEEEZBIRS.

Loss(hj) = [[H;— HS"||,

Loss(z;) = [[H" & (X;— X5,
Loss(y;) = ||HFT @ (Y; =Y,
Loss(z) = [HS" @ (Z;—Z5")|)»
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GT 3T —X2THZ I &AL, @ 37X —AfERs. X{T 3T — X a;
DED—RAHTH 2. ur—yar~y 7OEKERL, -t~y TOHHT—
2 HST 12X oC, 2D BfifEO D OMAEICEAT LT 3D BEiEELEE L
TW5 LT E 5.

Oy —>ary~xy 7iEDOD o SEERRFEIE, 2D R—X0BHifE YL 3D K—
R DBAHIEERE x5, y;,2; B2 5 2D-3D —HMEOAIZ Lo Ty y F2EEHL TS Z
ETHD. Thbb, ur—yaryvy FHEE, ANEBONFANRER ANB O G
SR 2B RETHE BRI 72D, 2HMNIX T TERET S 2L ICX2EAR
DD EE ST T ICETLDFEEBIRI e NTES.

Mehta & DIRZE L7z VNect [9] T, EFLDNR—R ¥ L TREDEGIRRITZECILA
A E TV % Residual Network (ResNet) [28] ZHWTW3. VNect Tld, ResNet
D resba UEDEICHDOR S L E PN R EZMHARAAR T —F 7 7 F v ITEH
LTWb. KBTI, »7—>arvy TEOR—RA 54y hT =212 Ke 5D1E
% L 7= High-Resolution Network (HRNet) [29] Z W% 3D KR— IXHEEE TNV ERE
3 %. HRNet I3 ETNVORARZME L TEHMREORBEZHER L0 S, BAAAIZ
FoTRIBBE L o RE L DLV F R —VBERBI RS2y b —2 %o
TW3. HRNet ZR—R ¥ LEnsr— ar~y FEEZHOVEREZEFNVE, VNect
DIV TINBT—FT I F xR B.

3.5 HWEETILORE LM

HRNet [29] N—ZADIRERET N L, Mehta HDIREL/cnsr—>a v~y FiEEH
W7z VNect [9] UGS 2. £72, IREET DN EA & W %2 & T E R FE
WHBWT 3D A—XZHETE S I 27T 5. Mehta 51, VNect DRX—Z % v
F7—2 & LT ResNet50 & ResNet100 ZHW=HEETLIZOWTFHEILTED,
FHEEHENE L HEEREE OB 2 & ResNets0 N— ZDHEEEFADEY TH 5 & i
DUF7z. RETH, VNect DFFTEBEHENEL T X=X 4 XEBHBLRREETNEH
%35,

AFOFHECLX, X—Z % v b7 —212 HRNet-W24 ¥ HRNet-W32 ZHWTIRRE
THEFEET D, W24 & W3 IEA vy NV =N TEAATNIFHEE~ Y TOF v+
NMEERL TV, 4 AT =Y DORMBEEAR Y V=7 2R 570, HRNet-W24
N=—ZADR/RETNTIRNATT S 3 20H 72y b T =7 DF v 2 IUF 48, 96, 192 &
7%. %72, HRNet-W32 X—Z2DREETNTIE, 47Xy b T —ZDF ¥ F:LiE
64, 128, 256 ¥ 72 %. HRNet-W24 X—2ZDRERETILOMEEK 3.6 ITR”T. KFD
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High — Resolution Net Location-maps

A N 7 )

-
stem net transition1 stage2 transition2 stage3 transition3 stage4

3x96 x 192 256 x 24 x 48 48 x 24 x 48

1x: y 4 y y y 4 \—“
24 x24 x 48

2x: N — R N |

48 x12x 24

4x: i . .
96 x6x 12

8x: R
192x3x6

f;aat:;e — CL?r?i:’DIUtion \dSOaVTV:P"ng /usZmpling
X 3.6 HRNet-W24 R—ZADIBRETNLDRY b= 7 =77 F v,

stem net TI& W DEIZREfRZR < AJTHIRDY 256 x 24 x 48 ICBEAIAENS. ZDI%
X, WMo TH 7y b7 =225 LTWL . 3D R—XZMKT 2 12 ORI
WZOWT, Theh 450~y 7 (H, X,Y, Z) PRERD, HHORNBE~ Y 7
DF % FIZ 48 L7125,

BRETLE VNect IZDOWT, HERLz7— &t v b % HWT leave-one-person-out
RAEMGERZBZRS. kbbb, 6 A\gO¥ET—XReMiEt7T—&%, ZLTHEDD 1
NTDT AT =ZZHWT, ETLVOFEEFIZE 225, IXRXRTDET IO
WT, AJTEIBIE 96 x 192 (it x #) ¥ LT, e— by 700X 1.0 T3, %
FRDAT I 2= NV@ENy FH A X% 64, 50 TRy 7§55, wELT7TLIY XL
(& Adam [30] ZHWT, #IHAZERIT 0.001 KHRET 5.

FHEHER e LC, BRI % RS MPJPE (Mean Per Joint Position Error)
Y, »5RMELLTOREICR 2BHOHE%ZRT PCK (Percentage of Correct Key-
points) ZHW%. I 3D K—X 2T 2O ER R Bl D1—-2 1 v
FEEHEY 35, 20X, F—XINERIC, BIED 1.0 5 X 512 3D R—XEEH
fELLTWd Z e IERT 5. MPJPE 3MUEICKZ KB ZZ T 570, PCK OJ
DI AUE IS U CREf@ 22 RHlTERE Y WX 5. F72, MPJPE (X FEMEELD 3D K—
2EMET DT, BOERERTARESED D 2720, 3D K—IHEEICBWTIX
PCK OF H3 ] f e e WR 5.

MPJPE OFHiifER %22 3.2 13 . RHIKIE, WL O OREIZOWTIXERNICER
T 5. EEROFEEIMERNCER R I N TWARWEEE (head, neck, torso, waist) b & A
PETHZ. M7 — X TRIESN TV A IEEFE T —RXCEERTVED, T—
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# 32 MEET—X T AT —XD MPJPE OfER.
‘ Model Backbone ‘ Out-scale ‘ #Params ‘ GFLOPs ‘ Shoulders Elbows Wrists Hands ‘ All ‘

Wik 7 — %
VNect ResNeth0 12x 24 14.5 M 1.70 0.019 0.053  0.069 0.079 | 0.044
VNect ResNet100 12x 24 33.5 M 2.97 0.019 0.052  0.067 0.076 | 0.043
Ours HRNet-W24 | 24 x 48 16.7 M 1.70 0.015 0.044 0.060 0.069 | 0.037
Ours  HRNet-W32 | 24 x 48 293 M 2.70 0.015 0.045 0.062 0.069 | 0.038
FALT—X
VNect ResNetb0 12x 24 145 M 1.70 0.040 0.218  0.387 0.439 | 0.201
VNect ResNet100 12x 24 33.50 M 2.97 0.037 0.215 0.379 0.434 | 0.200
Ours  HRNet-W24 | 24 x 48 16.7 M 1.70 0.040 0.215 0.395  0.467 | 0.204
Ours  HRNet-W32 | 24 x 48 29.3 M 2.70 0.036 0.202 0.393 0463 | 0.201

%33 MEET—X TR T —ZD PCK DGR,
| Model Backbone |PCK @0.1|PCK @0.2|PCK @ 0.3 |

Bt 7 — &
VNect ResNet50 91.98 98.53 99.56
VNect ResNet100 92.42 98.64 99.60
Ours  HRNet-W24 94.02 98.79 99.60
Ours  HRNet-W32 93.91 98.75 99.59
TAMNT—X&
VNect ResNetb0 48.11 65.74 77.63
VNect ResNet100 49.49 67.01 78.11
Ours  HRNet-W24 49.65 67.07 77.89
Ours  HRNet-W32 50.45 68.09 79.12

ZERIIEE T - 23 EEhTwiy. —hHT, 7A M —RERGBIh TV
FHPET-RIEZFEEFRTORY. Thbb, 7RA M T —XREIMIET—&2 & D b
EDRNER T —2TH 5. BEETNVOHNT 25 E~ v 71E VNect D 2 fFOKE
X5 TVBED, THEFER—ZAEF )L E LTHHLTWS HRNet 25, EfffRE~< v
TEHNT R0V RAER > TWb70TH5. £/, PCK ORIEZ 0.1,0.2,0.3
& L7580l R 2 £ 3.3 1TR7.

FELE 7L (HRNet-W24) 1& VNect (ResNet50) & D H 37 X ZXBDORKENETIL
TH5. Lo, stBEHENE (GFLOPs) £ %5 X X% A X (#Params) Z AHXTHYIZ LEER
T3, itHEMEDRVET L THE L EXD. £ 3.2 D MPJPE OfERD 5, 7%
ETIVIMRAET — ZIZBWT VNect & D B DOTRLICEWREERZRLTWS2, 7 A b
7= RIZBWTIE VNect DTBRWVAERZTRT. % 3.3 O PCK OfliRE R % &, 2
RETNVEBEET =X T AP T —=ZDMITIZBWT VNect & D dRBOVIERZRT.
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TROB, BRETVFBHAY O ANEBGIN L TEEMIC X DEWV 3D R—=X%
HEET 2 DD, RAMAIDOANEBIIH L TIZ X D REWIEZHEE ST 2550
HYH, ZONIEIZX > TIRREET LD MPJPE MERLTW3. EDZ ns,
HRNet X—ZDIREETNIE 3D KR— IHEDFHIT, —MANifEbh T PCK
BRI WT, FIREMME CHEEREOBATI D JuikiEz RT.

M 3.712, TR T —XDEALDKESUEBGEZ AT LT 5EFRET /L (HRNet-
W24) OHEERR O ZRT. 77 7HOEFEBORL 3D R—XDEMEEZEL, HRED
MSHEERERZRT. RITREINTWEeBD, ur—yary~vy ke b0
EETIMIEARLTWIZ ETLERICH LT 3D R—X2HEETE 3.

3.6 #EE

AETIE, BRCEE LMD X7 THRIBLZE®R2 S, HE 3D K—XHE
B IR TEZOWTIHERE, TRy 7~v > b elliolz2 i h X 7 DHEE
BEEREL, RGN 2 EEMARMEDOEBORBICOWTHENT. #EEETLOY
BriMlizB k257 —XEINET 27012, £FMAX T OETERY, ZHUCFEIL
723D BR—XZHUGT 35— X UFS AT LR, £, 7—XIGRS AT L%
ffioT, FHOEMERIGRL T —&ty 2R, EHRMAFERE AL LT
HC 3D R—XZHET 5729012, Mehta HDIRET 207 —>ar~y FE[9, 1§
Y H{§FEFRTE 7L HRNet [29] ZMHASDOELZETVERRE L. MRLET Xty
FEHAWTHEE T L DY L iz B 272\, HRNet ZR—2 ¥ LIIRRET D
IVRVWHEETHETES Z 2R,

AERZELT, 7—XIUFS AT LI K> CIEHEMAEE B L 3D R—XDF—&t v
FEREICIEL, v —ar~y FEEHVWE 3D R—XMWEET L EFE TS
e T, BAEAWEBDEHBICEWTS 3D R—XZHEEGLMHETE SR
L7z. L»L, RETIZ RGB-D 7 X J 2 MHICHKE LENE WIS RONLIRE R
THET—22URLTEDY, EROEFRE N TRKEDFE T —X2EDL e
EHMARXZEHAWIZEHD 3D R—XHE B 2 KELHFETH 5.
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Input image Estimation and Ground truth

+— ground truth
= estimation

. y
\.‘,.f:'

-+— ground truth
+— estimation

—=— ground truth
+— estimation

+— ground truth
=~ estimation

X 3.7 FEALGWEZETCHEGE AT LEERE TV (HRNet-W24) OHEEFER DI,
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EAE

3D BE{AINT MILEIC & D 2D R—XiE
E Y 3D R—XHnsRD 9B

4.1 KFE

AETIE, 3D HANZ Mtz &% 2D R—XHEE L 3D K — XIERD 7B DO W
TR B, 4.2 fiClE, RETHWSE2HALH X T DFE & G X 15 EffICOW TR
N5, 43 HTIX, BRT—2ERY —VERWEFERT -2 0INE L, FHiiHOHE
T =X DIERIZOWTIRRS. 44 fHiTiE, 3D BT MLEHAAAIZECD 3D
R—XHEEETNMITOWTIHERS ., 4.5 HiTlE, INELT—&Zty hEHWERERE
TILDAE LTI OW TN 3. 4.6 HiTlX, IBRETNLVORICERH L72\WL oh
DEMFFABEIZOWTIAN S, 4.7 #iTlX, FHli L EMHEZ D L ITREETNITONT
ERT D, miRIZ, 48 HiTARIZOVWTE LD S.

4.2 HEITILHMUAAXTCBEEINIER

3ETIE, HHROA Y Z7<v Y bEHWT, 2405 X F (Ricoh R Development Kit)
FEOHITH7=DI12EFE L7z, Ricoh R Development Kit (& 1F#E & HEE CTFREH L
COLYHERBTZ2IENTER. —HT, IXATHET R —2o~<vRZE» SRR
MIRREICHE G E 2T 2720, EEEOFEICH L THEHBOH NI XL I
DIENEZ R, WRXTOEENPEVWE WO R H - 7.

ARETIE, BE (27 ¢) T/NMY (£ 37.6 mm) REFHLH X T Insta360 Air ! &2, K
TARYY MRAT 4 v ZHOTIRICEE T 2. EELTWAIRT LIRSS H
BEX 4.1 1R, RETHWS2AA X 71X, THFALTHRESNSILMA (210°)
DERHI X T EZHNT, 2200 F—a~AXMEGRERIET 5. MB350 H
X ZEIE, I X TAHTOEBEREB IR > TWiRWeo, EEZEOHELIZIT
FRFICH & h 5.

thttps:/ /www.insta360.com /product /insta360-air
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4.1 2FMA AT (Instad60 Air) 2285 LT & RS 5 Hifg.

4.3 FEBAEAOERT —XERCFHERDET —XINE

3ETI, T—XZREWINET S LT, BALTWEZEZALHEGREZ AT Lk
3D R—AMEETNVE¥ETELZERLE. L2L, 3DKR—XD7 /) T— 3
I EEGRE REICINET 2 2813, IBAEZDNEAX 7 2HOWIGETHH L WE
¥(THY, BIRCEBE LA X I TRIBLZZEIRIZOVWTIE I ) —ER#ETH S, X
HICiE, BARBIEIT2D /3D K—XD7 /) 77— a U EDRF5NH X T %
NET 22X, e iEEiERE—Ya>F vy 7F v (MoCap) BEEFA L L
THIEHCRE DD BEETH 5.

ARETIE 3DCG Y7 bw =7 [31] 2o T, REMBREHFMA X7 TABDORT 4
ETNANERLYRV YT FEILT, 7T RIEEREOREES 2T 5. SR
HF— &2 ZIET 272012, &k 2—~>F—&4ERY —L SURREAL [32] % FIH
T3, ABIOEFALL LTSMPL 7 4 €7 [33] 2, CMU MoCap ¥— &+t v +
34 DE—Y aryTF—XEHWTHE» L, SURREAL TREIATWE T 72X F v %
FAWT, XEXEREE T2AF vy DRT A ETAELYRY Y IT 5.

XD EHARHEBRE T 572012, 3DCGC Y7 bV 27 ETHX T e EREZHEDKN
WEDY 3 XD ICRET 3. 31X, KAEH X 7 2HZBRORGMH X T DIEENE L[
UMEICRET 3. X512, HEOERE N TIXEEEDIEDHEE S I TH X IME
BIBEFT 2720, (DX SONMBEELYEY 7T iChbTricBiixEs. 25
MARXT7F %) 7L — 3> Y —)bocamcalib [25] ZHWT, 2501 H X F (Insta360
Air) DEFNRT X=X EZHIEL, REDXFICZDRTRXA—REFETH LT, H
UM E O TMARX T 5. BEORFMA A T EHWTEREG (B
A 50 FERE, BN 54 M) 2IRIEL, LRV VI LEARAT 4 ETLOERELTA
T 5.
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X 42 BEERHIPBHNEEND 2D /3D R—X7 /) 7— 2 I ERRERDH.

AR LIZFERT XTI, RT4AETLVZE» T XITEALL 3D =2 a >
T—=RE, HXTF ¥ YTV — 3 Y —)bocamcalib Z{# -5 T, 2D /3D K—XD
FAEINIE & PR 2 B ZICHBIS TE 5. ATETIE, 2D /3D R—XZ#R$ % 18 B
(head, neck, spine, pelvis, shoulders, elbows, wrists, hands, hips, knees, ankles) % &
5. 3D R— DKL, 250 H R T OMNBEIFERE L7z 3D 2R TERX
N3, KETEK, ¥EHFT—&Z21LT151,280 D 2D /3D R—X7 /77— a Ut &
DEREREZINE L. ERIPEN L BANOFER T —20fl%2K 4.2 1RT. X
Ti¥, £ NE 2D R—X0BfifEY R~ L, A ME 3D R—XOBEEiIEE L ~T.

FERECOFMEIH T — X bIEET 5. 2 Notph&FicehzhERN e BILT, 5 EE
DEIE (boxing, dancing, hands up, sitting, walking) % L T®H 6\, 5614 X Z Hi§
£ 2D /3D A—X%WET 3. 33 HOWERS AT LZHWT, &M AX FHEEE
[FEAL 72 3D R— X2l T 2 BIEiEEZ IS 4. Zor %, 3.3 LFEKRIC 3D KR—
ADIEFLZB 7% 5. 2D R—XORHifEX, 3D K— X DRI % ocamcalib
PRAWTEHLCEET 5. BEIFICOWT, BRNEEAT 500 71— 4502 IUE
L, &KT 5,000 OFHiiHDHE T — &2 2INET 5. FHiiHT— 22 INET 2 L ZITH
WEBBHEE Y 7 ME, &T —&2ERICHWE CMU F—%t v F® MoCap & &
TLLIIRIR B0, FEAT -2 LFHEHT -4 0 3D K- XD EHEEIID T D
WHERZ->TWE ZLIHEET 5.
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4.4 3D BHAIRY FIUbZHMAATEBCE 3D R—XHEE
ETI)L

BIRCEE L2l X 7 TRIBX N2 EG S HE 3D R— X EHEE T 584
T4 7T —FrEHACEHEETARRET S, M 747 e —-FIF, A
JTEGE» S 2D KR—XEHEET 5 2D R—XHEEH e, FH o 2D K—X» 5 3D

—X%HET 5 3D R—XIREZHAGDLE ST 3D K—XHEET L ET
2HETHS. KETIE, 2D R—XMEET LV EellaAEDLES 3D K—HRE &
LT, A7 4 —F74xY—Fxv b —2%2HW05

BET % 3D R—XPIRET LI, Martinez & [19] DIRET 2 2D K— XD F[H
L OREENED S 3D R—XZHET L2714 —F 75V —RFETMZ, 3D BT b
MME (441 8 ) & VD $BRBIE (4.42 #i ) ZHHlABEDE S Z T, HKICEELL
EHMA X7 EHWIEHE 3D R—XHEICH L2ET LR oTWVW3,

BIRICEE Uiz 2ih X 7 TRIGLUZERE A1 LT, B 3D R—X2HEE
FTERL T T4 VETLDORMGERN 4.3 17T, 18R T 2% 3D R—XEEENE, #iE
Xz 2D R— X OB ED A I Nz 3D BT bALZ AT LTWVWS., 2
FWEEDRI XA =R wid, I REOEUNDOEADEZRT. X7 X =& b3k
270y 7OREDIBRLEKEZRT. dL, I X—Xb=0DHHE, 3D K—MKE
TINIRERZET By VB WANI Ty 7 e RIZROSHEEEDATHER IS X v
NI ETNERS.

RT3 3D B— R OHEEET I, BEAOEERIT IR —& w LEET
Oy ZDL DRELERTRIRA—Z bITEoT, EFLDOKREX MM 2K T
%, EETFNLORDEELAMIZ, 3D R— IR 3D R— XDOBEHIFEEY | ]
M S EAHTFEIEAD 3D BT ML DAEFHWTHEERER I TH 5.

4.4.1 3D BH{IRZY ML

HeE SNz 2D R— X O LoBEfifiE LY, 25 A X 7 DMEZFEAE Lz 3D
22 o BAETEERE I [A] 0 72 3D BT R OVICEIS 2. 3D BT M ki, 27510
HRXT7F ¥ )T —ayY—)bocamcalib [25] &, ZInBEONZ 2N X T
DEFNRT X —RTHREINS., ZHUTE->T, 2D FHEH» S 3D ZZEA AT OIEHR
BENLREINS.

ocamcalib (3 FH L OBIFINE [u,v]” &2, ZRXIMEZFEMRL Lk 3D ZEHO~RY
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3D unit vectorization

>

Real evaluation dataet 3D unit vectors

Our lift-up model

\,.:L\/ ’
Fully-connected layer z
in:(w) —— Jih |
out: (18 x3) i I L
t Y

X

3D joint positions

Fully-connected layer
in: (18 x3)or (w)
out: (w)

X 4.3 BIKCEE L2 X 7 TRELZEIER»S, HE 3D R—XZ2#HET
B4 54 v Fak 2D,

MV [z,y, 2|T ICEHT 5. RFMARTDEFHFMEFEEZREID 3 KT ML
x
yl = {f(p) (4.1)
z

% (M44). 22T, p=vVur+02 THY, ZHABE f(p) = ap+aip+agp®+
asp® + aup* + .. WEF ¥V T — 3 Y —)b ocamcalib IZL o> THELNSE. BRIRIIZ
R 42 12Xk THARZ bV p 215 5.

p=——— " (4.2

I7y7z
\/x2+y2+22[

4.4.2 VD (Vector and Distance) $85<Bi&

Martinez 5 DIRRETEET VX L2 22 WTEEE2BIko72. 2HNAIX T
DN EZFEA L L7z 3D ZZEIcBWT, 3D BEHiEIEE 3D BT bLe RT bL
DREX (HEHE) T2 22 TES. 3D R—XILRET VD ASAH 3D BN
M VTHBZ e, 3D BEEEENEMARS ML Z s, IR
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(w1, f(p1), v1)

(uz, £ (p2). v2)

- —>» ocamcalib —

. (u1,v1)
L

FELOBEEEE [u,v]’

3D EEOARY ML [x,y,2]7

4.4  VHEH_EOBEEMNE [u,v]" 225 3D ZEDNT bV [z,y, 2]T NDOEHE
DR TRINS VD BKEABEZEANT 5.
VDLoss(P;) = XM0(P5", Pj) + MaD(|[PFT |, | P;l)

ZIT, P 3EEORHE j e J @ 3D HiEZEL, GT 13EMZET. VD HKE
Bix, ISR T a4 YEUE L EREORAEIC X o TS 5.

d(x,y) =1— ———D
e[| > ]yl

(z,y) = |z -y

AETIX, EBRABICE>THREEZ V=10, \=0.12733. VD EEEK
X, av A VEMEORERIHIL A S, ASD 3D AR b 3D BEE R
WD) 2B IR T X 3.

4.5 RETETILOFE Ll

AWML 7ER T — 2 CERECIER LAY — &2 2 HWT, #8527 % 3D K—X
HBRETNDOFHEZE 275 5. AETI, ELEOLDICHE T 25IEKERZZEL
T, FEHHT—2D55 7 Y XL TEAR 18910 DT —XEZHWS. FHiifERFEL LT
2RI DRZE %R 3 MIPE (Mean Joint Position Error) &, & 2% BI{EL N DR
W27 5 BT OE|IE % R3 PCK (Percentage of Correct Keypoints) ZHW 5. 27X
3D R—XZ T 2 %EMOHER R EHE D2 -2V v Nl 5. FHETIE
T — X DA IVERIRFIZ, BIEAY 1.0 12722 K5 WIEFIL L7 3D K—X%, FEE
AL 7211 O BIEICIEIC L 7= R (mm) T/RS.

ARFETIE, ITHRETIRESINLHBOMAIRA X 7 2HWAHC 3D KR—XHEEE
7L Mo?Cap? [22] , zR-EgoPose [23, 24] &, 3 BETHAEL 7z VNect [9] % LLlgon 5
L THWS. zR-EgoPose i3t —+~ v 7L 3D R—X%&fio/T a7 VLTI F -
Iya—RT7a—RETAERS. BRTE24T574 7 Fa—F0 3D F—XHk
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BRERI, 2D R—XHEEHEZHEHSIHEE T L 2L E L §5. FHICB VTSR
LCHW2EEZARY 71 —F 0 3D K—XHEEET /L VNect £ Mo?Cap? &, * v
Y —ZFEFTNVDONHET 2D €Y a2 —b e 3D £ 2a— VI35 2N TE5S. 2D
EYa2—LTE, b— b~y 7EIFZHWT 2D R—XOEHI B EZH#EST 5. 3D €
Ja—LTlE, ZNENPREET S HEICE - T 2D Y 2 —LVOHEERERDS, 3D
R—XOMEEELHET 2. NERFME 357D, 4 TI74 07 Fa—F i
RIBAREDETILE 2R-EgoPose 1%, 2D K—XHEEH L LT Mo?Cap? & Vnect
D 2D EY 2a—NOfEREZ[H > TER iz B 274 5.

U DI, HEBNRO S bE#HERY Fu—F% & % Mo?Cap? & VNect OFHE %
BIHS. Mo*Cap? & VNect 1FRN—RE KR53y b7 =2 LT ResNet50 [28] %
HAWTHED, 256 x 512 OfRBRED ANEBGD) S, 32x64 De— <y T2HITT
5. HEFHE LT, BEOIX T TRELLZEEHBRTO 2D R—XMEX A DT —
£+t v b MPII Human Pose Dataset [35] Z HHWT, #EET LD 2D £ 2 —L %
¥ET L, BEIRX T TIRGLLEE G HWHHEE 2B IR58T, £hE
NOWEETNVORECORMMELFE T L. DO T, 250H X7 THRIGL 2H
BIZOWTHEET 572012, ERLEFEE T —X2HWT, FHiFEBFEAET LD 2D
/3D B a— N T 7 A0 Fa—=2vTFb. T3 A Fa—=V T3 ANy FHAX
32 TT70 Ry Z7EIRS. k713 ) X4 Adam [30) ZHWT, #IHDEE
FF 0.05 ITRET 5. FHGFEHWTHEE LBREOREEZR T 729DIZ, ResNet50
N—=Z2DFy b7 —=27D 13 BETDT R v 7 DEEHIZ 0.001 ISHET 3.

R T % 3D R—=XIRE T, B L7228 T — X THEEBEADEEIR (VNect
, Mo?Cap?) @ 2D &Y 2 — B L7z 2D R— IHEERERE WS, EHRAr Y a—
MEANY FH AL X 32 T 70 TRy Z7BIREY, R#Eb71r3) X 4E Adam & #IHH
FEER0.001 TRET D, BEETNLDOT7—F77F %13, 4.6.1 HOHEIHLEA
8(w=2_8), BAETRyZDHRLEL (b=0) &5%. Db, KETHWS 3D
R—XERETFNVIRE T 0 v 7 2720, 2 BOLEEEE b OWHEETLTH
%. zR-EgoPose IZDOWTH, FRRDHER TR X7y a—), Jfb7ra) X L
THEE2BIRS.

MJPE (mm) & PCK@30mm DFHllif§R %25k 4.1 17”73, PCKQ30mm (FFEIIANS
KT, BET3 3D R—XERE T ME PCKQ30mm TERDEWEEEZRTDHDD,
MJPE Tl¥ 2R-EgoPose & DIRWIEE 5. ZOHER» S, IBRETMI 2D R—
AHEETBDHERED B WG EIZIEEWEEZRTH DD, rR-EgoPose & D HEEMED
K<, 2D R—XHEEHONIUEIZ LD REVWEELZITITWIeEZLNS. £,




3D B b URIZ & % 2D R—RHEE L 3D K — XHLGRD 7 29
K41 FHEH T — & ZHWEATHIZE L 2R E 7L O UGG IR,
VNect @ 2D £ 2 — L& DflAEDE

‘ model ‘ boxing dancing hands up sitting walking ‘ total ‘
VNect 195 (11.56) 187 (11.42) 156 (12.16) 144 (12.66) 176 (11.61) | 171 (11.88)
zR-EgoPose (p3d+hm) | 164 (16.60) 161 (14.59) 155 (16.86) 123 (14.46) 147 (15.43) | 150 (15.59)
Ours (w =8,b=0) 172 (16.78) 179 (17.04) 168 (17.81) 144 (18.43) 168 (16.77) | 166 (17.37)

Mo?Cap? @ 2D £ 2 —L & OflAEDE

‘ model ‘ boxing dancing hands up sitting walking ‘ total ‘
Mo?Cap? 313 (8.22) 277 (9.35) 251 (10.38) 220 (3.57) 285 (7.23) 269 (7.75)
zR-EgoPose (p3d+hm) | 151 (17.00) 165 (15.78) 165 (17.02) 130 (15.44) 154 (16.31) | 153 (16.31)
Ours (w =8,b=0) 186 (16.68) 184 (16.83) 178 (18.01) 161 (18.49) 179 (16.38) | 178 (17.28)

F£ 42 AWM ELIERRBEETLD T X — R4 R v TR

model params | estimated time on CPU
(ms/frame)

VNect (14.3 M) (454.230)
+ 0.3 M + 11.506

MoZCap? (21.3 M) (661.807)
+ 69.8 M + 745.415

rR-EgoPose (p3d+hm) | (2D module) (2D estimation)
+ 37.0 M + 25.830

Ours (w=8, b=0) (2D module) (2D estimation)
+ 0.0009 M + 0.086

BRERETNEIASNA T IA4 7T a—FD 2D R—XHEEHE LT, 2D Y 2 —LE
3%EFIFH L7z Mo?Cap? & VNect DEH 5 KD HRWVIEEERLTWVS.

RBEBETNLDNRTRX—=&Y A4 Xk, CPU (Intel Xeon @ 2.20GHz) TOEITRM % K
421RT. EFENONFEY 7 —FTHS VNect & Mo?Cap? IZDOWTIX, ZDOHEEET
NDNEZ ANEGD S 3D R—XZHEET 5 L TORENEZTENTVWE D, 3D E
Va—ERWz 2D BV 2 — L DADEZHEIMNICRTS. IBRET ML, T X—
ZH A X FATRE OB A CTHOHEEET LI D BTV S.

VNect @ 2D €Y 2 — L e flAEDOERZ IBRET LD 3D K—XHERMR DA% X
45 1R T. RHFOETNIATI &% 225000 X 7%, H51% 3D KR—XDEfHE, A
HNE 3D R— XDHEEMERZRT. FHICHWEEART — X LM THWEEF — &
TlX, 3D R—XDOBFIEEE TS 272DV MoCap Y AT LADEKZ729,
3D R—XDEfH L HEEFMROBHHEIZHDTOICELR > TV S.
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Input Image Ground Truth Estimation

X 45 VNect ® 2D EY 2 — L HAEDLELEREBET LD 3D K— IHEFE R
DA

4.6 REBEETILOEMRE

RT3 3D B—XLIREFILORKHICOWT, W Oh0BMFABTZB LS.
4.6.1 BiTlE, RBEETNVDOEA (w) &HEETH Y 7D DIRL (b) 287 X —&ITDW
TAMii3 2. 4.6.2 HiTlk, RETRZE L 3D B{i~xZ bfbe VD BEEBOER)
PECOWTEHIEIS 2. 4.6.3 HiTlX, A4 774 7 S a—FORETH 2 EfE% W
72 3D R—=ILRET N OFEOWTEHHGIS 5. &%IZ, 4.6.4 HiTlX, BH#E3 205%
TRYF =27 LTHHZIA TV S Mo?Cap? [22] D7 — Xt v b & HWiHiZ B
2729,

4.6.1 REETILONTX—4A

RT3 3D R—XWRETFTNMIZOWT, BANRTIX—Z% w=4w =8 w =16
, RETR Y VDL DIRBLATRXA =K% b=0,b=1,b=2b=3 ODAGOLETHE
L, #EeiHiizE 275, MJPE (mm) & ZDEERZDORRELX 4.3 11”3, KH
DEDZZ 7%, VNect D 2D €Y 2 — L DflAEDLEEZ, HDZ T 71 Mo?*Cap?
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VNect's 2D module base Mo2Cap2's 2D module base

350 350 nre
Is ® Ta ol$
300 300

_ 190 Weights g 190 Weights

£
E£180 o=/ = 180 [ — =4
& 170 — : -8 S 170 -3
160 16 160 16

50 50
0 B : B : 0

Residual Blocks Residual Blocks

X 4.6 EEETFNLD MIPE (mm) &R,

D 2D EY 2 -t DHAGDLEZRT. BHEREFIHELL TSI DI, v—
H—THEERLZ. ZDOLE, VNect ® 2D EVa—1 kDb, Mo*Cap? @ 2D
EY 2—UE 2D R—XHEEDFERNE > T\nE Z ITERT 5.
HEETTNDEANPKELRDIZY 3D R—XDHWEME X IV EL RS, LaL,
HAZREZLTHLHET—RIINT 20FENEID, Mo’Cap? D 2D €Y 2—Jb
2 X BREOMEW 2D K—XHEE (SLUE) 1ot 2EEESRL RS, BET ey »
DL DBRLIDWTHZ &, BYUIREANT X —XDRPTIE, < DiRLEZEEZES
T THERBEDN LSRR TE 5. 4.5 HIDIREE TV DM BV TIE, HEEMHE
e, I X=XV A4 XOBEPSEANRTRA =KX w=8, {DERLFTX—
Xb=0&795.

4.6.2 3D BRI MLk VD EKE#H

3D HfiiRZ ity VD BEEBOENEZTRS 72012, Martinez & [19] D
Bk 74— K747 —Fxvy bU =28, ZHUT 3D BT ML ZEI L 74
EET N, VD EEBEBTEE LEHEET LD MIPE (mm) ¥ PCK@30mm D
RER 4.3 11”7, POCKQ30mm DWW TIEERAITRT.

Martinez ©® 3D R—XHLRE T UZ, FH LD 2D R—XDRfifiEZ A 1L L
T, L2HBREBEHWTEEEZBIRS. KRETRET S 3D R—XLRET LT
%, 2D B—XOBHINED S 3D HiRTZ MLIZERT 2 2 TANTOIEHRE %1
LTV, Z0D 3D BEfiixZ b kiE, VNect & Mo?Cap? DRiHD 2D £ 2 —
NEHAEDOBEHEEICBWT, 2D R—XDAEANTZ2IDBBEBVEEEZRLT
W3, F7z, 3D HNT MULEBEHLZERE T LICBWT, L2 8RB VD
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# 4.3 RFET N L Martinez 5O MJPE (mm) & PCKQ30mm DfER.
VNect @ 2D £ 22— DAL HHE

’ model ‘ input ‘ loss ‘ total ‘
Martinez et al. | 2D location L2 | 194 (16.61)
Ours 3D unit vector | L2 | 183 (17.38)

VD | 166 (17.37)

Mo?Cap? @ 2D Y 2 —L ¥ OfAE DY

model input ‘ loss ‘ total ‘

Martinez et al. | 2D location L2 | 228 (15.89)

Ours 3D unit vector | L2 | 199 (17.00)
VD | 178 (17.28)

BB TEE UERE2 T2, VD BEREBTEE L-HEETLOA DR
WHEEZRLTWS., UEoZehs, 3D HAIRZ by VD BEEEIZES 5
b, KETEZRITI2EHMARX T EHAWEECD 3D R—XHEETFNVICEINER D 3
YEZ5.

4.6.3 EfEZMAV: 3D R—ILRETILOFE

4.5 FiOFER ¥ b2, ¥EHT—XDEED 3D K— X ORI L Z D 3D BN
7 FLTHE L7z 3D R—XIERE T LD MIPE (mm) & PCK@30mm DFfER%E R
44179, PCKQ30mm IZOWTHFEMMISRTS. £, 43 HITAEKRLEDH DD,
4.5 BiTOFEHITHWE D o727 =&+t v b (exclusive synthetic dataset) O EAfH %
WTHEH LR RT. B, BED 3D KR—XOBEHIEZ YL 2D 3D Hi~Z b
ME 3D R—RXD7 /) 7T— arhroIEFIcficions.

2D R— ZHEERGEER D 5 3D HAIR T MVICEBR L o 7 — 2 22 HICHWS Z 2 T,
2D R— ZHETITE LT 2D Y 2 — VI ADOFEEMWZ EATFENTE 379
—ENIIEEZHWZFE LD S 2D R—IHEMREZH V2 IZ S DPRWHEEET
neks, LhrL, %35 3D R—XIRET AT, 3D R—X7/7—>aYv
DEMEDAZE - 72%E T, 2D Y 2 —LVOMEMBELE - 7228 L FREOR
EEZRLTWS., £z, 2D BV a—LO¥FF b ThiRYy, T—Xtv b (ex
synthetic ground truth) O EfEZ AW EH THRFORELZRL TV,
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# 4.4 2D R—IHEERERZ W28 L BEEFY OFHiiiE R,
VNect @ 2D E¥ 2 — L ¥ DFAEHHE

’ training dataset (number of data) total ‘
2D estimation result (18,910) 166 (17.37)
ground truth (18,910) 167 (17.27)
ex. synthetic ground truth (132,370) | 168 (17.42)

Mo?Cap? @ 2D €Y 2 — /L & DA GO

training dataset (number of data) ‘ total ‘
2D estimation result (18,910) 178 (17.28)
ground truth (18,910) 177 (16.93)
ex. synthetic ground truth (132,370) | 176 (17.22)

4.6.4 NIFI—057—42tyv czRBAVWFHE

BIRA X 2 HWEZHE 3D R—XHEEICHET 3R TRy Fv—2 2 LTHfbh
TW3 Mo?Cap? 7—&t v b [22] ZBHWT, #8833 3D R—XILRE T & 1T
WSE [9, 18, 22, 23, 24] ZFHHli 3 5. Mo?Cap? 7— X+t v M TIX, 7 —XIERICHH
L7zFAIRA X Z DEF T X =R EN TRV, 2D EY 2 — LOHEEHR
R SEWL 72 3D BN MK TER W, 2D, AT 3D K— Xk
RETFTILET —XEy hTRBEINTWS 3D R— XD Y 2D 3D AR 7
MW EEEEZB RS,

AEITE, BETry 7O DIELE 20 (b=2) BIKS, BEA 4096 (w = 4096)
DAY VT =07 —=%T727F v i 3D R=—XWRETAEHWS. #HEET LD
NI R=ZH A X 67.5M T, CPU _LTOETHMIX 16.592 (ms / frame) TH 5.
X, N = 1.0,0g = 0.00001 OfREE L7z VD HEBEEEH VT, Ny FHA X
1024 T 5000 =Ry 7B Ik -o 7.

MJPE (mm) OFFREZR 4.5 1ITRF. REETNLVOMEMREIX, 2R-EgoPose &
Mo?Cap? & D $% 50, BEEFEICHED L T —EDEETIZ Mo?Cap? Eh B RV
FEEZRL TV, #EEMERD 3D R—XDfl%K 4.7 1”3 . RFTEAETNCAS
Mg, F50C 3D R—XDEfH, HHNZ 3D K—XOMERRZTRT.

4.7 RBREETIICOVWTOER

RBERT % 3D R—XRET NV, #HAEGDES 2D R—IXHEEE T VORI
CTC, EALEAET7TR Yy 7D DIRL AT XA —XZ2HETE 5. BRI, #HEER



3D HifiRZ b iz k3 2D R—XHEE e 3D R— YRR D 57 34

£ 45 Mo*Cap? 7—&t vy FEHWITMHR LIERE T /LD MIPE (mm) OFEH.

Indoor
model walking sitting crawling crouching boxing dancing stretching waving ‘ total ‘
3DV’ 17 48.76  101.22  118.96 94.93 57.34 60.96 111.36 64.50 | 76.28
VNect 65.28  129.59  133.08 120.39 78.43 82.46 153.17 83.91 | 97.85
Mo?Cap? 38.41 70.94 94.32 81.90 48.55 55.19 99.34 60.92 | 61.40
zR-EgoPose (p3d+hm) | 38.39 61.59  69.53 51.14 37.67 42.10 58.32 44.77 | 48.16
Ours 40.28  84.71 117.79 98.15 49.78 54.19 99.81 59.69 | 68.11

Outdoor
model ‘ walking sitting crawling crouching boxing dancing stretching waving ‘ total ‘
3DV’ 17 68.67  114.87 113.23 118.55 95.29 72.99 114.48 7241 | 94.46
VNect 84.43  167.87 138.39 154.54 108.36  85.01 160.57 96.22 | 113.75
Mo?Cap? 63.10 85.48  96.63 92.88 96.01 68.35 123.56 61.42 | 80.64
zR-EgoPose (p3d+hm) | 43.60  85.91 83.06 69.23 69.32 45.40 76.68 51.38 | 60.19
Ours 67.36  99.87  109.47 110.10 08.92 70.39 123.51 62.74 | 85.95

EDEW 2D K—ZHEET Ve MHAGHLEZGEIFY, EALEETRY 7DD
BUNRTR—=RERKELTEHZLT, 3D R—XMWEETVOMEE LT3 Z e T
x3.

NI A=Y A4 X ASNEGROIREILHHI L TREL BBV E BIERET L
DRETH 5. HED»S 2D /3D K—X2#HET 2ETNVOMBELZ A LXE 255,
b o & HHMATTEZANEROBEE ZKREL LTEREZER T I THS. L
ML, ZOHMZTTEX Voect , Mo?Cap? , 2R-EgoPose ¥ Db — bt~ v FZHW
FHEEETINDNRTIA =R AL X2 KELT L. 88T 5 3D K—XHRET LTI,
NI RAX =P 4 Z 3D K— X3 2L 2D R— IHEELOMRETIRE %
7o, ANEROGEEIMIE bR 57287 X=X 4 ZOEKEMHITE 3.

RET % 3D KR—WERET L OR D ENTFRIZ 3D R— X DBEHiIEZRE L 2D 3D
HBARZ MVERWEEMEEENTELZ 2 THDE. ZORBICE-T, 4 FF4
Y7 7R —FIZBIF B 2D R—XHEEGRE 3D K— XILEREEZ Bl 2 1228 TZ 57207
T <, 3D R—RYRREBDEE T ELR T — 2ty MM L TINET 25 2 L 23A]hHE
1272 %.

FIREIC S T 54 07 T a—F %2 H0T0B 75D 2R-EgoPose 3, 3D R—X
DAY Z4% 2D FE EIcEBR LB EO v — b~y TRV EEYE
DARETH . L L, FAIRAIXZ (5 LABETMNAXT) DNFEREDEADES
WX oT, FL 3D R—XTHFHEEICEHEEINDS 2D R—XFKkEL<ZEbS. &
D 2D-3D O—BMHi12 Xk o T, zR-EgoPose lZH X T DEEFE T X=X T LIZT—XD
IR HEE 2R EL T 5.
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AETIREL 3D R—XHERETFTNATIE, A TI7A4 07 a—FDOHIZ 3D #
MR Z ML Z AR Z 8T, T—RNEL BT AX T DEF T X=X DB
T, 3D R—=XMEICBIF 5 2D-3D —BMZUIDHiT e TE 5. BERINICIX, &
HiA X ZDEERT X=X EFHA L 3D BiRT MUELEY 2 — L EHWS 2k
T, IXTHBONFEROEBVWEHALADS ZENTES. ZUTE > T, —KicE
XN TV AHHATREZR 3D MoCap 77— Xty "D ORBIERTE 2 3D R— XD
HifEE y 2D 3D B2 bLEHWT, 3D R—XHERETFNVOHNL L= 7 — XN
LM AEETH D, Thbb, BRICEZELLZEHMNI AT (B L ITARD X
7)) ZHWHC 3D R—XHEEET NV EZHET B, IFFICKRERFEL LS 3D
R=RAD7 /) T7—=>a MEEGEZINETL2E8HZEWT L2 TEE. £, 2
i AT DHFZRDENE 3D BAART MULEY 2 — LI UIAD S Z 2T, &
RABNFZRD D AT HHWIGETDH 3D R— LR OFAH I E L 72 5.

AFETIX, 3D BfIRZ bz W 2D R— XHEEZR . 3D KR — ZHRIRE D 57
IZOWTiRRz, BET/PNMIDEHN A X 7 DEEHIEL, RIEIN2ERORHICO
WTilRTz, REBEOYPEHT -2 2HET 272D NTHRERT —XDER L, &
i DE T — X DINEIZDOWTHRANTz. £F0iAH X ZHEE AT L7zHCD 3D K—
AHEEE B2 72912, 3D HAINT MUELEMAAAR 3D R—YLERET L L,
BRI WS VD HEREEE W 3D R—XMEET AV ERE L. #4235 3D
R=ZYLRETNIE CPU L CTEKBETENEST 52—/ T, ZOHEHE S LITHIEL
LU CTRRBETHZ 2Rk, B8 T % 3D R—AHRET MOV TNL D
POBIMFAEZ B RV RICOWTRLT.

o HAYEAT O Y 7D DIRLRT A —RIZ X BHEEREE © 0 Z1L.
e 3D HAIRZ Pt VD HEKEBOE M.

o BEAY¥YH %\ /2 3D R — XHIRE 7L DT,

o NUFv—TFT =Rty bE I,

REOMAZEL T, LT3 3D BAINT ML EHAAAT 3D R—XILRE
TMZE, BIRICEE L2 X7 (B LA X ) ZHW/ZHAC 3D R—X
HEETNEZMET I, FFFICRERFEL LS 3D K—XD7 /) 7—>a vf
XEREINET 2AHLWBCE 52 BRI,
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Image Ground Truth Estimation

X 47 RNyVF—TDTF—XEy bEHWEREKETILOHESRDOH.
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EH5E

ZEE MoCap YAXATFLD7ORRA
THF

5.1 K&

AFETIE, FEEHOLO TR BERAQIGHICANT 72, 250 H X T % FHiz%
B MoCap Y AT 4D 7R b XA THHFEICOWTIEANS., 5.2 fiTlk, BRI AT L
D= R =7 DREBUCOWTIRNS. 5.3 fiTlE, 8RS X7 L CTHREIEZ B3
% HC 3D R—=XHEEIZOWTIHENS. 54 fiTlE, HE 3D K—AHEET VDY
LiMiiE B IS ART — X DERIZOWTIRR S, 5.5 HiTIX, B8RS 2T 40HEE
FERE, mEf@ME, EITHEEICOWTIHET 5. 5.6 HiTlk, EF—XEHWERS R T
LOEMFHEZ B 272 5. 5.7 #iTld, IR AT LADFHHICOWTOER 2N 5.
wRIZ, 5.8 HiITATEIIOVWTE LD 5.

5.2 N—FO 7K

FEEIFREME L IEFREMEZ VR o, BEOZEMZE-> TRHT 2 EFETDH
5. FaEO HEESHICEET 28T, FREEME2iRE L BB ZOEE AT
% End-to-End €7V [3, 4, 5] DIED, EHEH» S E¥EHD 3D K—X - FE - OED
RHEZ AN LTFERBEBIRITILFF v FLETIL (6] IERINTWVWS
TibB, Fahabak \DOIGHIZHANT 72 3E R MoCap > 27 AT, %ﬁﬁ@@%tf
HEFZ2 a0 PR iRIG T XA MBICRTMNAIRX T 2HEET LI NEE L.

ARETE, F—RApxy 77—~y RV FEHWT, »ZOHIGI/NEOR
FfiA X T (Insta360 Air) Z2EET 5. £, FHHEUSRETHD, »OoF 774~
BRIECHRATEZ X511, R—&F TNy 7Y —CEIER[RER/ N D GPU #E# >
Y7 NAR—=FarEa—4% (Nvidia Jetson Nano ') THC. 3D R—XH#EEZ B S.
N— Ry =27 DR EEEDZX 5.1 1R, &B, 7o b XAL T THWSE X 7%

https://developer.nvidia.com/embedded/jetson-nano-developer-kit
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5.1 EEM MoCap AT LD N— R = 7L L ZEEH.

SV INR=FAYE 2 XEHBN LM TAFETE AR THY, ~N—Fv=7
PR T 25T N RIX Z ORRRICER 2 & D Tld .

5.3 HOC 3D R—X#EEETIL

EHELIE2HMNA X T TRIGSINZHEE2 S, HE 3D R—XEHET 27012,
2D R—=ZXHEEH & 3D KR—XHREZHAEDOE S (4 T 74 7 Fa—F2H»
%. 3D R=AMEET VE, HIED»S 2D KR—X2#HETSET L E, 2D K—D»
5 3D R—ZANJERT B ETIICHIT S Z 8T, ZNFHICHE L -HEEET L EERRT
ETES. Fiz, 4BETERZELKL 3D BAXRT MU EEZHWSZ 2T, Xty
N OWESR ZNE o 7P B e B L THEMTE 5.

2D R—AHEEH L LT, MEREAAA= 2 —F )Ly N7 —27TdH 3 MobileNetV2
[36] ZFHW%. 3D R—HRERICIE, 4 BTRE L 3D BN MLk z i AA
ATRHHR 7 4 —F 747 —F3v b7 —2 [19] ZHWVS. 74— F747—Fxv
FT—21%, EA 256 (w =256), ATy Z7DL DKL 21H (b=2) THKT 3.
3D R—=AHEETNOLEEE T K 5.2 ITRT.

5.4 FPHEF@EHAOERT—XERK

HABRE T T, BRICEB LI X ZDHEBE 3D R—XD7 /) 7—>aVff&
F—RERBICIET B Z21E, BRED MoCap A7 A%FH Lz LT3R
D BEETHZ. FHS, HMI X 7 3ZRET 2EBICEAZELD, 2D M
HifiE & 3D BHEIEAA D —HEE RO L L, e AAFTEIR-722 LT
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: 2D H— XD 3D B~ FLES 2 —0
] /
] 2D BEFLE {
7
N

3D EfiNs b

3D K — XYLERER

rResﬁual_blocg1 i rResi_dual_blocgz L

Fully-connected layer
-’-_L Cl-\J_L + i (256) IN
out : (14x3)

I |
I |
I |
L - - — J4Lv - — _—

3D BIHEELR

Fully-connected layer

in : (14%3) or (256) Batch Norm Dropout 0.5

out : (256)

X 5.2 EHNMH X FERE AT L7z 3D R— XHEEE TIL DR,

SIEMERT 77— ary il s ZeI3FEIRELV. 207D, 2D /3D K—XD
7 T—yaffEEAMA X SERENTINCERL T, FEHLHiHO 7 — X
ty MEMET S, EAL R LZFIEE 4.3 HioHEERHWSA, B3 pEDIRCR
N3,

SMPL R7 4 €7/ [33] 82T 3D £E—>a>¥7—&& LT, Nagashima &
[37, 38] DRIBTFFET— Xty b 2 ZHVS. RENLEHNMS X Z OHIHINEZ,
KEDN=FRY 27 IZHEDELMNBICKE LD AT, LRV Y IHIZIERIMHIC
Peo A MO EE Z RN X 712525, 2O %, FEIA A T —MAT X i,
Y i, ZEoOIETEIRS. EEED 2D /3D K—X LT, 14 B (head, neck,
spine, pelvis, shoulders, elbows, wrists, hands, hips) Z#% 5. EKT 25T — X D
ZX 5.3 1TRT.

BT =R Z2HERT2ICHD, FHReFHITZENENELRS 3D E—>a v T —
ReBEREHVS. ¥z, 20X 70BN T2HC 3D R—XMEET LD
TN ZFHES 272012, H X TONMBLRELDOKE XEE X il 7 — X 2 AR T
5. B LG T -2ty bEE51ITRT.

’https://www.nii.ac.jp/dsc/idr/rdata/KoSign/
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53 LR L7 & EE (1) v 2D BEEIE (£F) » 3D B (5 ).
5.5 RBEIXTFLOFEE XM

HC 3D R—XMEE TNV EEKT % 2D R—XHEEH L 3D R— XLiRE%E, Zh
ZAERNZEE 2B 272 5. 2D R—=XHETLOHEET VX, 2D R—XD7 /) 7 —
Ya N EENEGREFE S — &2 LTHWS. 3D R—XERHOHEEE T IE, 4
ML7eT—=2D5% 3D R—XD7 /)T —>aryDAE¥ET—2 LTHWAS.

2D R—XHEEFOEE TIE 4.5 HiL FERIZ, EUHIZ 2D R—XD7 /) 7= =3
AT EEERT — 2+ > b MPI Human Pose [35] Z HWHFIFHE 2B IR, £
LB F—&22HWE 774 v F 2 —= 27 Tld, MobileNetV2 2R3 5 16
TRy ZD5B 106 15 7y 7OBEAZBELTHEEZE IR, vIIYER%
0.001 & L7z Adam [30] Z&E{L7 AT X262 LTHWT, Ny FH4 X 32 T 140
IRy ZD¥EEBIRD.

3D R—PLRFD2EE TUE, £K Lz 3D K— X OB~ Y 2D 3D Hhi~x7
MVERWTHEEE2BZRS. Rk 713V XL, Ny FH4 X, =Ry 78 2D
R—XHEHEFE L THS. 4 BTRESI N VD HEBEEKIX, FalERHRE N\, \d &
327 DICHBEPVE RIS, RETIE L2 BEEAREHWTEE 2B IR S.

FHIRNICAER LA T — R 2 FHWT, 3D B— XHEE DR © TR, &OH
X FE & B O LN T ZEEMEZ TS 5. FHMEHREX 3D R—X%2#KT %
R H PR D ELAE & HEEE DFRE T (MPJIPE) Z V5.

A X T DAE L A% & b ICEB S B F i 7 — XT3 2 HEER R EZ L 5.2 1ITR
TSR YFEUCA XL (ME : 875 mm , [HlEE: 5°) <X LT, B0
T 57 mm DFREDDH L. WA TEHOREZZCL bR o THEEDRAEN K E L
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# 5.1 AERLAFEHEFHEHDOERT —&%t v b.

. o | aem H R T ZEH) o
& | E—>ay | HEREEG i (07 | 1 (o) T — X
| 128 HiEE | BN 40 8.75 mm 5° 22.872

A
0.00 mm 0°
8.75 mm 5°

17.50 mm 10°
26.25 mm 15°
35.00 mm 20°
Al | 64 BEE | BN 14 | 8.75 mm 0° 2,528
EAL: 10 | 17.50 mm 0°
26.25 mm 0°
35.00 mm 0°
0.00 mm 5°
0.00 mm 10°
0.00 mm 15°
0.00 mm 20°

£52 HXTONMBELEEEE & HICEEX B 0HME T — X OHEEFEER.

‘ H R T EH) ‘ FRFEFHT (mm) ‘
fIiE (0?) | [I#E (02) | head mneck spine pelvis shoulders elbows wrists hands hips | total
0.00 mm 0° 10 15 34 42 20 44 83 102 50 50
8.75 mm 5° 14 18 39 48 24 o1 94 115 58 o7
17.50 mm 10° 24 27 52 64 36 66 120 146 76 5
26.25 mm 15° 38 43 83 102 56 98 171 205 120 | 112
35.00 mm 20° o7 67 133 162 88 147 239 284 189 | 165

2o TV, BHEIETIE, wrists ®° hands REDEIZNKREL, T 70—V a3 VOR
AL TVEHIOHEEII OV TIRAENRKEL RoT WS, £z, KOoFLHIZH 5B

HiTH A X IZAEIZEW spine & DB, pelvis % hips &\ o 72k X 70 5@ OEIHID
HEEHENRKEL RoTWS, X, IXINEEFRLEL L 3D EEoTr—&%
FWT#E, FHiiZ L Tw2 e FEReEZONS.

HC 3D R—XHEETNDNRIA—=ZF A XL, B 1 71— 2157 b OEITH
&% 5.3 1R, FHHEUAEEZR GPU #E#> > 7V HR— Fa B a—4& Nvidia
Jetson Nano "C 230.031 ms (4.3 fps) TEMET 5. WHEEH DEW GPU H D D Google
Colaboratory Tl 42.413 ms (23.6 fps) TEIfFT 5. 3D KR— RHLRARII ST X — KXY
A XBIEFITPNEL, 1.0ms RETEMELTWS., EFALDRT X —X Y4 XL EfT
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#£ 53 HC 3D R—AMEETILDRTIX—ZFA XL, HIR1 7L —205H7=20D
FATHRR.

NRIRA=RY A X
2D A —XHEEHS | 3D R — IR |
| 9.605 M | 0.290 M | 9.895 M |
| TR [ 2D R XHEERR [ 3D A XIREREE | AR

Nvidia Jetson Nano 229.352 ms 0.679 ms | 230.031 ms
(Nvidia Tegra X1)

Google Colab GPU 42.259 ms 0.154 ms | 42.413 ms
(Nvidia Tesla T4)

RERETDIZ L A IE 2D R— XHEEERICHE DA TN 3.

ARSHELEEEOT, b LLIRZEOWTALELH S BT — & icnf 5 %
RO ATED 7 7% K 54 T, MELEEDOES LS LEHHRKEL RS
Wb oT, HEREDREZLSRSED, BELOHHEB RIS 2HERENDE
BPRIODRKRELRBRoTWS., £, NEBLHEOZH ZHASOELIGE OHEEEE
BFENZRDREE R LEOEEEDREICKS.

5.6 ETr—XzBVI-E4ETEm

HEABORBIIBWTEAMA X FEGRE 2D / 3D R—XDT7—XZ2INHET 3
ZEBIFEICNE R DT, R A X TEBOAZIEE L TEWHEiZE 27 5. 3D

— ZHEEDORIBIZ K 5.5 12, KEHIZK 5.6 IR, £z, ANERBEFHMA X
ZHER I 2D K= AHEDOFEREZRITRT. KHFIZBWT, LEFNHEH X F
5O, N AT R 2 EF(iH X FHGRE 2D R— IHEERER, H5I 3D K—
ZAHEE DFERERT.

BT 2D R— XHEE DFEEDE <, KBTI < D2 OB THEE 23K K
LTW3. 372bb, 2D R—XHEDKED, ZDHRD 3D KR—XHLIRDAERITK
X WELTWAD. %72, hands, wrists, elbows 72 ¥ @ H HE O & \WEEHiIAY 2D K —
ZOHEEIRB LR T WEAILALNS. FU XS RELORE, \YMOEKTH-
Td, HERKRNTZHE KRBT 256000, KRBT Z2EMIOVTEHL 2T
E72 043, hands % wrists S A NERANTHERLOSWNEICH D & EIiZ, 20D

EROHRIO L ¥ DRGS0 2 Wik % 2 OB & 3R T 2 HM B A S 5.
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-o-{iE & [AEr =e-fEDH [E]85 D

180
160 o

= 140

=

~ 120

Q @

B 100

1

k80 o
40

0.00 8.75 17.50 26.25 35.00
0 5 10 15 20

hAZEE (LIE mm /Bl ° )

54 AT DNE L BHEROEFNC K 5 HEEIRAE DHER.

5.7 T7OMRATOXATLICDODVWTODEE

RET A MoCap ¥ AT LD 70+ XA F 0TS 55 & S DOFEIZOW
ThRZ. BT =X ZHWFHEIC & o T, RAMA X T DOALE & B LB H3H#E
ERERICHE RG22 2R L. MEBELEEDOESE SDEH S RE LRI -
T, HEBRENDHEN LD REL 250, HHRO AN T 23RAEDHENPKZ
{725, XOKMEOSWHEEZB IR 7012, I X FME L REZ/NE T 50
R, BN KBNS THEMNRPMBETDH S, e 2%, (Lm0 ZEH)
ZNEL T BTDITEET AN RADTHA YOMEZ BRI 2 2, REEOLHD
HEENSL TR0, AL ATV b2 HARA TG LEHE 2o
TANEBRZRILET 2 FEREDNEZONS. Fk, FI7V—Ya y2RELDSL
T2, WX TBOEMNE GDTEEMEDMHN R ESHETDH 5.

7a b &4 FOHC 3D A—XHEEET AT, HEEDETRHIX GPU 58> > /v
A—FarEa2—%&7T 230.031 ms / frame (4.3 fps) , GPU & D @ Google Colaboratory
T 42.413 ms / frame (23.6 fps) £ 7225 Z & Z/~L7z. Cherniavsky & [39] IZ& % &,
NHEDFEEEE D & R 2 RS 25812, 15 fps & REl % & IR 4 ICHEDHE L < 72
D, 5fps ZREIZ L XD —BE# L RZ2FbNTWVS. KiwXTlE, HE{GEH~L
HW7Filo B - BIIRANOICHZHE LTED, EEOZZEIIITERND
DD, 70k x4 FORTHE (L3 ps) BFHEOHBRMII T EX N5,
3D A — RHLREIIEEICEEL TV 72, V7 ARA LATEESE 5728121 2D
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A= ZHEETRICOWT, XOBETE®ER 2D R—XHEETFT L EZHVIZHEDLH 5.
SHEEG 2 W EWFIC X 5T, 5.5 BICTHOWAEERGRT -2ty b2HWLHE
iR Y, BT —REHWET7 74V Fa—=v 22 &->T 3D R—XHEENTE
5Zt%mL7z. —HT, 2D R—IXHEDEERTOFEIZL->T, HC 3D KR—
AHMEDNRBT 5B Do, XV EREREEETNVDOEEEZB IR 5201213,
BT =R TR RS EEGET -2 OIEE D7 — XDILFTIRD 5N 5.

5.8 &S

RETIX, AN X 7 E2HWEEEBER MoCap AT L0710 b XA THIFICO
WTHRTe, FFERHAZER L X 7 0EENMNEL, GPUBHOY ¥ 7 LKR-F
AV a—XEHOENA—FY 2 PRERICOWTHAR, EELE256H X 5T
BN 22 H5EHC 3D R—XZ2#HETEET VL, ZOETNEYY - FHET 5
TDDEMT — X DERICOVWTIBR, AR LIEERT —XEHWTHEET VE
HEL, BEiZr OHEERE DM, H X T OEH) ((VE L BlER) 1203 2 @ty
FITRENCOWTRHEI L7z, £7, HEAFORE FCTRB L2 M X JEf%
HWT, 3D RA—XHEDEMES B 272 o 7.

AREZELT, £HUAIXT7EHWEEER MoCap ¥ AT ADFRICEBITS I
Y 2AER LIz T, TR NRA TSI RATLARFETZZ 8T, BBV AT LB
5 SR DBE & BRI OVWTERE L 7.
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N |
P .
) o —
00 — .
X o T
N 0.5 q'(

X 5.5 3D R— XHEE DRI

-0.28

5L

-0.7:
-125

03
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X 5.6 3D R— XHEE D).
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E6E

AAXSHE

DI

i

71| e i Y

6.1 K&

RETIE, BB LM XS OBENCHT 2 HE 3D K—XH#HEEE 7 OEfd
PEICOWTIRR S, 6.2 BT, 28 LFHICHW2 A X FBEZELERT — X D&
BIZDOWTIRR S, 6.3 BT, FENRE T 2HC 3D K—XHEET LT DOWTHR
N%. 6.4 f#iTlk, HC 3D R—=XMEETNLOFE L, B X ZEHNT 2EEED
M DOWTHN S, ®&RIZ, 6.5 HITAREIZCOWTE LD 3.

6.2 FHUCFHERDEHT —FEMK

5.5 BiCT/RLz K91, BIRICES L2l X 7 oBENE, B 3D K—XHEE
DORBEICKRESEELEZ 2. KHTIE, FBEDOIXIMNEEREEL LT, A X770
(il e A2 BE X B 7228 LMl O &M T — 2 24K T 5. MELET—Xty
F2HWT, WSO DHC 3D R—XMEETNVZ2FHE, FHiiss I THIXFE
B DREEEICOWTRT.

BT — R EAERT 2 HARNRFIEZ 5.4 HiOHEEZHWSS, SMPL K7 4 €5
WV [33] ENS 3D E—ary7—&E LT CMU MoCap 7—&t v & [34] ZHWw
. 2ot X, BED 350 mm 12823 X IWIEET % 3D R— XD EEIEMRILT 5.
¥7, BT —X2ERTRIHD, FEHEFMTENENELRS 3D E—>a v
T—REHREZHAWS.

FERAT—ZTIEL XY 728, 3 RITZEMICBWTIERIME N(0? = 17.50 mm)
o FMBOBEIY, N(o?=10°) Ii-> /=M% T2 THX T2 EBEXE 3.
AR 7 — &2 T, (B RO ZEEZ 5 BRE ((IE © 0% = 0.00 mm 2>5 35.00 mm
T, BHE: 02 =0°55 20° £T) KHFTERTS. ERT 26587 —20fl%X
6.1 1R T. ZofITE, T —XIEFE—d CMU MoCap 7 — X S I LT
B0, BR2ZHAXSEBEIDBEHINATVWS. ERIIE 02 = 0.00 mm , [FlH5 o2 = 0°
THDH, FRUINE 0% = 35.00 mm , [A#E 02 =20° TH5. WELIT—XtLv b
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61 2D /3D R=XD7 /7= a AT EEREBRDH.

£ 6.1 HIXAZEBEHETSOFHFHEHOERT —X v b,

N H X T ZH) -
& | B i (o7) | e (o) T — 2K
Ea éi;i; ig 17.50 mm 10° 8,186
0.00 mm 0°
8.75 mm 5°

A | AN ;14 | 17.50 mm 10° 2,088
FAb 2 10 | 26.25 mm 15°
35.00 mm 20°

3+ 6.1 1TRT.

6.3 ABENROEBCS 3D R—XHEETI

NATI4 7 Ta—F WS HCD 3D R—XHEETINIZOWT, H X F7{8H)
RS N RE S 5. A T4 T T —FIE, MFOEREER 2D K—X
HEET NV ZHMARETH 2 2 &, HEZHWTIC 3D R—XDAZf-T 3D A—X
EREZFEHTEL L WHFRIC KT, EFHT—XOIEE L E7TVEROAHZE
BT 2FETHE. AETIE, 3D BART MULEHARAATHEEE TV BRET
V), Martinez 5D 7 4 — K7 47— RKET)L [19], Tome 5D zR-EgoPose [23, 24]
WZOWTEHES 5.
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R32x64x14
MobileNet V2 Heatmaps —‘
REETIL
A
R14x2 R14x3 I AN -
2D joint locations 3D unit vectors feed-forward x T

3D unit vectorization network 3D joint positions

Martinez 5

.‘\\ !
T
o [
T

2D joint locations  feed-forward
network 3D joint positions

Tome 5

32x64x14 /‘(\‘v\\ z
R TS
= =]
x Ty

Heatmaps  encoder-decoder
network 3D joint positions

6.2 A TIALr7Ta—FEHWEZED 3D R—XHEET LD IR,

AT 547 Ta—F0 2D KR—XHEEFE LT MobileNetV2 [36] ZHW5. 2D
R— ZHEEHZE 128 x 256 ¥ 27 L OEMEGREZ AL LT, 32x64 7L DE—
b=y FRMIT 5. 3D BIART MU ERHAAATZHEEET LD 3D K — YRR
DEALEREZTO Y Z7O#EDIRLIE 5.3 HiL AL THS. Martinez 5D 3D R— 4L
RERE, AN 2D R—=XITR->TW\W5HH, BAERET T Y 7DD IR LUITIERTE
TNERUTTHS. 2R-EgoPose 13 32x 64 7LD — b~y I, 3D KR—X
EWETITYya—X-7a—XETINTH5. 2D R—AHEHR 2 ED=Z2hZhD
Hd 3D R—XHEE DR E K 6.2 1T7RT.

6.4 HEEETILOFE L

HC 3D R—XHEEDFHHERE L LT, 3D K— X235 BFEIEEE O EE &
EEDFRAE (MJPE: Mean Joint Position Error) ZH\W2. %7z, 2D R—XHEE
HOFHMERE e LT, 2D R—XZld 5 FE b (¥27trHA) oOBHEifEDER
fiEi & HEEMEDFRFZE S (MILE: Mean Joint Location Error) Z W %.

%9 2D A—XHEEFD MobileNetV2 O¥E 2B 2755, FEHATFT -2 LT,
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# 6.2 MJPE (mm) OFHEFGR (& 02 = 17.50 mm , [EH5 o = 10°) .

‘ model ‘ head mneck spine pelvis  hips shoulders elbows wrists  hands ‘ all ‘
EETN (VD loss) | 81.44 61.56 74.60 86.72 102.39 66.42 109.93 163.47 197.66 | 113.15
BEET (L21oss) | 26.55 30.82 70.83 82.84 96.58 43.36 99.19 16391 199.44 | 101.14
Martinez & 35.27 41.79 89.48 9859 119.03 57.41 113.19 168.96 204.46 | 113.66
rR-EgoPose 48.35 59.39 87.22 104.62 123.68 67.07 134.75 219.70  261.08 | 136.58

2D K= ALzt — bvy T GlHEGZ WS, #IHFEEZ 0.001 & Lk
Adam ZHRE(L7 LT XL LTHWT, N FHA X% 32, TRy 7% 140 & F
%. KT 3D BN ML ZHAGAATZHEET LV REETNL) O¥FBEEB IR
5. ¥HHT -2 LT, 3D K-t ZOZWKT 2Hi~D 3D X7 b L%
HAWwa. 44 HITRBEINTWS VD HEBBUIEY) 2R 2HET 2 Z e p# LW
7=, VD #8REE W8, L2 HREBEZHWTEE LL 2 2OH#EETV
WOWTHET 2. BT LIV XL, NvFH AR, THEY 71 2D K— IHEE
HEeRUTHS. xR-EgoPose 1%, 2D R—=X» o4 Lz —b~y 7L 3D K—X
PRWCEEE2BI%S. %72, Martinez 5DOHEEETNMIE, 2D K—X ¥ 3D KR—
A2HWTEBRZBIRS. TRZNORE(T VTV XL, Ny FHA X, TRy
JIHEREFTAL LRI TH 3.

6.4.1 HRXSIBEYNCH T ZEENE DT

BT — X R CEE (& o2 = 17.50 mm , [F#E o2 = 10°) OFHli7— X281
BHEHREZ R 6.2 1TRT. ¥ET—XDOE[EZM o7 3D R—HREITHB N TIE, L2
BRBEBTHEE L RRE T AP REOHERE 2 RT.

BFEINC A X ZBER KE T 2B 7 — X128 % 3D K—XHEDEETY
(MJPE) %K 6.3 137, KHIZIE 2D R— XHEEH OFHlli %2R ¥ 7 LIV H
D 2D R—XHEE DR (MILE) R, BEINKRELRDIE-T, 2D R—
ZHEEHDOWEERERDPEL o T3, FHZ, ZETFT—ZDEBHIDRKREVWHIXFE
BIOFH T — & (I 0% > 26.25 mm , [#5 02 > 15°) IZBWT, 2D K—IHEEED
FEEDEMADIRZ RS, 3D R—AHLRERIC L % 3D K—XHEEDFEELX, 2D R—
AHEETOREE DB > TEL RS, REET N (L2 BREE) 133X ToOEH)
DFHii 7 — X BWTHRROHEEMRZ RT. 74805, 3D BT Fbziisi
AATHEE T T I X ZEENST T 2SSV S X 5.
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2D R— XHEFEER ——12% €7 /L (VD loss)
TXEET /) (L2loss) ——Martinez ©
——XxR-EgoPose

200 10
180 9
160 8

5140 7 §1_<>

£ 120 6 2

L

a 100 5 4

) )

= 80 4 =

=)

™ 60 3 8
40 2

20 1
0 0

0.00 8.75 17.50 26.25 35.00
0 5 10 15 20

N X ZEE) (ZE mm/[EE° )

6.3 HATOME L EEROEINC X 2 HEERAEDHER.

6.4.2 2D R—XDEEZ AL T3 3D R—XREPDFEH

2D R—XHEEHOH TR b DIz, 2D R—XDHEEE AL T3 3D K— Xk
RO FHEAE R 2K 6.4 1R T. 2D R—XHEEEHOHNICEMEEZH WS Z & T, 34
T4y 7 Ia—F0D 3D R—RILREBO AIEH U THEEREE L @2 7403 2.
22T, KN B 2D R—XHEEBD O T EZE (MILE) 1%, 2D R—X% Vv
7R NVHENICEER T BFRDOADIREIC L > TRELTWS. ##RET (L2 BEREE)
¢ 2R-EgoPose 138 7 — 2 OBEILLT (fI#E 0 < 17.50 mm , [H[#E o < 10°) DFF
fili7 — X CRBEEOHEEAE Y oTWa. UL, BREF (L2 8L 135
F—X I D RKREWEFHOIMET — RICBWTHHEREOELZMZSATVWS.,
bbb, 3D B—XERED ADFHIICHBWTD, 3D HARZ bALEHAAATL
HEEE T ME A X ZEBENN T ZHEEEDSEVWEE R 5.
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2D FK—XHEE  —~—12REFIL (VD loss)
EREET /L (L2 loss) -e——Martinez
——xR-EgoPose

200 10
180 9
160 8

E 140 7 £

£ 120 6 2

L

o 100 5 W

) )

= 80 4 =

)

o 60 38

40 2
20 1
0 0

0.00 8.75 17.50 26.25 35.00
0 5 10 15 20

H A ZIEE) ({IE mm/[EE° )

X 64 2D R—XDOEfEZ A1 T % 3D K— XHEERHGE D FHAfiAS .

6.4.3 2D R—XHEFBOHENZBVWTEE L 3D R—HLRIBD
it

rR-EgoPose 1%, 2D R—XHEETHICL - THRONZFEH T —2De— b~y T2 H
WTHETEILT, A7 0—Va YORELSSTWEMRZRAANOHEELZFFOH
C. 3D R=XHEEET L 725 (23, 24]. FET—XOEHERE AT T 5 2D R—
ZHEEEH OS] (b—bh<vy 7, LI 2D R—X) &, 3D R—XDHEMEEHNT
ZhPhOMEETVEFET . BEMCEEOKE 2 25Hfi7— 21281 %51
MiFE R Z ™ 6.5 1ITRT. TRNTOHEETF VBV TEMETEE LSS (K6.3) X
DHRWHEEME 5. 24U, 2D R—XHEEGRIHEEICRK T 2551 LT
JEEREEZ L T0Wa e BEZ oMb, K, zR-EgoPose I31ERET /L (L2 B
B L AREOHEERERZRT. Lo, AL LT 3D BRI MUbEHAAA
TEHEEE TV (L2 HBREE) 13 X ZHEENCN 3 2 @ViEE N C HEERE 2R T,
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2D 7R — XHETEED —-—RZET T/ (VD loss)
REETI (L2loss) ——Martinez »
——xR-EgoPose

200 10
180 9
160 8
E 140 7 g
£ 120 6 2
L
a 100 5 W
) )
= 80 4 =
) a)
™ 60 3
40 2
20 1
0 0

0.00 8.75 17.50 26.25 35.00
0 5 10 15 20

H A ZIEE (AIE mm/[EER° )

X 6.5 2D R—XHEEFBOHIITZFHWTHE Lz 3D KR — XHLHRHER O FHHi#E R

6.5 S

RETIE, EE LA XS OBENHT 2 HE 3D K— XH#EE £ 7 OFfd
HIZOWTIHBRZ. B X FEBEZHET 22012, (E L RO LE) % Bk E
{ LM DGR T — X DERICOWTIRRT . mEiEEEHRE ST 2 5 e LT, <
A 7747 7a—F A0 0D HC 3D R—RXHEEE T MOV TR,
AR LTERT—Zty P EHAWT, UROERLFMizB ko7,

o HEZHWTHEHE L/HC 3D K— XHEE O F i
o 2D R— XHEEE DO HHICEAEZ FWT 3D K— XHEREBD A2 H 5 2 5
e 2D R—XHEEEBDOH 1% FHWTEHE L 3D R— RS0 2

AREEZEL T, AL TIRERT % 3D HART bk ZHAAAZHC 3D R—X
HEETNIEH X FEBENN T 2EBELPEN E ER L.



o4

~shoaas €7 JLANDIEA

KRETIE, EHMAX T HWEER MoCap ¥ A7 LI &5, BHFOFEGE8%TE
TOANDBHIZOWTIAN S, 7.2 HITIE, KETHW 2 FEERHRE T /T DOV TIAN
5. 7.3 HiTIE, WA X T LEE LB ARX T2V FiElife s L0¥E L
FHIH D7 — R IERIC DO W TR . 7.4 H#iTlE, FEERRE T VO ANERICHEH T
570D, ®IHARZ THERE L EIRIZNT 2 2D R—XHEEIZDOWTIARS. 7.5
fiTlE, WA X ZERFTMNARXTDLBINE LT —Z e HWFiEl#E T L0
B e oW TN, |&RIZ, 7.6 HiTREIZOWTE L H 5.

7.2 :‘L@Fﬁ?’%?.: mu\;%k:ET)L

Li & [1] OFFHEHEDRFKE 7V (Pose-TGCON) ZHW3. Li I, 4 Y& —*v b
W2H2B7 AV AFEE (ASL) 77— X N—ZARLHJHEY A b5 5, FiiHiEOB)EZ [VE S
B2 TCAREIERT -2y VERR L., X512, 7—F77F v DERZEHOF
Ak T VR, BERELLT—&ty bE2HVWTHEE L, HEFHiiL7z. Pose-TGCN
i, Li bOEBRIZBWT, 2D R—X2 AN $57—F77F vy O THREDREE
ERLEFHERBESANTH S, NELLFHEHDO 7L — 2EGROFZK 7.1 IR




FAABME 7 LD 2

Gloss

e ' v e e G
Pooling —P W ! s |
\T/ Graph Graph Gr“i\ph 1
P Conv Conv Conv 3
| t i |
Tempese Graph Graph i
Conv Conv }
L A R N P
‘ \AW —— i
Ke1yf00||2ts / L ‘ 3 Residual GraphConv Block | X 2

GraphConv

time

X 7.2 Li5 [1] OFFEZR#E TN (Pose-TGCN) D7 —F%7 7 F +.

Pose-TGCN XENEND ANV 61550 % 2D KR— X (HEf{§FE _EOBEFINE) DR
RANT—2%, EENEIOBOLNE T T 7 ZORINTEAAD Y VT -7 ET
)V (Temporal Graph Convolution Networks) T®H 5. 12056 T Q@7 L —L%2H X
72%E, AN Xip =[xy, @0, 3, ..., 2] EDEBNE. 22T, x, e RE X KX
Jed 2D B E RS, Li 5OV Pose-TGCN X 2 D77 7 BAHAL I T
V=270 yipblkb. TIT, JIT7BAEAERIY YT =270y 7% 3 HEDFK
ZAY NI —O %R0 T TEAABLETHEING. ARETHW S FHERMET L
D7 —=FT7Fx % 7.2 1TRT.

7.3 FRCFMEAT—FOIRE

EFIALH R Z % WG MoCap ¥ X7 4% W Fifadakt 7 /L (Pose-TGCN)
2 - Tl 272002, ®F00H X T TR U BB D HHEE L HEE Z L DRk
H 2D R—=XZINET 20BN D 5. REITIE, F3%E L FMMHOFFHEDH)H
2R T 2 HIEITDOWTIER 5.

HRCES L2 T X 7 2 W T FEEEOHH Z IR T 5 7-D12, 5 EDAY
RNy RAFE R X F (Insta360 Air) ZHWS. Fiz, FALHNEA X 7060
il % % $ % 72912 logicool STREAMCAM ' ZHW3. /A X 7 2EE LT
FHEBEORIHIINHA X ZZF/FBEL, MADH X Z AW TTFHFHEOHHZ 7 L —

thttps:/ /www.logicool.co.jp/ja-jp/products/webcams /streamcam.960-001301.html
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7.3 R L= FREEFESE OB (LB MEA X7, T 25 UAX 7).

LL— b 30 fps TUERT 2. MADHIRX T OBBTEZMNBICRA Ny TUrvF%
REL, RINDH YV XEZEL T, BEOIERZIC 0.01 B OFEE CHILE %
BIRS. M7 —2of%K 7.3 18T, RFOEBIINEA X 7, FBIZ2GL
HRAXATTRIBLI-HEO 7 L —AEIRTH S, T2, BHIOXED X 7 & LI H X
Z OEBIIFEAL TW3.

ARETIX, FifHEY LT Li[1] 5D WLASL100 @ 100 HiEZExt&Re 32 (GE7.1).
7T NOWHEIC, FEEEER SETOEMLTD 5V, ZOMKTERAMA X 7 X}
fiA AT TGRS 5. UGk U8z FHALEE U 721212, X512 1 E3OOFEEEME
WKHET 3. ZHUCE-> T, &I 300 DFEEEZINGRT 2 Z 2. 28,
B ZEEDPFHEAEEETHD, FiC Li 57 —ZXR—ADEHEHEZHWT, F
FEHGEEHE LT LBk E FET 5.

7.4 FWEAXSEREE2HUA A SEROR—IHE

IER U 72 EhiHEiD &, FEERMET VDA E7RE 7L —L0ED 2D R—XZINET
B HEWZDWTIHRRS. WA X 7 THRIG L2 ERIE, &HEEE 2D R—XHEE Yy —u
OpenPose [2] ZHWT, 7L —2u@IZ EFEH e FHED 55 ROBFIMVEZIET 5.
OpenPose THUF L7 0 A X Z @D 2D BHfif & 2 FH _FICK/R Lz Rz X 7.4
RS, BB W TROCREHEE LB Z R L, HRIEBEESMEZD LITL
T EEZRT.

EHMARA T TRIE LB D 5, FiliBilT 7 VDA LD 2D K- X2 RfFT
570 AR 7510RT. 3, 2D K—XHEOHEZM LT 5701, 2D K—
AHEEHSTIX OpenPose ZFHWT 8 DOBE (&, &, W&, MmN, mMFE) Z#HET
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#R 7.1 FREREBOXRE T 5 100 HEE

accident africa all apple  basketball bed before
bird birthday black blue book bowling  brown
but can candy chair  change cheat city
clothes  color computer cook  cool corn cousin
COW dance dark deaf decide doctor dog
drink eat enjoy family fine finish fish
forget full give go graduate  hat hearing
help hot how jacket  kiss language last
later letter like man many medicine meet
mother  need no now orange paint paper
pink pizza play pull purple right same
school secretary  shirt short  son study table
tall tell thanksgiving thin thursday  time walk
want what white who woman work wrong
year yes

T l00:00.05.1 13 00:00.06.s
X o6

L —
_4L-§

7.4 OpenPose [2] ZHWTHIF L 720E A X 5 BHIRD 2D R—

%. OpenPose Z MW7z 2D R— XHEEF DMK 7.4.1 HiTHiABT 2 (X 7.5.(a) ).
2HNA R ZEBIZNT LT OpenPose THEE T X 2BHiIX 8 DDATH 2%, 3D
R— ZYEIRER S FIRRIC 8 BIfli . L THFEE 2B Ik o7k, HFEEEZB Ko7 3D A—
ZHEERHER, 3D HfiRZ MILEY 2 — L B2HASDOET, 2D B—XHETIC X -
T En 2D BEifiED & 3D BAfiFERR 2 HEE 5. FHRITOWTIX MediaPipe
[40] % F\WT 3D BEFIPERE 2 H#EE T 5. 2D R—XHEEHR TR SN TFEHOME Z L
LTI DRV Ei{% D2 5, MediaPipe Z HWTFHD 3D BEHEEZHEL, 3D
R—XYRER HHI I X3 3D BAfiEEE e #5325 (K 7.5.(b) ). o547z 3D B
HiEAE D X7 SFEHESRT 5 Z 2T 2D EfiVEZIIS 5. kB, Ldomtx
THUG vz 5 BET (B, mH, WE) 2owTiX, Fl7 L —20xHE D X ZH
%2 HEUS U7z 2D B EZ FWTises 2 (K 7.5.(c) ).
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(a)

2D K REEH

EHIH AT EE

2D BIENE

EEEMEER

(b)

/3D Bfiry by | |30 K- XHR | - 7 B v/ N
Va2 2 — -1_
2D BIETE g vis

15 10 05 00 —0.5-L0-15
x

3D EEpEETR

15 10 05 00 -05-10 L5
x

3D BIRREELR

FiEOUIEEER

15 10 05 00 -05-10 —‘1-.%-(
15 10 05 00 -05-10-15 X
X

wEEo 2D EEuE
- TED EiiE
3D EIE I XZ FE® 2D BEiE

B B BoEOUEzHT

HEA A 7 @R

2D BAEAE

75 RITNH X FHEEE>S 2D R—XFEE T3 ut X.
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7.6 OpenPose % W7z 2D R— XHEE DA

7.4.1 OpenPose ZAWz 2D R—XHE

5.6 HIDEMFHIICHE VT, BT =X ZHWIFEEIC K o TRAMA X FEBRD &
3D R—X%HETE S 2R, K 561717 X520 L OG5 H THEER
FEOER MR, AHITIE, KDEREOHEZB 725 72DIZ OpenPose 2] &
2D R—XHEEFRITH W 2 J7EZ IR 3.

HMA X ZHEBE 2 DOMARL v XA THREGE SN EBRTHEK SN TED, 20%
F OMHR% AJ13 % & OpenPose TOMEIZKRMNT 2550355 (K 7.6) . MFDOE
FIcid, EEAEHROAIRLY ¥ X2 & o TR Al FOHEE KB L TWa. 5l
DEBRTIX, ENOMNENEGDOARL > XTHWED, —ADAL LTHETE
TW3. HHOmEGETIE, AL > R BEERINE > TED, HEBEAT
WTH 2D R—XZHETE TV, HEEIKRET 258 IIMINT 57DI12, &6
H R T TR U7 HEGICHTUEZ LTHh o OpenPose &5 2D R—XHERT 5.

OpenPose W7z 2D R—=XMEEZ B 27257202, £FHMA X ZHEBITH LT
MEFEMBREADOZER) ¢ THBRORE ) @ﬁuﬁ&@%%b& 5.

EEMAEBREANDOEH  2AMNAXTD 2 DOFIRL ¥ X TRES M HBIZOW
T, TRENOE B EKLT 5 X S ITIEEMFERIEN 25 5. ZHL 0§
¢ OpenPose Z W7z 2D R—XHEEFER OB Z X 7.7.(a) 1ITRT.

EROFES | EHMRREADZEEIZ X 5T, OpenPose Z Wz 2D R— XHEE %
%\Mhﬁzubt LA L, &F500H X 5137 D2 &P % E IR X% TR
TRIHRD, BIEGEERE_ EICHEANET . ERMFEEGE TS
% Z 2T, AR L o Tolix i v ARG X4, OpenPose % H
W7z 2D R—XEMETE L. #E L 2D R—XOFiEZHASGDE S Z
T, EEROERMAFE®RICET S 2D R—IHEDFEREGL Z N TE 3.
HROFEEZ Wz 2D R—=AHEED BN 2K 7.7.(b) 1T, KFOFRALE,
e LB EZ R .
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7.7 (a) ®ANLA X ZHEGD 5 EEL 72 IEFEMFEEBGIC OpenPose % W7z 2D
R—=ZXHEEDHI. (b) #iE L7z IEFEFIRE IR OpenPose 2 W7z 2D R — XHEE DA,

IEFEFRRIEN DL B O E B Z Z & T, —HDBEEITIEH 5% Open-
P%e%ﬁmtmﬁﬁw2D$—xﬁi#f%5_t%mbt.z4%@éﬁﬁﬁx5
Ei{% AT U7z 2D R— IHEEER T, JTEif§ e Wi LT, TERMRRIENDZEH)
¥ THGORESE ] % LZEBISN LT OpenPose ZF W= 2D R—AHEEZ B Z 2w,
FRBEO W OHEER R %2 2D BfifiEL: LT N5 2% (K 7.5.(a)).

7.5 MEAARXFEEHFMAXRSDT—2ZRAVIFE
fif

MNHEARXZ RGN HRTDENZNTNE Lz 2D R—=XDRY| T — X% HNT
leave-one-out RAMGEEZ B IS, ThbE, EELEZT7T ANDT—XELy bDH B,
6 Nd 7z FHHWTFFRMET NV EZEEL, BOOD 1 AR ZHWTTAMT 5. IXRT
DN EDHAGDLETHEEE T A M 2EML, ZOFE2HW TG 5. FHfifs
B2 top-N D FEREEZ AW S, top-N MG E X B EICB W TE T ILOHEER
RO LA N DIPNCIEfR S NV REEN LR R ITTEIETH 5.

Li [1] &Rk, IELT 2D R— X 2B BELEN Y LE2EY 57 (T
H| A e REXE) ¥ LT, #3250 7L — L% Tl ET VDAL T3, Li
HDEEBEATTNVOEAEAYEE LT, Ny FH A4 X 64, 100 =Xy 7, Fi#H
ft7 a3V X n% Adam T7 74 ¥ F a—=27F3%. top-N= {1,510} DFERER
T21TRF. 22T, 2ANAXATDT =R THEBELIETNEZRTNAXTDT A
FF—XTEFMEL, MEHAXTDOT—RXRTEEH LEZETIAENHEIATDT AT —
RT3 5.
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£ 72 2HMIXTENEA X Z %W FERCE 7V DRl R.
top-1 top-5 top-10
RFHNM A X T OFFHEEE | 50.32 77.99  88.48
XA X 2 OF-FHENHE | 85.48 98.27  99.33

FHEfE R & D, AN H X T OFREBIED SINE L7 — X & Wz top-1 7 FErEE
X 50.32% , MEH X 70 ER LT =X 2 HWI25E1X 85.48% TH D, 2o
top-N= {5,10} iIZBWVTH, WHH X T TINELZT—XDHFBPRWAFREEERL
7=. Z4UZ, OpenPose DA %ZHWT 2D R—AHEEER B IR o 7=MNH A X T DHEIRIC
X UT, £A06H R FEBRIEBROFELHAGDETVE 10, INEET 3 2D K-
DREEMRWZ X EREEZ 50 5. RIS, £HNMD X ZHED S DEBRY)D k&
RO, iKY DE D25 T MediaPipe % HW/=FH6D 3D BHHETEREHEE
WRIS 2 2220, @F00H X ZHi§D 5D 2D R—APERICKIT 2 61% K 7.8
WRT. M 7.8.(a) & (b) TREFNEHFAMA X ZOHEFITL > TENAT, MediaPipe
WX AHEEICRBML TV, X 7.8.(c) TIEXMFDEKL DICX > T, MediaPipe 12X 3%
HEEITRB LTS

7.6 EE

RETIE, BRICEE LM XS TIRBL-FEIEC K 2, BEOTHER
WETANDHEHICOWTHNZ. FF, Li[l] 51X 2 FFHEHGERE 7V (Pose-
TGCN) IZ2OWTilR, KIZ, Li BAHWETF—&+y F WLASL100 @ 100 HFE
WZDWT, 2 AR T exfEA X Z TR 7= FaE8E O IER/T R DWW TR 2.
Wl T, INBR L - FaHEE0#E D &, FGilikt 7 VO AN o7 2D K—
ZEWEET 2 HIFEIZOWTIBRZ, 2FMA X 7 e Tl AH X T OFEBIEH» S0 L
722D R—=XDRANT =2 ZHWT, FFEBMET NV ZFEEL, iHizB ko,

ARERBE LT, MHE A X 7 TIER L T OpenPose T 2D "R— X &RIET 2 FEITHEAR
T, FiHEBEDHORBEIXMEL BRoTW0W3d 0D, £Fih X 7% H\iz2EE% MoCap
AT LEFAL 2D /3D R—=XHEEIC X - T, BIFOFHERMET LV EFHTE
5L
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OpenPose & MediaPipe
HERWER—-HERER

3D R—AHEERER XZ FETD 2D K—X

-15 -1.0 -05 00 05 10
Y

S e

105
-15-1.0 -0.5 00 05 10 15
Y

7.8 ZBIALA X ZHEERD S D 2D K — XU DI
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8.1 ZAHEODXE®

ARk, BIMARX 7 EHOEEME—2a Y% ¥ 7F v (MoCap) ¥ AT A4
WHET 2MEEZZ DD TH L. 1ZUDIC, HEREHRZ Y DOIEREMM 2 Hwi-F
FEOH - BRI T 2 BEREDO WL O ORI TE 3 FEEFTLOTFEE
B WonWTHARTz, FEEHLO TR B2 EH T 57201213, FiEH
D BRENE & JEIRIE O G2 RIRHICEIS T 2 0 E0H D, 207 DttiAL LT
EIEH A 5 B HWEEER MoCap AT LARERL, FOEEFHMOMEEZEB Z
otz UNCHIEDE LD TH S 3ENS 7T BOMELZEN L, REICSHOHHE
ZIRNG.

3ETIE, MDAy 7~y Efio THKIZEZLIE2AHM AP XF (Ricoh R
Development Kit) TGN 5 EEMARRIEOHE G S 3D R—XZ2HEET 2 /514
WZOWTHAR., F—=RIERS AT 220 L, WELLEGKE 3D R—XD7F—%
ty FEHAWT, BAAAZ2—TF 03y VU= EHWEHEEETVEEY, G-
L7z, KEDFEHF—XZ2NET 2T, BIKICEE L2250 X 5 OEif§R)»
53D R—XZHETE2 2L, HARRE FTREDHFE T —X2HED 3
CEBPRERFETHLZZRLT.

4 BTIX, 3D R—X#EZ 2D K—XHET & 3D KN — ILREBIC B S 2 84
T4 T7TR=FITBWVWT, 3D BT MULEEHAADHEEE T MOV TIE
Nz, BT —2AERY =V E2RH L TREDFEH T — &2 NTRIZER L, 277
fih X7 (Insta360 Air) ZHAW/z 3D R—XHEET T NLDOEE iz B 27z - 7-.
3D HIRZ AL EHAAALHEE T T WX, BEFOELIIZ & b U CHEE R
KRTIEZRVHDD, BEFMRICIIRVEERREDN D2 Z e 2R L. ZOFRIE

— Xty bOIEE L EE DO G IZBWT 2D R—IHEEH & 3D K— LR %= 57
MTEx222Thb. bbb, 2D R—IHEEHICENTITIE 2D R—X7 /T — =3
AT EWGEEIEL, 3D R—XILRFICANF TE—RICAB X TWw3 3D MoCap
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T—=Xty ’rbH, 3D R—XLZDHMRT ML ZIETZZETETAZFET
5. ThiCEoT, BIRICEE L2 A X T DEGD» S 3D R—XZ2H#HEET 3
WKCHToTORELZRETH o7, HARRE FTCORBOFE T — X EZINETHH
HEBRTE2 2 EBRLT.

5ETIE, 3E-ABTHEONZAMAZAHALL 0 b &4 T X7 LDHFEICON
TRz, N9 RNV R T =239 75 =TV EHWTNIOETT LA X T A
L, GPU##H > Lr—FKa ‘/l:":L—ﬁ?’i)ﬁﬁL\f:/\—— R =72/ L7 B

—RERY =V TIEE LT —2ty FPERHWTHEE L 3D R—XH#EE<E
7»%7Dh&%7yX7A®A~FW:7Lf@@é% R—XHEEDIEE, X
Z DN & PEROEBENI N T 2, FATHREZFHMEL . JfE LT &L
AT A, 3D R—XHEEDREE, mEEE L FITHRICBOWTHENIBETH - 72 Gf
X 5.7 iz ZHR).

6 ETIX, BIKICEB L2 D X 70BN 52HE 3D R—XHEEET L
DIREMHICOWTIANRTz, AXFEHZHHRT 572012, H X7 ONE L [EfRDZEH)
T EBERNCREL LEFHEFHO G T — &2y b EMELE. 4TI 07 Ta—
FEHAVEWOD2DOHAC 3D R—=XHEEET I LT, a7 -2ty FZHW»

THEFHiiZ B 2720, 3D HARZ FoUbefAAARZ BT 3D R—AHEEET L
DA X ZBENN T ZFEEESE W & 2R L.

TETIE, BRCEE L2 A X 7 TIRIB LB X 2, Li[1] 5 OFFH04%E
7L (Pose-TGCN) NDHEAIZOWTHN. Li H3HWAT7—&+ v b WLASL100
DFFEHFEITDOWT, BRICES LR A X Z L0 A X Z CRIE L 72 8 % I
BRLTT—Xty bEWEELL., 256D X ZHEBICONWT, 4 ED 3D K— X
JEE T I OpenPose [2] & MediaPipe [40] ZfHAGHE T, FahibikET LD AT
FEARICHEHA T2 2D R—XEIEE L. £z, MED X ZEIGICOVWTIE Li 5 2[H
FRIZ OpenPose DAZHWT 2D R—XZINE L. TR ZNDHRX T HIE LT
T—=2ty FEHWT, FEERRETAZFEEL, Mz B IRo7. MHAXT &
OpenPose T 2D R—XZIET 2 HIRITLART, £2H6 A X 72 W2 HIEEFFHR
RBREORBEIXMEL RobDD, 2HA X ZEHWIEER MoCap AT L%
FIFHL 7 2D / 3D R—=XHEIC L o T, BIFOFFERMETNZFHTEZ S Z L 2R
L7.
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FIREEEREIIS S 2 2DDRGMH X 7% HW2E58 MoCap > 2T 412
TEIRRBAMEDOEREMRTH S, v A 0t EDOOVWLKIREBIZOT 5
BN, NIDOETTRIA X T % EET 2 A NS & 5 -0 REM ORI H % 5
T&E3. ¥/, IXTOMNEBEIRTZIL T, HORBERLEDE VIO FiFH
REEZZERAICDOWT D T — RIENIRETDH 2. X512, ®IFMAATEZHVWE L
T, EEEOHGREEZ I TRLALOBREEZHGHRE L THRFICEHIETZ 2. &
REEL EADN - RO HERZ FRHICEG L, BREEZED W 2B 2
T, sGEFDOFERH - BIERIZ TR, SEIERABRNOICHEMSFTE S, 2
20X, HEABICBW TR 2O B AREEEZ L T0 2581, [MZB;ATYSH
DIFERZEEGD SHIMT 2 L bAJREL 1R 5.

AW DOR S KELE#E, 4 BED 3D BT MUIic X % 2D K—XHEETR L
3D R=RMRFH DT DH 5. T4 —F 7 ==V 7 %HLE L7GEFE O E D%
BIZED, 3D R—XEERXBVWTIEREDT ) T—>ayNETF—&ty FDIFE
DERBDEETHS. LrL, BERICEEZE L2 X (B LIEARY X F) O
BEFMILZ 3D R—XZINET 22X, SMERTE—arF vy I F v BEEF
LU THIER IR D0 2EETH 2. 2D/, HARRERE RTIERLZKED
T = RIIFER T, AR BO LB CIXER T — X LR Y — L2 W TKED
T—Xty NEERL, FEEBIR o7, 3D BT UL EHAIAATS 3D K—
ZHEEET T — ROIER L FE DM FITBWT 2D K—IHEEEFR L 3D R— Xk
RERZ DBEECZ 5. bbb, 2D A—ZXHEERRICHNTITIE 2D R—XD7 /) T— =
UATEEBEIEL, 3D R—XHEREICHENF TE— RIS XA TWwW3 3D MoCap
T—=205 3D K=& ZD 3D BfiiR7 b ZETH I TENLTNLDET LT
HETED., ZOTFT—XNEDTEIC X 5T, BIKICEE L-2H NI X 7 OHi§D)
53D R=—XZ2MET LD/ TORERFETH o7, BHAREHE N TOT —X
NEOAH TR TE 3.

8.3 SHDFE

SHOFEL LTKREL 22025173, 1 2HIE, @HMAIXT (b LIZARY
X Z) BHWEEER MoCap ¥ A7 A& 3 3D R— XHEE DIEE & EITHE DA
FETH2. 5 FEDOTH N R TR EFMC L > ORINIE DI, HXTDNMEYL
R DIBER A 7L — a TS SHEENE  FITHEE DM EBSHRORETDH 5.
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2 0HIX, IBEIVRATLZHEAT 2 FHEORM - BERET VICE T 2R THS. 7
BIZBWT, 2D R—XZ AN T H2FFHHBELNRE T 2RMET ANDHEHICD
WTiRR7z. I DL WBEHFEOFE X O - BlERE 7 VICOWT O Z M3 %

I, FEEPOLOFFERM - FERE T LI OWTHMEDPRETH 5. ThbE,
ABGE 2 BGRERE LTHHATE 2 22, MEOFHBICRHEILTE 2 2 \Wo 2%
A MoCap ¥ A7 A DR ZED LIGEE P OLOFERi - BlEE 7 LR S
BOFETH 5.
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AT BI T LN LTEEDRIHD, ZLOHDITHE, Zthhieh
hE L7 BERICEHOSELFL ETET.

F9, AHETIERY: KEBE TR EM LSBTl ERIHEBERICE < HFL
LU EFEd. 2018 4 3 HICHEAIEBIRAHMRD L h - R BEWLEE D, #it
HIFETOIRERE 25 EZ I CHI 22 2 5 ROHEDEI I E Lz, B
FHEBEIIFUEENCR 53, I XERGHETIIRE, THHEEZLE L&
DEEHE L £7.

[ E R DR E80%, EAR BBIRICE, RO 85 2 e 2 A&FE L TH
T, FERXBVWTREERIENR, CHEZHZELL. $k, AEROR L E
WEIZICH, BERCTHFEE, BELCER, CHSEHES I LA L& b EHE
BLZT.

TN TR REBEER T A MReEH L AR OB RH 2011, &
M OINBBEEE 2 Z e B REF L THEE, Wit7HTANOSHOIE» S, &
HLECER, CHESE2HEEELE. LDEXDEHEHLES.

HH R TR KEBRE TR HR T ER 02 REHRIE L E@LE L BT
9. FER - WAEBIROEE T AMARECHE L2 T, PUEIc, B LT
FIEINCI DO Z e TEFE L. MEOILHIARIIEBFHEIRY, X%
BRGHCTITHNTHEZE L. £/, & - BAMEZEOYEDHE I AL DR, FAD
B IHFEL I D FTEHELZDDII LTI NELR. LDEDEHHLET.

FEXROMEH E—8RiciE, MIBRIROAZCHD, SFXEhINETHE
¥ L FERORFIL EBHFICIE, 2011 FIBE T LR cofeEH
Br L THigeeE 2 LCIHEE L. £/, BEBRIEFERCAEZRLITCSNTRIC
P TCIEHE X L. HE TR EEHE TR BRI PROBH 201213, &
FRIOWHFRD T ERCERICOWT IHR I B THS, HAERRE ZHENTEEZ L
7o BRRCTBINTEW BT, EMEBRIAEREICAF L, MICED T Z & AT
XFELA DEDEHBELET.

BRI LRIAREADOEZICOWTHEE L, EIEE LR TR BETL & D K
HELET.
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