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Rehabilitation exercise detection method based on 3D human pose estimation

Zhang Kun',Zhang Pengcheng' , Chen Xiaohao',Zhang Bin®,Hua Liang'

(1. School of Electrical Engineering and Automation, Nantong University, Nantong 226019, China;
2. Suzhou Sports Professional Sports Team Management Center, Suzhou 215000, China)

Abstract: In rehabilitation exercise scenarios, motion input is typically in the form of video sequences. However, pseudo-3D solutions
based on mainstream 2D human pose estimation methods and depth cameras are incapable of accurately measuring distances between
skeletal points within videos, thereby affecting the final assessment performance. To address this issue, this paper proposes a sequence-
to-sequence 3D frame-focused pose recognition method tailored for rehabilitation evaluation. The goal is to directly extract more
comprehensive and detailed 3D coordinate information from the original noisy 2D scenarios and conduct motion sequence analysis based
on this data. The proposed method adopts a four-branch streaming transformer architecture that captures the spatiotemporal interactions
across long sequences by independently modeling the temporal and spatial aspects of the raw 2D input. These four branches are
integrated through learnable proportional parameters, and an additional module combining a spatial encoder with an enhanced temporal
decoder is employed to generate the final output. Our method outperforms state-of-the-art approaches on the Human 3. 6M dataset,
achieving a mean per-joint position error ( MPJPE) of only 14.4 mm, the lowest 3D pose coordinate error reported to date. This
demonstrates that the proposed backbone architecture is effective in handling more complex rehabilitation motion video sequence tasks.
Moreover, comparative experiments on real-world rehabilitation video sequences further validate the effectiveness of our approach. Based
on this advanced human pose estimation method, we have developed a novel multi-dimensional intelligent rehabilitation exercise
evaluation and analysis system, capable of estimating motion metrics for 120 joint actions. The system has entered the clinical validation
phase and has been tested on over 2 000 patients, achieving an average accuracy of 93.2%.
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Table 1 Comparison of 3D human pose detection method and some SOTA technologies on the Human 3. 6M dataset

(mm)
MR Sk T Dir Disc Eat Greet Phone Photo Pose Pur Sit SitD  Smoke Wait WalkD. Walk WalkT 34
[16] 1 5.8 56.2 58.1 59.0 69.5 78.4 552 58.1 74.0 94.6 62.3 59.1 65.1 49.5 52.4 62.9
[17] 1 45.2 49.9 47.5 50.9 54.9 66.1 48.5 46.3 59.7 71.5 5.4 48.6 53.9 39.9 44.1 51.9
[18] 1 - - - - - - - - - - - - - - - 50.2
[19] 7 44.6 47.4 45.6 48.8 50.8 59.0 47.2 43.9 57.9 61.9 49.7 46.6 51.3 37.1 39.4 48.8
Protocol#1
fewppp 201 243 452 467 43.3 456 48.1 551 4.6 4.3 573 65.8 47.1 440 49.0 328 33.9 46.8
JeAn RS [21] 243 44.8 46.1 43.3 46.4 49.0 552 44.6 44.0 583 62.7 47.1 43.9 48.6 32.7 33.3 46.7
TESHAL [22] 243 41.8 44.8 41.1 44.9 47.4 541 43.4 42.2 56.2 63.6 45.3 43.5 453 31.3 32.2 45.1
’Ei?f [5] 81 41.5 44.8 39.8 42.5 46.5 51.6 42.1 42.0 53.3 60.7 45.5 43.3 46.1 31.8 32.2 47.3
3 ‘Im
[23] 200 38.5 42.5 39.9 41.7 46.5 51.6 39.9 40.8 49.5 56.8 45.3 46.4 46.8 37.8 40.4 44.3
[9] 351 39.2 43.1 40.1 40.9 44.9 51.2 40.6 41.3 53.5 60.3 43.7 41.1 43.8 29.8 30.6 43.0
[6] 243 40.6 43.3 40.2 42.3 45.6 52.3 41.8 40.5 55.9 60.6 44.2 43.0 44.2 30.1 30.1 43.7
A 243 35.6 37.4 37.3 32.3 41.1 49.3 36.2 34.1 50.5 53.8 41.2 37.2 37.0 25.9 26.3 38.3
Protocol#2 [8] 243 21.6 22.0 20.4 21.0 20.8 24.3 247 21.9 26.9 249 21.2 21.5 20.8 147 15.6 21.6
TEMEH 4
AL FR ELAE
X [7] 243 16.7 19.9 17.1 16.5 17.4 18.8 19.3 20.5 24.0 22.1 18.6 16.8 16.7 10.8 115 17.8
] - - -
MPJPE
AR 243 13.9 15.0 14.3 12.9 14.5 15.4 15.6 15.5 21.7 18.4 15.2 13.3 8.36 12.7 9.36 14.4
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Protocol# 1 F1 Protocol #2 & 34 & 56 7 i B & £
(MPJPE) ., R 1, FRIZFR THIRPBE 2 4409 T
YRS LR S T 9 R b i i TARSS . MRIER 1
(Protocol#1) Y45 F , A J7 i Ar T 5 = 2 Ak A B TR I 8
BB RARE, A, 5 S E Y IR e g i X R
ATy AR =iz S5 Sy i R A AR, 75K 1
(Protocol#2) H, A T PEAR B —BE B A 1R 22, LB R A
SRR T A A (O TR 4, SO 5F — 4k (IREE R R
HATIRZEGTHT . AR R AR DB e R — R B Al Iy T
BARENRE, Z2A8 1 R W, ARk =4k
BAMTHES R 5, IFdE— 2D BIE 1k T 23854
TRz 3 R T AT
2.4 HEMMFR KL

AT DU S B S5 F  Extra Part ALK H]
TFHEE Extra Part i i1 (%) IGAU A% B %) 2k 57 /F A &% SR,
XL S BT Bl T IR SR 25 LA A S R T 246 v 1) B ik
IR RIPERE Y 52

w3 2 s, B T ARMAIL 4H 47 Human3. 6M
BRI E R . T LA 2, QSFormer 2544 T 1k
Fgetrkre, HAEM 4L F i MPJPE 48454 39. 0 mm;
HE—2E A Extra Part SEHFT IGAU BTHUG , BERIPERE 3
SHETET 0.4 F10.3 mm, MIHRLTSE R M BERTE A3
JIT R S B A B BE A S = 4 N AR LS AR T, B
TR BT R Y B TR

FR2 HEMR
Table 2 Ablation study

QSFormer Extra Part IGAU MPJPE/mm
vV 39.0
VvV Vv 38.6
v vV vV 38.3

e 3 Fin, JBR T 2 Extra Part B4 [R] 4w i A1
AR RSN Y S IR A5 R

& 3 Extra Part fi%#E
Table 3 Choice of Extra Part

S-T T-S S-S T-T MPJPE/mm

39.0

Vv 38.5

9L ATIRE AR B 45 5. SR R,

Extra Part %45 25 [0] 4w 60 25 AN 5] A A 2% ( XF R 3% 3 S-
T)VER T TS I | BE S d5e /N5 22 5 ) I AR AL T AR
FHZAR e BRABREAN 1. 7% 1R 25, T 2F— 25 AL A 7Y
) SRR B2
2.5 REEIERGITHR

ARTT AR ZE TR bR AV M T T 4 Je R 0 S )
RE. FEASTTH Bt — D%y B e R R i s T
F Y SRR 2 B, AR AR 7 I AR AT B
SR-Pose —ZERIN & 58 1, AR I — 405285 B B , %
15 WA 2 =GR AG I 5 04T T4 AL 3 B 2R G
B

LT R T =58 B e B A B R BHE , AR 5 i B A
2 000 AR FIFRZE A4S0 B T AT IR R I,
UER LA R AT BENLIE I T 100 183 PPAL H
By GBS S A W IE SRR B AR C RS A
REEBEAC L A 22 51 23 b | JFAE LI A5 HOT RS iR
EACIp=s

WA 3 firs , Sl #E b, A O B IAT A2 A AP |
e 55 S it /N A R R AT IR e A R AT A B XX
SEEhAE o R T e R = A Ty AT X Ay AT, A
PHERER R AR SN X — P s fE v, WA 71
WA T RAFROR BN 32 sl A AN AR i i TR A
B SR, YRR AR 15 5 52 2%, O M B — - T
I, 7R R B = TR AR R, Jo ki G B AR R A AL
MR BE Al 1, e S BUTT A 18 3 35 4572 I AEEUF (not a
number, NaN) 1 ,

MHZT BT =4 ARSI T A R IR
T ERERE REAEIUR] TS S A . 5 AT e =
YL ST i AT A A A SO IR 248 A
AR B T R (B AESR AT S AR OCR | R
IR T YT e i (AN 3(b) ~ (d) i) . &5
Frid AR ST EAE S B v v BE 8 A 4505 L SRUIA 1 B A
VEAL bR, S BRE S II 25 4 43 SOHS v B 10 S 2 A
e,

WA 3 X0 A Tk 14 45 2R 5 ) B A SR I 2 SR

30 BEXT F S, Sy e, 3 BT I e A% R g
(inertial measurement unit, IMU) R R Y AL R A T
BriE, IMU 1R B AT 2 A0 B 42 fik A6 I 5 vk 2
— U R A B O R SRR T 20, RA R
T A

AW BEHEAT T 5 I, AUl B T
BT BB -2 £ BE AR AR A, 338 1 TR Ay VR SRR
FA) 7 5 DX T 5 ) B A D T i 1) B8 DX T (EL Y LU AEL,
T S ESE U, I (23) s,

I %o = Xomin [l

¢ =  Tomn L (23)

o l
Xsmax — Xgmin Il 1
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Table 4 Results in actual testing environments

e Py AT LI
CR-F3) CRA-F3) CF#)

1 0.6°-91. 8° 0.9°-90.9° 0.986

2 0.1°-89. 8° 0.1°-89.0° 0.991

3 0.2°-90. 5° 0.5°-90. 4° 0.984

4 0.1°-92.1° 0.3°-92.2° 0.998

5 0.5°-88.7° 0.1°-90.5° 0.975
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JETEER 4 (B BV BRI A SO R SR B R e 1Y)
HERE RV R S 4 S8 I s AR A AT 55 L HA
TR B T AEE AU EE . AR D5 1 L Al PRI IE B B
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