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collaboration control system
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Abstract: A system of collaborative control for uncalibrated robotic arms, grounded in 3D vision guidance, is put forward herein. This
addresses three central issues in the control system of industrial robotic arms: inadequacy in human-machine collaboration precision,
latency in dynamic response, and deficiency of safety constraints. Lightweight deep-learning perception and real-time inverse kinematic
control are innovatively integrated. The perception layer employs the MediaPipe Lite convolutional network to detect 33 key human-body
points at 30 fps. It also concurrently fuses the spatial coordinates from the depth camera, generating accurate 3D joint data. The mapping
layer initiates a dynamic shoulder-reference calibration mechanism. This overcomes the traditional reliance on calibration and combines
dual constraints of the working space, ensuring motion safety. The control layer features a geometric closed inverse-solution model ( real-
time solution in 0.8 ms). Through a two-threaded asynchronous architecture, it separates attitude detection from joint control,
thoroughly resolving the bottleneck of response delay. Experimental validation indicates that on the JAKA Zu3 platform, the system
attains a reduced terminal-trajectory tracking error, an extremely low action-delay rate, and a zero joint-overtravel rate. It suits the
dynamic scenario of operators with heights ranging from 160 to 190 c¢m. In the future, it can find applications in settings like automotive

assembly lines and nuclear-waste treatment, offering a highly adaptable human-machine collaboration model for flexible manufacturing.
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Fig. 1 The network architecture of our method
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Flow chart of deep visual perception and joint 3D positioning

Fig. 2

1) AR R

FHEfE 20, T R G Intel RealSense D4351 ¥R
FERAR AR OGS A5, 1 A HL A [R) 20 R A R o LA
BRI RE 7, HHME H 640x480 Mk 30 fps Y RGB [
BUAR R 515, RGB EMR TR J5 SE i TR 80 T A

ZHCEO KA
5i(=167 ms)
FEIR:<33 ms

=Y L R

PREESRIME —AT 55 . TRIE IR Bl 254 't S B2 LA
A, Herp BN RR BRI HAR S RHE S MBS
IR IR R B AE I P O T A9 — BCMERAIE, 55k
X BRI 1] A8 ] 20 ML LA I JH:HL%'J% RGB [RI1R i
P [ T F ) 2% 1 194 i 22 , AR AE 1 ms X —JEHIZ 9,



- 96 - LSRR R e o

40 &

AT REXT PR 22 B2 A5 Al ke = [ 25V T 5 | 4 19 725 [ A2 s Bl
FE IR, S IRAT ROkt

2) B AL A

AMFFEIE F MediaPipe 23 2 K #8378 | £ %) - i ¢
ORI T S T R T AR AR L R AL L
MobileNetV2 A4 321 W 28 B | £ i R BE v] 738 45 X
—HARTB TR BRI FARCR A R I, S B 1 A
PRFRU 200 s, 36 717 6 A TR R BB A TE I 2R i 4% i 1%
iB1T,

HARRARNT .

(1) %5 A RGB B , Rk £ B 48 A Jli 6T 1oz i A
RZ ST

(2) RGBT B St o A7, e RAEE 36 33 SO0
A SRS, BRI A R N RS T A O BT
WG DR E T ;

(3) i 4 45 00 55 4% G R AR R AR (u, v) DU
SrT WAEDES)  Horh OB i Al DL PR A AT 0.3
FIE AR

(4) THETHHESERE Z H B35 iU 2, X 455100 ST i
B TensorRT ) FP16 K BE & fL i 3 25 15, /£ NVIDIA
Jetson AGX Xavier Y152 |, 52 B4 HE 5 B 3k il 32 fps 2
TKUE, BG TRt T 92 T th i 75K

3) ZHEA bR AR

RIR B S HLER Nz 20 80 B i B, BT AR AR %
BE R, TN Y23 [w) i 4 28 =4k 23 [w), I FEFFLARML
RS FEASCH ) NS i) R R AR (u, 0) , 5
UREEBAEAR RS, AT S AR L AR bR R F 45 G H S 7E =
Hezs (] A dR . HO AT .

(w-c) -7
-
yz(v_c-").Z (1)
f,
Z=d-s

Hr (u, v) & MediaPipe FFi 22 1 i 565 5 T4
BRI Z QR AR, & AR ERZ 5 51775 1 5 d T34
RN ETHRERGN Z R TREE s HIRERE R T,
HEUE M 0. 001 000 000 047 5( Hi RealSense SDK T L4
Bt PR R GOR B E S0 m) 5 Z FRAFSCHE 2 F 41
MLABFR R T Z R EE(E, JRED HAR2IAHALA BRI RS s (C,,
C,) FAPLE S AR (ER G 1R 640x480 73 BT
(320, 240) 5 (f,.f,) 5350 R 7K O o) R B 1) 149 A
BUEREE | 38 3 5K 1E AbR 2 VAR 15, ¥ 615. 05 (X, V) 41
TR O A AEAHBLAR AR 2 T KT 5 3 EL2S (R AR AT

TE = GE A b e R v, SRS AE AL AR R T Y
VRS Z=d - s V18, L3 R AE 28 [l P A T S
PR, ST EMBOEARR R R AR 5 E SR PR

E= (u-C,) ﬂ](v—C},) JEEBTREE Z M ERR (f. ’f;) , Al
AR B R RS L SRy 2k 2 18] v 1 KO AR AR R, A
TS 6l 5, 22 [ 37 T R YA

4) W

T 4k 5 (0% S0 T K I, T R 1% 5 it 3 e
TR B BT B A K S ) | R 4R BfE =
A AR R W A B BTG . Sk T e R 7
W] AR T = AR bR R M I, AR SOR B B 1
TFB e B AR P A B AR | B2 24 )
TRV SR TS (A e SR, B R T O =
A A T LA 0 B B b, R B A A st R
mF.

P =4 X! PG (2)

Horb P(r = i) IREEE (0 — i) WIRIRILR =i bR (X,
Y, Z) W00 P (o) WS 28 8 - 32 9 Ak B I 4% 14 F-
YA BRI ML E S 5 (2 167 ms) , £EXT I
T LIARAN T B R Z fhA AR IR ZE M £ 1.5 mm 2
+0. 8 mm JX T F R REAS 4 B 25 i) 17 S 3R A8 P27 33 ms
DA 3B B T AR P P S NP R A 2416
1.2 ESRARRES = E RS

AR BIE 2 (1] BRATUDERE T A 2 (1) 22 [, 3l 285 A e
SR AL O R AR (0, X% GE R SR SR W T A7 ]
AT BRAN S BUIERE , Ty H BAR BT . fegei ke dr X, 1l
WALT RGEWI IR B BeoR 5 — B R A5, X T4 430 1]
AL E ) BB M LASEE 2 N AR A R 5 AL
S L AL R 2R AN 07 B, 25 DRRAR 38 AT 55 AT I
BRI A A 77 100 8% 2y (LG 2 I5C A M B 3l 3 9 2 )
T AR, 2 (] ShS R 22 2 P B RS sl g 18 o i P
KR . 2GR IE, NAEFEZ) 0.5 m Z PR AL 57716 T B
WRENIA 4.8 mm, R G0 E NG JE 5 B TR 2 "
S,

— R HR A M 5 SRR A B A Al AR S AL
il AR SCEE X o AR (1] 3) o i WL 2 e
AR AT O B AL B >4 A S I A, A X A AR
HUBRE LA b 2 6] Y A% LA Sh B 1E . PR 1 siis
SR /N AR P e, AR BT T 2 R s A L, AR
NEH R, AR AR A R 351 &, s A IE
RS EXT FEHEAT A BRI IS 5% 22 By 2 B 4 i 1
1.2 ms LA, TSEBRI 5T, RGERORTIE S53d M PEAS
EZRTE SioS

1) ST WAL TR AR5 200 I A v A
SENPRAEDR 2R S LB 6 A R R 2 A1 W) AR W G 2%, L
KAy e s s o g I 2 MRk BLAR i AR 1 ik
W

(P Z B E S R, R —2)08 3, fif i Ul



53 3

3D #UE5 | FIChR E MU APLE Rl ] R 5 - 97 -

A AR
ARG)
e

AR

‘ SIS B R TR U A— BB (XY o Zamey)

MNE XTI ABRR (s vy 2)

—

N O N e —

\ REGER PR | | — o AR X 17 22
4 AR(6) '

{ LR TR \j

M e —
B 4 H bR A5 (X, Y, Zr)
e . e ——
i HUBOE H bR ARAR HTi#E5) %K%

K3 Bhas Ak brm i

Fig. 3 Dynamic coordinate mapping module
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