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Multi-person 3D Pose Estimation Using Human-and-scene Contexts

HE Jian-Hang, SUN Jun-Yao, LIU Qiong
(School of Software Engineering, South China University of Technology, Guangzhou 510006, China)

Abstract: Depth ambiguity is an important challenge for multi-person three-dimensional (3D) pose estimation of single-frame images, and
extracting contexts from an image has great potential for alleviating depth ambiguity. Current top-down approaches usually model key
point relationships based on human detection, which not only easily results in key point shifting or mismatching but also affects the
reliability of absolute depth estimation using human scale factor because of a coarse-grained human bounding box with large background
noise. Bottom-up approaches directly detect human key points from an image and then restore the 3D human pose one by one. However,
the approaches are at a disadvantage in relative depth estimation although the scene context can be obtained explicitly. This study proposes
a new two-branch network, in which human context based on key point region proposal and scene context based on 3D space are
extracted by top-down and bottom-up branches, respectively. The human context extraction method with noise resistance is proposed to
describe the human by modeling key point region proposal. The dynamic sparse key point relationship for pose association is modeled to
eliminate weak connections and reduce noise propagation. A scene context extraction method from a bird’s-eye-view is proposed. The

human position layout in 3D space is obtained by modeling the image’s depth features and mapping them to a bird’s-eye-view plane. A
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network fusing human and scene contexts is designed to predict absolute human depth. The experiments are carried out on public datasets,
namely MuPoTS-3D and Human3.6M, and results show that compared with those by the state-of-the-art models, the relative and absolute
position accuracies of 3D key points by the proposed HSC-Pose are improved by at least 2.2% and 0.5%, respectively, and the position
error of mean roots of the key points is reduced by at least 4.2 mm.

Key words: multi-person 3D pose estimation; keypoint region proposal; human context; scene context; absolute human depth

MBS NEAT A VON R ERERCR, T2 N T2 i, B85, APIACH, BRI RS 55 1
SR, RS2 AR SR T S k. B A S IR OB I R e, UM BR A AN AR SHAEFI A AR (8] 47 B 08 AT H &
B 3D NARLEZSAGTE RIS 5K SR B ARG 71 3D AN AR SCHE s A . Bl T SR A AR 8 0 ROBE SR, AN BB
EIGR KA 2 A3 5¢ 3D B — MNPkl vk i 1. 2 A3 50400t 3D AT A AR 3D LA X
JSE), 3 e N AR B R AT T () 9 R A T (LK 88 ). A XA JSE g N AR B s 1R 10 2 85, ST A 1, 6
U IS B 2 LR N AR T SO0 B ZERh R B e AR DGR i S AEAL I B BE B, DRIRAHM AL &, A7 A
CNEIINASSE S 3775 ol N & =5 S

MR RHIZ N 3D ARGV BT T (top-down) Al EJE [ I (bottom-up) P52 73E ™. AT A T 7k
Wt s P KRS 3D 335, RERICNAR B TR SO i, BTGk s BN S0 B BT A
FERT I3 e A () N A OCEEE  TR 8 — Tk B2 3D AMREEES. BAR BB 0 AR I St b R 3¢, AR AR VR BEAL v T Ak
THH.

Moon % A\ PR H A T i) FAESE, 3T A A 3845 A AR FIHE (bounding box) FFREME AAASEBE S FR (A 1
JITR) ROBEEN A RS DR 7, 42 IO K8 /N B A0 BB T AR a5 IR . 462, Guo 26 N PHET 2D ARSI
JUBEAS IE DR 438 1N A RS f T A AR Ak )2 . R T, Moon 25 A AT Guo 256 AJEF 3D Seih U AR E 2D A
A 75 RAE R B U T 3 5 TP ARG I NAR 2. R ik, Dabral 45 A PUl I SRE & Bl R EE ) 3D AR KB IER
FE R F, AR NS BAASAR ERR A Vg . AR, SR s RS s bR SUE B, CE RER -+
AR MG TH IR H BRI LR B

Elbow Hip

Shoulder Hip. .Elbow
() NMEBHEHE  (b) REESRR (o) “HE R

1 BT N FHE RO R G AR

Zhen %5 N4 IR ) RS0 2 A 3D BT 7 ik, R IR M4 351 5% 2D Sk B K LR
(part affinity fields, PAFs), A AAAHXS S 4% ¢ B Wi, T2 T A PR ER B A AR QIR S i 2 N7 5% 3D %538,
HH AN S N ARSI, 3% 7 10 AR R B AT 9. b, Wang %5 A O H P B (R 1R B3 BEHESE, IR B0
A SR R AT IR AN Y FEAT 58 BN ARAE X AN LRI BE A T b TR T3 5 b 00 22 b A ROBE, AR R B A T
WA [ T AR 7% Cheng %5 A\ T8 SUBEA A T A0 1R L 942647 5 73 52 3D Ao, Rt & 913k 13
T s . RS T VA RE I AR 5t bR S, (EUR B T A A A AR T B . Wang 258 A S5 8 1 T )
N B ) b 43 S AT AR RN N AR A T, WS R S 4.

BEARIES BT N A AR _EAEZEEEAT 2 A5 3D ST A, (B2, BT/ 20 T AN &
TR (1) He T AR IR P AR N AR AT SR 2 15 e 75 (R 52, 24 75 R AR B AR B G R BB, &
FEHE T8 5 I 3 At N, A, b % 5 THT 25 5, A0 1(a) ZEZRMERT S, (2) 2 3R 4 iR BE A U1 o R BL% 11,
55 A IR A7 0GR AR T PRl A T £ 3% T ) e 2

RTEE 1A, 2D L A5 THE T O Rl B O A B FEIHE SN A bR S S PARAIG 7 8 S5 e A PR e Y
s LB, IRl et A A U AR URK, T LR B G G, AR 1 A DG AR, B A
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TR SZ PR, Lin %5 U3 F AR 2D S8 i A, AR SCHE i XA A 1R 3, fgfs WA R b 75 5t
AR A A5 T AR, SREVE A 110 DR P P A vy B T 30, Sl P R B I S A AR S 332 I T Al
TP AR 285 10 it DAl /b G5 a5 I gt s A U (ELE ) OGS A B AR S O R, RIS N AR fh i A AR
ALK 2 AN, U Reading 25 N T AR IE 04 43 JE M S AT 5L H 3D H AR, A7 T A 1 IO £ 42
I3 5 bR SCRAF AT BAT R 72556 2 N 35557 3D A T A IRIE I )8 A s X AR, SRl A 3 Sk ok
N RUBEAR S, 17035 00 D B B N A RS % 260 o Y% A U1 (1) 7 AR

A SR G AR R 3 bR SO R AR R 5 SRR 4 U0 RSO BT RO 40 S 4%, T i) R 43 SR A
R R AR BB RN EL FEIHER IR A H AR, FAe T S5 . 108, BRI 05 B O s X Sl iE
FIR, M AT A SRR IR B A R HE DB A OC R P2 R (1) AH S S AR L BE . RS ) 4 S DA % T T v P
BOP TR I 5 bR SORM =478 M ARAL B A A, TG ARG 5 BN SO ST A AR 2680 iR FE . AR SC 25T
[N/ U

(1) SR HBRUA S 4%, F TR B 43 SC8EE T OR8N AR | 3, BRI B4 S 3 T = 4 % h) 42
Bz R

(2) $ H A IR P R A A A B SCHR IR A 2, R S S DR SO HER A Ak H b, BRI K B A B
DRl R O R 1 o3 559 T 2 0 /D W 75 A

(3) FEH T S5 N SO S04 R S SR R AT, B AR 5 1R SO/l 028 T
LS R T

(4) T2 FFE 4 2 MuPoTS-3D F1 Human3.6M (#5546 25 L W 5 [F 2R G EREBUAR LG, AR HSC-Pose 1)
AEG L] 3D S m AT EORG B 25/ D4R 780 2.2% 1 0.5%; M SBE p A7 Bt 22 25 /0 A% 4.2 mm.

1 PRI £ T SRER

K AT R AR BAAR B R S, 3 N AT A AR SRR iR G R AR, e OB i X AR B ik A
P H bR BE S 0 2 PRARTS M P AR TR SO, AR A R IBR K B A5 W 8 DG B p O Rk A A1) e 75 AL 4,
DAFR 5 DB RO B A TR . A DG I 2% 1 i S OB o X R U B KRPM (keypoint region proposal module) £l
YRR )5 0% R L PKRM (pose-relative keypoint relationship module).
1.1 EiECxBE L XIEgR”
L1 SR X I

T N AR ICHEE 1 Je (0068 FEUAE BN (e, Wi P, 0) 5 61, k€ {0, K — 1}, K ZRIRBRAR ICHE 5 2 A A N A B A
BH, w=0eRyeR]", w,eR, b e RAG, € R/ MFESELEMEFOAFR, B8, BIATHER M. DGR & 1T &
REAT (s Wi B, O) . #3251 T3 A1, D p o FELAE AT MR RS0 1 335 1 2, R 8 R 7 S5 75

K1 BasicBlock! A4 r Ly 43 2 90 25 1A, FRE (1] 1 199 288 3000 a4 SR P € (€ e Ry 1 [ HE ] i
M (M € RV ) SEAR LN NAROCEE ) KT BAE. ok, H A0 w23 5 3RS N UG 1 i
FUGEIE. S 2SI 25 R 0] U5 0 285 41 i SCHE 2 o, 40 2R C Sk B8R 3 p 275 8 T AR DG B ri X dek, M e ]
BARF p XTI A KA B A1 FEE (g, W, P, 0, 5 IS LA 1 e A2 0 3o A% 3% p A0 LA H 0 1 B
BRA U =, + 0y, 0, € R BORIFE AL, p, € R2 FRNEEE p IALHR.

R 3% 3 B AR R AE ] NMS (non-maximum suppression) T8 M 10043 28 ] € $RER A% 3E A ARAR ¢
B R, T AN OCBE 0, R AE P M P SR EBE AR K AN B R OC B A DR L.
112 f ke Bt

A L1 8 L2 BUR BB e, Wi, By B0, , T BB N TRRTE BL0E wy, by R 6, 1T HLEANSHUR AL L FR
AHEANSL. Ry 7 A8 G R el X Sl U AT e 28 o N ARG B ROTF I/ D 1 SO 5 I B, A Ak Lk 280 A0 R
A0, VA PO BT 2 i OB SRR, O& A4 /N EL R HE TS AE IR BE 229 50 . D ik, JRATISR T vt 20 A G B S D,
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FEIAE, 36 71 S H0 A {1 0, 1 R 0000 0, B A () v 307 20 A < 1) % KL R 56 T KL HUS o 83 it 40 R 8 KLD
(Kullback-Leibler divergence), #1123, (1).

(Axcos 0.+ Aysin @k)z (Aycos 0, — Axsin 9k)2
- 2w/ (24) 202/ (22
Hrp, Ax=x— %, Ay = yo— 9. AR ELHIES J 250 AR w770 A 1Y 3-Sigma WU, B A =3, HEiMid S5k
7 AT 5 O 5 78 56 2 S RIGUE B A =3 M A M, PEILE 1 BURBREL KLD ik o, R Ry A2 w B iy
W3 e v R A o, R ALE 000 58 22 TR A1 2K, 49, TR 22 (Axcos By + Ay sin,)? BROK, W /MY KLD (il # v w2
FROK, KR AT BRI HE ) PT RB8 o 2 T OC B A

KLD +In(Wy/(2) + In(h /(22)) (1)

Gid 141G =g

sampling

Ix1 CBR BBxI 1x1C (/20, V;oa i’m éo)

# Backbone o C\'ﬁ.
- /
BBx2 | 1x1C
| (l&ka ﬁ}ka ;llo ék)
- 4156 N
o ///%6‘
G |~ N Grid  JixI L
sampling ,
i 1x1 CBR: 1x1 Conv+BatchNorm+ReLU BB: BasicBlock 1x1 C: 1x1 Conv

2 SRS (KRPM FLR)
E WRONE NS U ERSPS Fki . e

FHEY J R 2 KRB R (%)
1.0 425
2.0 81.3
3.0 92.1

WAL Ax, Ay, Vo Ry TIUAE 8, , B9 BR K KLD J6 5 ¥ G FEIAE e 4 £ 241 6, . KLD KT 0, 1 5
AR ), /T H: (1) B ERETRUANZR, o, F1 Ay IIZEAEDBOR, KLD 51 0, A P2 (o, B 0, Al 2%,

(2) B4, [cos,sind]= [Ax/ \/(Ax)z +(Ay), Ay/ \/(Ax)z +(Ay)z] i, 30 AL KLD 5T 6, (i 2 HCh 0, BEHA 6, S
ZARAE AL FEHE R ) [Ax, Ay]T .

OKLD 1 1 A A A A
=217 [W - ﬁ] (Axcos6; + Aysin6,)(Aycos 6, — Axsin6,) 2)
k

80, 2
113 Ao X 3
N TR R AT 45 R B S s AL R HE S 5, SR RS RAE GS (grid sampling)!" WA X (U5 1 M0 4
H) BEECOCHE SIX A IE. AT Rol Align'™, WA SRFERI T FUAT 5 AL A IBIHE py, W, By RO, . B A%
T NS Ak (DB IE A L, € REHWe - |y W, 43 5I30R L, R 5E. L, MR EALE o THAFIER X
X N R FERL B ay , WA (3), (W, —1)/2,(H, - 1)/2]" R L, AR KR,
cos B, —sin6; H Wi/ W, 0 }(a [ (W,-1)/2 D

R @3)
0 h/H, (H,-1)/2

ay = [l + -, ~
sin 6, cos b,
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1.2 BEESEBHXERXR

TR YN LR AT I A OB S OC R, AR A W AN AL U T S S R R SRR SR A5 B
AN RUOCR, FATRAARAIE N 5 1 AR (1 ST A U7, BRI, 4T sh A S MO R BB TE 2
ST ARG R AR B bR, AN S SCHE R DI 75 R AE R A L AR AE SO0 IR 22, ML () S e A AR I 32 1
Mk 75 PR S0

AR SCAE GRS At DX SR AR UK St b, £ B DX R AIE,, DX X i P AR A R 48 2 LA 25 D 28 7
RRYZ A SCIPR ) S DG R, BB A% b SNt 7 A 2R P B s . ST I Rt oy D B (1) AR Bh A KB O R,
JIT R SCIR)NAR SR A5 1) 14 S AN 45 AN AR 5, 24 i S IBEAN T B A S B DR, DG o DX Sk gl s AR A R R 4
JUATTHRG HE 25 (AR AR T AR K. (2) A6 B8 O A ¢ R IRl 1 s RS A A 0 OB s 0GR, B B SR I EEAG 1 ¥ o B A1
PSSP
1.2.1  FEBEARE AR

SR A1 DX I 3 N D R TRV PO 8 S 0, IR WS SR BRI AR AR, IR IR S B DX SR T S
KA ATHEPE. BRI, B 10 75 A R R S A DR SOC R IN ) — HAR. TR RS KLD Wl 3R W3 A6 155 A4k R
T, S LR AE RS N TR R, 2 AT (2). AR A SR a7 A L B A5 O X Sk PR AE Ve
BT Vioise P Ly AT I RUOC R AL, B ARG I 75 i) 17

AR, S R P E SC I DG B a5 (410 30T DX 5k, T4 H PR G Bt i DX IO A A, 25 G B IR (R 7 B L 0. Ok T kb
KA, RFANARLEE TUATRRAE (L =4t ) it W, 22715 04 S R ) () 07 B 29 R0 (3% B B AT G %) 18 A A
TI SO A IR) 1) B B AR RS, SRA IR SR s — il 1, k) € &) RSB (-l k) e ) . ARG IR B &5
FURF T A 1) 9 2553 B BB OB H0CA K(K — 1)/2 B ¥ SRR AERLEE H0CA K(K — 1) BIASHmB RRAE. S 2R
FAEAT i % R AE AT G PHEE IR Vio . & RN MBI B R HEOEHAR B, Vo MU INAT EASE (1 OC B £ R AT
eSS E N EE A4S

BT Ly Vieise s Vieo VEAR RS A1 005 S FERAH COGBEE RO R M TR, 3B AABAT LA R U il HE% 4
REOHE U Ly s Vioise s Vigeo SRPHAHNN. i) B F0K, 1R F 4 -0 5 (squeeze-and-excitation)!"™ 3k 13 %1k 8h 5 56
BERTOCRIVMRE R,y € ROK R H SRR U 1] 3 T,

Eéﬁij—‘i%f(?é

~

Reshape
Sigmoid

X
a
=KxK

Channel=64

Channel

GAP: 45 F ¥4k 1x1 CR: 1x1 Conv+ReLU 1x1 C: 1x1 Conv
[0 o A IR [ s JUPRHAT [ S X 0 P

3 B KE KR

122 B R m R R

KHVFERE R,y FRIENARBNZS KB RO R, 20T Ry, FICREIIAET (0, 1) XI). JCFRABME 117275 ¥ 8 1Y) X Bt
RORRR, B T0" R g9 I B LG R, X S PR AW EE 2 R, AT ECR D I 59 IE BB RUOC R, W] 4(b)
TR AR (R B RUOR 2R S9N WK A 2 i S AR IR AE TR DTHRAN K, 2043 17 I 7 A i 1.

FiE RY = er, SRy, 7) RIELES RIS AW R KRR, Ko, f(Ry,, 1) Fom/NT 1t IR, TURBE N
0; w, RAMABLREL, W2 Zw, =1; Tl r €{0.35,0.5,0.75} . W TAFELEE, R, TICHEMEE TR ALR
IR . W AR R TR A [ 52 B 1 DG B R DG AR, 2 PRI DG B 0K AR s it e 2 AR 1T 3 BN AR Ak
TR AR AT, b, FIRIEL S Fr 7 00 28 A 2455 A AT SCHE R DX IR IE, SRR s X e P R AE AN S 2 LA R
MESNAS LI w, IFIRAFAH N RS,
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nose - | | ] 1.0 nose - [ | ] 1.0
left_eye - || || left_eye - | ] ]
right_eye - | | right_eye - | ]
eft_ear - ] 0.8 Teft_ear - ] 0.8
right_ear - | | | right_ear - [ | |
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right_hip | right_hip - | |
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right ankle MME (R o rgwande,, W OMLWL L0 0
QOO & L O QOO = 7= =R I IS
2225558¢ 22 L2555 EE22EEEEE 2
gl el 332 S8 gl leleEEeE 52 2 e g
5558222 pollul el Aol NSO - W el
2EERE T $5 ek ok E
z =
X —p e N = 2, . \.
(a) Bbr A A (b) FIBRH KR (ORI TIESHIZP S

B4 HARAM CEE) MRBEROCR

IR e
|

=64

—
5]
g
1=
<

=

@)

Bl 5 SERSSIERR I CHE HOG R

1.2.3 A%} 3D BT

SHEAE BB BRI 2 N3 5%, o] A8 H U AR G R 5 T8, JE AR DGR s Al 1 oAt K AN SCHE AU X R %
AR, T YA SR Bh A i i B 451 5% R AR R A A U BN A LR 3, RSB AR bR SCIRA I i Sk
XL By, ke {0,..., K~ 1}, W 6(a) iin. HeT E, P ICHE 5S8R (g, wi, Ry, 0;) SRA T 10 Rk 251 DX S0 1E
G, € ReHoWo T Zh AR IMERE ¥, 51 G, € ReHoVe | SRA5ICHE MK H, e R®HoWe 1[K] 6(b)
BioR.

Lo@ 3 1x1C
t —>| PKRM B Clonl Tore iy
L, 7 i
1 Veeo V, Lg).@ ‘ i
| Ve : 1
3 = | x
| A 3
e e B [0 L i i, 0
***************************************** ‘ 1x1C
() ARG 41 R (PKRM B8R (b) S 2 X A B A

6 FHAMBIRHE SRR (PKRM) KR T IX IS

P H AR T SRS kAT 32 x Hg x W — 425 1) S0 B 1R B AR BE, AR X e 47 B RGO i B ) =
J, e R3O tnA R (4), Horb Softmax(H,)(2 .y, x') F7R% Softmax VA—ALJG (2, x') Kb IRV B B . TSR FH 006 I 2% 121)
DAL 3D BT T = {Jo, ..., Tk} -
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32-1 Hg=1Wg-1

L=Gy0= ) > D (@YX X Sofmax(H)E %) )

=0 y=0 ¥'=0

2 B AR LT SRR A RS R E T

KA PG E BIRE B, SR 37 SR e WU, 350 b SCEREURT A A L8618 15 T 45, 18] 7 i,
Al
¥ ‘@ éﬁﬁlﬂéfg

)

GAp
[TelU |
1x1 Conv

S _I"""'.
A
Wi L UL (160x64x208) i
, Concatenate H 1x1 ConV| E
MR | [} [} ) A [} (32%64x208)]
MEET : Avg. [|3%3 Conv _’3><3 Conv_’3><3 Con _’3><3 Cony, |
11| Pool || Rate=1 [’| Rate=6 | |Rate=12| |Rate=18 E
A A |
1 1
‘ O =4 A G
REES A D
. ol 4| ==V
BEHLRAE S AA RFAE B

Fee o

S 0 VR P A N SR S

7 st bR SCERIR

2.1 BERREFEMSIR ETX
211 Al B E RLR

WML R X-Y-Z F, BG4 T X-Y S, 5504k T X-Z P, 2001 1(c). SRA =4EHipE D € RMHxv
IR R AT VR EE A A i B s ). Hodh B 2R BETERE, W 8RR BR 5E E. WIREFIRR & u,v) AR E A N,
AR LIRS, L D(u,v) € RN LR (u,v) KL Ny AYEGTRE IR SR RN BOR I (u,v) £UALH) Ny, AT
WHIESE 2, i €{0,...,Np— 1}, AR (5).

5
No—1) ©

Forp, gl RTNER X R s B AR e T SR 0 2 Xt IR P8 S/ ME AN 5 KA, Wit T MuPoTS-3D #dls 4k g Fil g 433l
0.5 m A 10 m, FFE 24 w7 S 5 H AR LA 25 22,

243 BasicBlock!" R Softmax v 5EEMGHIE X (B T &840 H) $EHUEME G540 D, N AE (u,v) #HI Ny A
TR0 v 1 41 22 38530 BL{8, 1% F] DFL (distribution focal loss)/E Jy 2% S 5k sR 8, A=K (6).

DFL = — ((zis) = 2" (u, ) In (S 1(, v)) + (2", v) — 2) I (S 111 (11, v))) ©

o, 2, Fl z, SRR ES i F i+ AN TORAOTIREE, 2 < 2°(u,v) < Ziy » 27(u,v) TR (u,v) 2V LEXTRBETLAE, S (u,v)
S 1oy () 53 BRI (u,v) BAIRIEE § T i+ 1SR S A
212 SR R B

FE X-Y-Z R, X-Y P —5 EGAR 206 W X-Z P —AME 3, X-Y PR R SR 3 T RE & 24 A

Inz; = 1n,6+i(lm7_lnﬁ)
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A, X TP X — (WA O RAFAE B M. B4 MRS AE X SRTEE R H Ol € IFFIERIE F e REHOxWa 431 %
RIS AT D WG F3RAT E € RO-NoxHd<wid 403K (7).

E(@i,u,v) = D(i,u,v)O F(u,v) 7
Hrr, F(u,v) e RO TR BUGSE (u,v) WIFIE R, E(,u,v) € RE FoR=4EZS 0] (i, u, v) A AIFFIE AR, D@, u,v) €R
FIR (uv) AT i (i € [0,Np — 1]) T4 B R M.

15 X-Y-Z 23[R 5 BRSO R ZE H O(Np x CrxH X W), N AR E 0%, A 45 E JEEHHE
T R Cp BEYER C, IREUBIRA Cp x Np x (W/4) [ LS B £ 35 5B I WTAERRAE. D T AR SR AR, R
PG P 4 P AT 315 S AT A 3% S ARAE B € ROw2No W) 3RS 5 LR SO AE R O(N, x Cy x W).
Y5k z, 5 BRI d € [0,2N, - 1] IIFEAE I AT (8) IR E .

Inn—-1ng
(2Np-1)

1nzd=1nﬂ+d( 8)

2.1.3 st B R SCR
I A Al FL A5 ) 4 735 WASP (waterfall atrous spatial pyramid)*, 75 AN [ J 52 15 T @A Sz 44 i) (0 007 B 2 R,
B NN LIRS 7B ol " e el e o 2 = R [ N W () )
4
P = Convyy, [[U Convsg (ol_l;r,)))ucapwo) ©
=1
HA, Convig () Fon 1 X1 B, Convas (1) BARFIA I3 ER, 1 B fLR (1, 1y, 13, ra 3T 1,6, 12,
18). O, € REwNoxWib 2o 8 [ — 1 A iir AL RN i RFAE s O, 55 T SULSTRFIE B ; P e ROPNWD LRty st b
T 3. Gap(-) X4z R Eifl. U Rl i
22 % AGERNREITRE TN
Yt BN SO R AR BEAR B, ARYEIE MR B, A RUSE IR T 5 AR R R BE R ARG, Bl AR 5 B R 3
TN ARG S H AT AT PR AR 28 2.1.2 9 ihig, % X-Z P s B SOR M B XY SFE A A
N SCHAT RS VS, TR R 2 kB S MOR AT DA AR TR SCE UL IS 5 bR SOl A S A SCRE R
X IRFFE E, T8 SEIE S AR B RRBGE, WAL (10).

= el Joarte 10)

Hp, 7() 208 Tx 1 BRUFEEE S5 4E 2 64, o) R78 ReLU WS KA, () Foniiid 1x TBERMANE BT
SCERIENASEFABCE Y . A YR st BT SORRRY R 6 AR B 37 s L O T AR HE B, o bR 199 2 i
SK, FINAIRTAL B 1% Q 51 A B SR ARG SR AR B B 48 D ek, R et A =X (11).
H,={(PUQ;Y) (11)

Horp, H, R GIE.L 2 R P 3T 1 x 1 ER, ¥ K LTSRN 350 1R 30 7R soft-argmax ##37 5
WD IRFE AR d e RPY, FEAEBI A K (8) THENRLIXIRE 2.

AES 7 5 (11 Q H7 375t h B AR Z AR NARAL B (R OCHE ) WS & A, JR B AR an ] 8 Jiraw. Bk 414
F () RE— AN, WIREE AT D IREUEER (u,v) (1 Np DT LR R BEMER AT D@, v) € RY, WHEE (u,v) 15
I I E (u,d) THEI AT (12).

Np
(u,d) = (u (21\21)__1]) ZS;(u,v) x i) (12)

Horh, S (u,v) FORZAR AL T4 i A TRBA R .

AR SCBEVE Rl 199 2% Rl A AR S 1R SC BN 2 N3 s AR R R, R B SR S P R LR SO
T 22 N\ 37 55 NARZRH AR B4R P, B g N AR IR AL T BRORS HEVE AT RT SE k. B B[R0 T B s 7 2 14
B
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3 LO [ LT | 1,2 | 1,3 | 14

4] 20 |21 (22 )23 |24

B\ R DA Moo
TRRESM i
K8 AR B E 5

3 X W

AR SCAE B HH SR i DR BRI AR B (R Atk bl A S A SR R O B R OR R PR N AR R 3L, SR IR T
P 5 8 B2 A R % % A A W 53 2 7 55 R S, e v il 0 9% i N AR 8 55 LR SO T AR 4 0 VR B, 3R
5% N\ 3D %A 1T HSC-Pose (human-and-scene context based multi-person 3D pose estimation), Wi 9
BioR.

KK A

L R I TIRS TS

Yrse

Ko T AR L FCZ N 3D LA

3.1 i3 HSC-Pose

%+ Mask RCNN (1) 45 45K, 33648 HrNet32 15 0 BT 48 B30 Bt A A L SCHR HI) 208 R0 PR AR 00 1 B
FEAEWUR 755 bR SCRREUM 4%, A4 7T SCERE M) 4% A0 4% A AR iR AL (human description module, HDM) F1%725
RO 5 K R PKRM. HDM ¥ J S o5 X IR I KRPM, MRS RAFE GS R4 K i 5 KLD. KRPM (Ml S
Hr St S X IERE L T G, BB R C, R Cy , 7 H, 1 Hy , 58 W, Rl W, IX L8 2 B0 BERLRE A5 A 8
(52 W0 4 ] 10(a)—~(d) TR, “PEPRBERL P R R S S R SR U R M 2 55, €, Hy, W RIC, He , We 530
WHE N 16,9, 9 F1 32,25, 25. FIH PKRM #4725 A4k B SCHEIL, W 6(a) FizR, $EICR B0 AR BE R4
SRR E 10(e) o, $EBUREGE D 2 AR
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2048

Yy 1R ORI 2% 0 L P AOUR P AR SR A WS B, " (T T S 34 HXREE NN, , BAHAE F
(KR Cp , T SARAE B (R Cp , EAN D BIRDRE LAV S22 B 11 o, D Vi B L RE AN

WEEIRE, Ny, Co M Cy D HVE RN 32,16, 32.

HAFFIR 2024 55 35 A% 4

82.6 90 83.0 75 83.0 7235
824r 185 825 17, s2st 17230 ,
F 8221 180 & 2 82.0 IEERS: £
81.5| 179 X g0l {72.25
L 820 5E 9 nE Y =
L esUr 176 X810t 1785 5 &
ol 0wt eim OBt ceim ] W
81.6 65 80.0 70 81.0 7215
16 32 64 (C) 16 32 64 (Cp) 5 9 13 (W,H,)
=1 3DPCK,, GFLOPs == 3DPCK,, GFLOPs = 3DPCK,, GFLOPs
(a) C, XA R 11 R (b) C M BERLPERERIFEM (¢) W, Rl H, o BT84t B 1§20
83.0 73.0 82.6 7225
82.5 | ]
_820f Jns 824y [ 17220 ,
i 8LS ¢ 1720 & 8221 172.15 8
S us) 1708 £ [ g
S 0ol I’“I 1715 2 g18l ’_l 172.10
79.5 71.0 81.6 72,05
17 25 33 (W,H,) 1 2 30 WH
=1 3DPCK,, GFLOPs = 3DPCK,, GFLOPs

(d) W A H SRR BE B 2 (e) NA& bR SCHRIR BN AL AR A B2

K10 AfA LR SCEIM 2% K 240 HSC-Pose T fiE

78 45 80
g aé-77§%g44- |_| aé 78§
E 16k & a3t £ 176 &
: 2 |nE e
= 175 ) E 19
16 32 64 (N,) 8 16 32 (C) 16 32 64 (Cp)
1 3DPCK,, GFLOPs == 3DPCK,, GFLOPs == 3DPCK,, GFLOPs
(a) N XA 1 BE F 52 (b) Cp- SRR RE F 52 (c) C XY FE R

K11 35 bR SO 4 1 5405 HSC-Pose PEfiE

3.2 SLIEHIERFIEMNIERR

A ICEFE COCOPY, MuCo-3DHP/MuPoTS-3D "l Human3.6M 4 42 SF A M PEfiE. COCO 2 2D A Ak
AT ERAE, WZEZ 57000 5K B 4. MuCo-3DHP/MuPoTS-3D &% A 3D %A il $3i4E, MuCo-3DHP il
Z4E, MuPoTS-3D AR 4E. MuPoTS-3D .45 20 AMAFT41 (29 8000 FAFMT). Human3.6M J& % 3% 5% 3D Ak
BRI EGAE, B 11 453230 (S1-S11) FIE 4. Human3.6M JIZk&EH S1, S5, 86, S7 F1 S8 1X 5 452 ik
F B LR, TR SO A S11 A2 IR Bt 4 k.

MuCo-3DHP/MuPoTS-3D IPEMN 6545 4 3DPCK 1 £ 3DPCK,oy, 73 9 T- PR L% FIAI X 3D A AR LA
[R5 . 3DPCK (percentage of correct 3D keypoint) #5540/ 2 (13).

D (e, > 150)
» / Z |

; > ;
o, e, TRYEA p T ORHE S i S5 N LA AR ECEE 9 (mm), ¢p(-) s o8 B Y S iR 4R

Human3.6M [V 845 5 MPJPE (mean per joint position error), P-MPJPE (procrustes analysis MPJPE) F
MRPE (mean root position error), MPIPE VPl AR FE T B G 8 A€ A 1% 22 P-MPIPE PEAL AN IR B R IR0
T B 2B A 1R 25 MRPE VS 400 R FE R B AR G4 08 7 15 2. 1 2 1 DGy S0 (55 Al (AT BR PG HE 1, DL

3DPCK = (13)
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1T F: A TFAKRFGF LT L4 S A 3D £E544E4 2049

K (mm) A HLA.
3.3 BRI
N IR A BE RS B 3 Sl 4 A 512 F 832, N ZkBidi4% 1:1 & COCO 1) 2D %35 H#i 1 MuCo-3DHP
5% Human3.6M H1(K] 3D &R, fitE K/ (batch size) B'E N 24, Y5 30 4 epoch, 2 > RAYUH{E N 1E-3, fE50
10 A1 20 4~ epoch I 43 5% 42 1E-4 F1 1E-5. HSC-Pose W 4% #4445 2k R £ 1 28 28 (14), 3750 1R SCERIUM 4% (1) 51
KR 105 Sgeene WA (15).
loss = 1055geene + 0SSN (14)
105 Sseene = L0SSppL T l05sEy +0.0310ss. (15)
o, WE AR lossor , WA (6); SR EIIK losssey 1 F L2 325 b8 BT 558 S5 S 1 TR0 R S0 1 1) 1)
1R 22 IR AN YR B K Loss, 18] Smooth-L 1 457 2 bR B SR S5 A 46 X6 1 T PR TR 357 22
AR TR SRR 2 BRI K BR AL Losswr , WA (16).
lossag = 1055¢ + 108 Sheamap + 0.03(108Spox + 108 Spox refine + 0SS ) (16)
Horpr, s 5y K8 losse FIOCHE T 105 Sheqmap H1 L2 45355 BRE O A0 FEATE B B 1015510, AL AY DB 540 [T HE
108 oy reine IV EREL KLD, W23 (1); FIRREE S 3D 2254kt loss, F Smooth-L1 525 B 44
3.4 JHRLSCIG
7£ MuPoTS-3D JINRAE L HEAT Vsl sz a6, 20 T VP4t APk b SCHR R 465 20 A R 5t b 1 SCPR R M) 465 21 145 A5
7 HSC-Pose ML fE 52 1.
340 A BT SCHRLSEE
T B S 4 Wi 4H: HDM (414 5 HSC-Pose 1 fig; PKRM K41 145 HSC-Pose 1 fit. HDM {455 KRPM, GS
FKLD. AS[d) T4 AR A B HE R Rol Align FOFETERE KRPM AR5 f 5 pui A FRIME J0A8, 03235 T LB 2k
PR A HEAT T RS IG ; M GS E N B R ST RE T KLD JE A ST BRI R BREL. BT LASS T HDM 91 Rl S 36 7>
54, W3 2. GS 28 B IEUEPE A, HSC-Pose (1) 3DPCK, o F:A—51, Kk WIS {78k 4 FI A PR FBIAE, A5 Ky
FtME 7S KRPM+GS Al KRPM+KLD 525 8L fE, B HSC-Pose [¥] 3DPCK,o; 73 5l $2 5 0.4% A1 0.7%,
KRPM+KLD+GS 5255: 8 IEHEERE, 3215 1.0%. 540K B HDM $5 HSC-Pose M HEREIA 1.0%, Ui B HDM M 5
05k SR

#*2 HDM W45 HSC-Pose T fE # 3 PKRM [HXK AT 5 HSC-Pose it

él 5 00 = = = N
2 - v - 80.3 1 — - S8 - - - - 7l
3 \ v - 80.6 2 N - - = = = = =199
4 v - v 80.9 3 VAN - s s s 802
5 v N v 812 4 N A A - - - - 8
I N 81.7
6 v N N4 - N = = = 82.1
7 N NN = = A = = 81.5
I A N v 822
9 N N N = = — — N 85

PKRM (¥R AR A SRR IR S B 0 5% M BR 99 I R m R AR IR SRR IR DG B R R K 3D
AR R B FRHE Vioiser AN JUTRE Voo FIOCHE X IRIFE Viegion, 1H1EIXLE RS> X HSC-Pose 1
BERASE IR, SEI0 BEHR KNI Vigises Vgeo F1 Viegions W3 3. B2 SEHETERE (B AR MBE Y, 5250 1), 5056 24
(K145 R W] HSC-Pose ) 3DPCK ¢ 73 3l H2 5 0.8% (L5 2), 1.1% (S5 3) A1 2.0% (S5 4), BT Vigiser Veeo AN
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2050 HAFFIR 2024 FF 35 5% 4 B

Vsegion X AT OB R OC R AR W Wik

KRR F B 7 i oSk e R, e A 3 FIRERAE (1=0.35, 0.50 F1 0.75) L MBI R M. 8T T
WA A (7=0.35, 0.50 F1 0.75) M B2 < R HFE RS, % HSC-Pose TEREAIFE M, Bk sizik 5—5I5 8, Wk 3.
2 92 4, 96 5-SEH 7 (K525 45 B W] HSC-Pose 1) 3DPCK . 73 MIHET 0.6% (S5 5), 1.0% (SE%: 6) A1 0.4%
(SE56 7), Ut B I PEOCHE R 0GR PR AR R AR I . B2 SE5 5, SEIG 8 CRAVEME LG 3 T B IIARBE ¢ R AR
FE) AR R PR RE D) 4R T, TR IR 2 S A T S5 TR T R — [ g B, A TSI, S 50 8, 520 9
(145 3K, HSC-Pose [¥] 3DPCK,y Z2/DH&T 0.3%, UifH RY BId a4 SRR A S ARG 10 7 PR B 2.

YA OCHE HUOC R IR PKRM 1Ak VAL B O p AL IR LAY, SIS RURI N 45, A e 1%
5 AL, WAR 4. 0T H s BIHED AL AN B AR, L SRR, HSC-Pose [ 3DPCK . 73 il =i 0.8% (5%
55 2) A 0.4% (R4 3). WAL AL 1.3% (SE50 4). X BRI R STk e kUG FEIAE A A T RS 8 ¢
R IR BRI A bR SO L A P AR A . S DA SR (WLEEE S), B2 524 4, HSC-
Pose ) 3DPCK, o 317 2.6%.

# 4 PKRM KILEAASTT445 HSC-Pose PEfE
s KHEABEER SEER ML 3DPCK (%)1

1 — . — 81.2
2 v - - 82.0
3 — \ — 81.6
4 v \ — 82.5
5 \ \ v 85.1

342 Mse BRSO RS

Yo BN SCHREUN S HE 5 ANULPE: R E 23 4ii DD, A FL 4 £ 38 WASP, &8 DC, A% & K 3 RP
HR 2 4% DFL. Hrh, DD, DFL F1 WASP F DA 5t B 7R 3C. DC A1 RP A ARG AR 5 B R 30

i DD, DFL Hl WASP [#74 % 1t, ¥%¢it DD, DD+DFL 1 DD+DFL+WASP 285286, 11 5 (1) 525 2—525 4.
EREEMERSTRY SERG 2 SEIG 4 X145 TR W) HSC-Pose ) 3DPCK s 73 IR 1.6% (525 2), 2.2% (SEH: 3) Fl 2.9% (52
B 4). X UL HTKE DD 51 N 4 5 3R B B0 R B2 1 7, NG IR BRI Sk 43 8 R, A ARGASE 2L f P e e
DFL fig A7 280 15 4on) 1R B S SR 4600 EAH. WASP 4 KRR B2 BF R I 50 BT SO G2 AR 48 08 % FE 15 SUAT AR AR
fEH.

%5 e F R SCHREUM 25 411 5 HSC-Pose 4 fig

%% MMM DD  DFL  WASP DC  RP 3DPCKy, (%)}
1 X-Y — — - - . 39.7
2 X-Y N - - S 3 413
3 X-Y N v — 5 — 41.9
4 X-Y N v \ — - 42.6
5 X-Z N v \ - - 43.0
6 X-Z v v < v - 43.4
7 X-Z v v v v v 443
8 X-Z = ‘3 - v v 384
9 X-Z \ — - v v 41.6
10 X-Z v v - v v 4.8

I04F DD, DFL 1 WASP X{$#HX X-Z ~F1i 137 5: LN XHIE, LU DC Rl RP ZEfilA ANAAFIg 5 LR e
IVE R, ¥eih92mt 5—520 7, W 5. B2 920 4, 925 5 (DD+DFL+WASP) {145 48], HSC-Pose [f] 3DPCK,,, &
1 0.4%, YEHWILE X-Z P 4RE7 5 1N SO s A v GE R s W 8. e 528 5, SE46 6 (1Y DC 3EAT AR
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5 BN SCHE ) 145 R W] HSC-Pose (1) 3DPCK P71 0.4%, iS4 7 (F)F] DCH+RP 847 F R SCih &), ELszi 6
#2159 0.9%. DC A ARFIG) 5 B R 30, B T G2 4o R FE B S i) RP A8 bR SCRA i 752 o B8 567 AR X, A
ABEAR T AL HEEE, 38 RESG TR

PG AE B3 28 375 54t DD Il DFL, i+ i DD 1 DFL 748 4iF B 5 3t R o (R4 P, 500t S 8—52i6 10, I,
5 YT 1, P2 8 45 R W HSC-Pose ] 3DPCK ., K 1.3%. UHAASK A DD 1 DFL 1R X Nt «E1% 235
SR HE BB AT AR 1R 22— 3 S8 8, 5246 9 ANSZEG: 10 (DD A DD+DFL) (K145 S 3 B : HSC-Pose (1) 3DPCK
I B 3.2% (256 9) Al 4.4% (9256 10), DD R DFL 28 R4 L e it s SORBCR A Y68, - R0 440 e R 5 U1 B4
P FLH.
3.5 ik MuPoTS-3D ERYXSEL SELE

ARSCRFEAE T (1) R OCER A X 2 U A A BLIEIHE, RIS E 1 b Ak R 3G (2) M SN A S E ) =
TR3E, SRAS GRS R R B AR 8 A AR B R SO TR AR R VR . S5 500 3 2Kt
HEJ57: (state-of-the-arts) HE: F I N, BRI FAPES BT FAE R ) BRI BT R 7 B £ 4R
F TAEAHESCHR [2,3,10]. HR I 57 AT AR TAEGLRESCHR [4,6]. Z86 H TR FRIE R ) B ik ik nRaE
PR CAEEFE SR [7,8,29].

fE MuPoTS-3D LTRSS Ty b, sEit &5 9 W3 6. Bt & “matched people” PFAiti 5 EAH VL HC A &5 1. B
#ik [3,4], HSC-Pose [{] 3DPCK, A1 3DPCK s 2 /D HE 15 3.4% F1 6.3%. 3R [2], HSC-Pose [ 3DPCK s T2 5
2.7%. FAERE L2 FIEAE T AR A RSSOV, SOk [2,3] #0351 A4k 1R 3, B, SOk [2] 4630k [3]
Bfill EAb R T ARZEES(F B, HSC-Pose AL4E 7 5% b1 SORIAT M 75 H R I A |7 3C. 8L 3CHR [10], HSC-Pose [¥)
3DPCK, 1 3DPCK ¢ 53 Sl 51 2.2% H1 9.8%. SCHR [3,10] #B3E T FIHESRER 4K N3, HARRBUZ 5 F R L.
BESCHR [29], HSC-Pose 1 3DPCK y A& 2%, 1E 31K [29] P& BB 50 T4 55 K.

%6 MuPoTS-3D _F % b szt 45

ik Matched people All people

- GFLOPS  3DPCK,y (%)t 3DPCKyy (%)1  3DPCKyy (%)l 3DPCKy (%1
[5] - 742 - 713 -
[3] 603.5 82.5 31.8 81.8 31.5
[10] - 83.7 352 — -
[4] 197.7 80.5 38.7 735 354
[8] 320.2 — — 82.0 43.8
[2] - 83.5 423 82.5 39.2
[6] - - — 82.7 39.2
[7] - - - 89.6 48.0
[29] 220 - 47.0 — 44.0

HSC-Pose 76.8 85.9 45.0 85.1 443

Jic i “all people”: %2 SCilik [3,4], HSC-Pose ] 3DPCK, F11 3DPCK p, i1 3.3% H1 8.9%; %2 itk [8], HSC-
Pose (1] 3DPCK ey F11 3DPCK s #2155 3.1% H1 0.5%; 2 SCHK [7], HSC-Pose ] 3DPCK, o F1 3DPCK s 34191 . FEAIK,
Cheng 25 N\ TR HT I AR LR SCH T IR AR ST. & T-HH 42 24 % (GFLOPs), HSC-Pose 1t 34tk %

3.6 Human3.6M i & ERIXTEL K36

7 Human3.6M PR _E VP51 ¥ MPIPE, P-MPJPE I MRPE, L3 7. 82 i\ 3D %5411 77 1%, HSC-Pose
) P-MPJPE % />[I 1.8 mm. HSC-Pose [¥] MPJPE 7 T~ 3Ci#ik [30] 0.1 mm, X T 2 £ [FI28 74k B2 £ N 3D %38
it /7%, HSC-Pose ] MPJPE il P-MPIPE 737 25 /> [ 1.2 mm 1 0.4 mm, 4% R EFEH5 MRPE 22 /> F1IK 4.2
mm, Bt HSC-Pose X ZZ R L SR B3
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27 1 Human3.6M IR 1% Lh sz 5 5

. NN 2 NESMhE
Jridi (mm)]
[20] [31] [30] [32] [33] [ 3] 2] [10] [8] HSC-Pose
MPJPE 496 486 473 495 486 570 544 527 - 48.6 474
P-MPJPE 357 - 319 334 421 - 352 33.8 - 30.5 30.1
MRPE - - - - - - 120 957 776 - 734
3.7 EMS

LR A AL DAY SMAP™, CADY), DASHI HSC-Pose 25K 1) %2 N 3D %At i1k RE, WilEl 12 PR,

SMAP 1 @ / = i
%\ 3D B it % L D [y
£ Ky E W &
£ ‘;' < F E fh
o P
CDA ) EEr e 7 5% E e
Z N\ 3D B ? & o & A =5 ﬂ
,,,,,,,,,, EravTn
DAS Iy A 4 i} 7 LEEr
£\ 3D BT % { Ak ASRSEEty S I
- o }: \ i
""""""" 2 i
HSC-Pose ] 3 N { e & %) N&x i
ZA3DBHMmIT - e b i i PEmLE:
}) LY} F \X £ il

12 AL RO 2 A7 55 (1) HSC-Pose P fiE

H T A WA AL 44 1, A MuPoTS-3D PSR4 P BN A 08 424 R0 15 5 e 75 52 35 1R 1R P 1 Db i 5 dis, mT 4
AseaG g5 L, il 12 58 14 5158 LAT BE A0 1 sk IEHR: 15 50780/, Iy T i i g5 B 28 2 TR IEMR: 40
PR H BRI AR O ™ RS, SMAP [R48 X R B AL TR ZE 12, DAS LAY, HSC-Pose 4GV B Al v
AR, R A A R B

T A AT R A AR AR A T e, BRIE 5 I G O A 72 S B S BRI AR, PR S A AR
Wi 12 55 5-6 F1. XA 1 4T3 5-6 TRIEME, CAD flivh I X vR B Al Tt 22 B3, BRIILAN R T A\ (4B FRIHE ROBE T
AR S BRI 77k, HSC-Pose /53R 15 T A BLIM AN AR B, (EZ A THRS A B F B AR AR R e A A,
B2 5250 F 5odls Z AR A AL HSC-Pose IR AZ A g 14T 2.

H T WIS R A SRR E, N COCO SilF SE Pk &2 237 5 MR AR A Edis, s 7-8 ZIFTR.
XA 1 AT28 7-8 5K EI%, HSC-Pose il CAD 144 T SMAP f1 CAD. HSC-Pose 7E AR LALT DAS,
BN ss 7 5k BRI L0 A4 DAS AU B8 4 /i | R 3¢, HSC-Pose 3t X AT 5¢ BR3¢, T H HSC-Pose Pk
FNARZAS AR B & R, f4E HSC-Pose 75 T 2 L i, WP NAR DA Al TR BE#8 35 T B,
— A AME BEAL; J—J7 T, H il 2R3 sk Z i % 3D ARZ AR,

4 B &

ALK FIT0 R 9 26 23 SR O i DB SO BN A L BIMERE AR F B, JF I S St 4%
IR A 17 A A OB i X ISR TR AR, E I AR S A R I B A MBI OCHE OR R, S BRI IE RO iR I LI
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W P A4, SRR KA 2 I RE D). B 1) b2 SO S Y- T i AR B (- i P s b R SC3RAGH I — 2[R
AR AT S, T Rl Er AR5 bR SO SEFR AR LRSS, 7 MuPoTS-3D #1 Human3.6M #dli 4 L7 T
JIZ IR LRSI, SRR BTSRRI, AT At 3D LSl HSC-Pose TERESEAL, i it =28
B BRI, (A SO HSC-Pose (A FRINARE H TR T 100 m, "~ — 2 TARREHE 900 S0t HARZESHIRIAYZ A
BE). BEAE, ASSCTAR HATER TS, A Ja ket o5 T2 2R 102 A7 3D NRZEEALTHIEIT
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