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Abstract: To address the challenges of decoupling center of mass parameters in existing end-pay-
load identification methods and the difficulty of implementation on robots with non-open controllers, a
torque-balance-based modeling and identification method was proposed for robot end-payloads. The
identifiability conditions of the end-payloads were analyzed under joint torque balance, and identifica-
tion models for the end-payload mass and center of mass position were established. To further decou-
ple the mass and center of mass parameters, a three-step identification strategy was designed, where
the load mass was identified first, followed by the center of mass position in x and y, and finally in 2.
This strategy effectively eliminated the error terms introduced by the projection of joint torques in the
identification models. The efficiency of the proposed method was validated through simulation and ex-
periments. Compared with the built-in identification method of a non-open-source six-degree-of-free-
dom robot, the average error in mass identification is reduced from 0.103 kg to 0.032 kg, while the
average error in center of mass position identification is decreased from 50.25 mm to 4.14 mm. Fur-
thermore, compared with dynamics parameter identification, the mass identification error is reduced
from 0.179 kg to 0.083 kg, and the center of mass position error is reduced from 10.13 mm to
4.33 mm.

Key words: industrial robot; end-payload; torque balance; parameter identification; torque pro-
jection
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Fig.5 Schematic diagram of load identification posture
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Fig.6 Effect of center of mass position on torque error
S50 BB BT AT RUR A% om, I £ 52 41 56 A
SEHLAR R 22 AT AARTH . 012D AT RUS AL

o Aty — ATs0

(23)

m
P
ga,cos 0

i 2 (23) AT AT AT 2 AR i 07 B

SRAE BT R — A ST A5 BN TE vk X 7
PR A HH R DR 25 BEAT I B 25 S BUTUO AR AR vy
Az BERANHERG . B 1.2 a0 B y BB
BEH o BT T 6 JghE 90° 515 3]. MEA1.1
T O 05 HLAE R B S HH AR 2 (8] DR 25 B9 g3 B R]
PR 2 TR R R 22 2 th y 5 Y AR AR
TFEEY. B PRy A AR A TR DR 2 R
x J7 1) B AL AR B, T BR B RO A T B iR
2E AR om, BAVUG SR ML & o Fy (9
R T R BT R R B R S A AR R 1Y
Oxy “FHE|E 5b PR L KT « My 19F
IR

Aty

x
[cos 0 sin (9:||: :l =
y m,g

T m, Bl J5 R R A br R Ozx
T 2 5d Fr s B4, T 0T o il - F 1 5 72
zcos 0 = Aty /m,g — (as +ds)cos § — (x + 1 )sin 0
(25)
X (23) ~ @25 h, XL H o, 5
KAHW RIS b, FXALDMET N ¢, KX
(23) ~ KX @25 TG —fhifLh
e 1192 -

— (as +ds)cos 0 (24)

ob = (26)
TE SEBr BN R AR n ZHEUE AT 15
¢.b=29,
zb - 5\2
e 27
0.b =0,

2lo, o, 0. ] D[ I,

8, 1" AW A /N e T A NI b SRR
b= (D"®P) 'Y (28)

IR AT DL e BN TR R 2
Wt 5b s WA T By 4% R HLHE R T
m, s 55 O R E H R B m, MK 5b AT
ST LR T T R SR A S O A bR 2 By 2R
=8 KB m, ML AR AR 2 A 5d
AT ST L S 7 B SR R O AR AR =
22 {AEWIE

T S BT 5 WA R0 7E Simulink
FEHE T AILAS AR Il 7 RS X i 0 vk HEA T
I, 125 SolidWorks 1 Simulink B 448
AL AR, SRS 7E Simulink gy A &3 f
IR0 BIEG B 57T 2 RT3, R4 A5 B MHLHE
RO R R R iy 1 B S B AT B O R A
Bl N A B AR A L LA N AR (AR RS 43 F
BE R, A 7 R

HLEE A F BEHI mg%ﬁ}g:% HeiE R
fon Pt
ot R
. @
—» &‘

7 HREEFHE
Fig.7 The simulation process

HLae A3 i AL 45 AN A7 5G9 9 4 1 g
AFIR G A AR R . 85, 722 #U 0L T i
R LA IR R S A bR R s BB s
AT AL B (BT S o AR DR $5 AR B 28 25 A 1Y 1§
UL SR ST 2, 56T 2 i SR R Y I A
07 ~ 55° Fe g B BEBL By 1°/s, KT 3 fRIFA
2y 2l i B R A H Y out.2_1 SRR 2
AR s out. theta 5K £ M1 s AR S R $p R Ui 8 5 A
AR T 2 TR LA PR LAAR [) 0 3 B A RT3
BT 3l FE R AR out. 13 RAESETY 3 1Y
HIE .

BB b R I B A TR] B 28285 5% B3
I S I 30 B B0 G 1Y 2 MIOCHY 3 IF R4
Hio REEUEE R (23) @ Fe/ A kXt



e R A S5 B AL R i B A R

B m, HFATHHR . BHRS IR m, S5 OROCT
3 WY HHLHE AR AN A B AR BARA K (24 X BTl & Ak
PRl y AR AT R . 25 PR 4 R i R AL
KA bR R 2 BHERN S v, AT 5D HIR |
R P R A 5 RN B R O 93 N EE B OG 2 M
KT 3 I SRR R B B AR A K (25)
XTI 2 A AR AT HRIR . BRIRAE Rk 1 Py
N HE— 2 H AEHLAE B AIE R 0 BRI 2E
0.3 MY FH MRS A A 1M IS 9 55040 X K i
AT PR RS Rk 1 ProR, Y
KR 0.3 B B BER e RiR 28 0.047 kg, i
DR KR 224 0.373 mm., FEIH 45 R L
JiAS BAFAE MR 7S B, B IEURS BE A Ir FR%

®1 FAEAREFKETHRBHRAGELER

Tab.1 Simulation results of load identification at

different noise levels

a5 sy | i | R | R 0.8
R PR 2
m,/kg 1.0 1.82 x 10711 0.001
x/mm 60 2.33 X 1078 0.221
! y/mm 50 1.72 X 1078 0.202
z/mm 75 3.67 X 1078 0.142
m,/kg 2.3 2.23 % 10711 0.047
x/mm 70 2.11 X 10°% 0.088
: y/mm 65 1.01 X 1078 0.095
2/mm 50 2.09 X 1078 0.373
m,/kg 3.4 | 2.68x 101 0.0016
2 /mm 90 1.84 X 1078 0.091
’ y/mm 100 8.67 X 107% 0.001
¥/mm 85 1.87 X 1078 0.184

3 Ml AR AR LR

3.1 EWigit

R B AE BT B O 1% 3E I AT S, L EC66
PLES N R A TEXT G J8 I S 36 iz AL 4 N 45 T 4% A
FER HoR e K oh 6 ke, 0B T B A
S 6 2% U0 UIF S5 8 AT R A A Rk iR A S
Bk BN 8 R . Bk 22 BT L AN R R
F8 BT et R 3 Ao B e S [ T R O RO 9 E
EHR AR ERO SRR E Rk A
[ Y 2 W A L LT A R Bh e AR
B0 A7 TR o R i £ B O

K AR AR N 9 FroR, — 3L T
5 AN ) ot &t A BT o R AT 528, SE BR BT &N
0.744.1.238.1.489.2.468.,2.963 kg, JF.L>S25 ()
RS AE 8 PR HLAE A R I 25 2% i 2% W
L OB 8 BT T H, T HAE M B RS Bl AR
JEO VB A TR 0.897 kg, 1SR 4
Xy Ml AFRBERIEAT I UE B UE & B 53 A0

Y S ——
. T44 kg

\ 1. 238 kg iy
r/

1. 489 kg /«"

|

2. 468 kg 4\ ‘

2.963 kg

]
ms ZBREE

Fig.8 Experimental setups

PiR ]

[ &1 GBEmy. v y)] B2 RR2)

| LA |
T kTS

o v
IR NEA | g - —
e 8 [ R
_ & >
ﬁiif iy Etuf " A s

SRR

BEITRERNELA L fE A HHR B R B
FHRm, xHMy SHT 2 HATHHR

B9 RmcEPHiRRE
Fig.9 End-payload identification process
DAFREFEARAS vy il 2 R, .y Az #8555
WE 125 mm.215 mm Ml 305 mm =/ .0 31T

T 23 A A7 Ja 73 ) 2R B P 5G9 £ A B AN
FL £ L e P LAAH ] B S L )
T e Bl — IR ST 2 AR 3 JF SR AR I 5 1
JE R AR R P UCR 4 09 £ 2 20 30l O 25 2 1
BAE T B f R AL, AT 2.1 R R T
MR YRT BT RS L AT HEIRL
32 HWAX®W—

TR B WA 10 Fros. ARYEE 9 Bl
Gy 2 ARG 3 06T CRAEF B M B
ANl TR B R AT BN OF S LR N A B B
R R ARG R IEAT X L S5 2R N3 2 Fros iR
PR 2 19 BRI (B 1), 5 R R W], frf
MR RIRZE N 0.052 ke, PR 28 0.032
kg s Hlas AFERER T B RIR 2209 0.135 ke V-4
P2HK 0.103 kg, MIE 11 AT LIA H L LA AT

¢ 1193 -



FEPL TR 4 36 % 5 6 0] 2025 4F 6 H

J B AR DR 2 2 B A T o 14 8 DR 484 K T e 42 7

TR I BRR 22 th T G R 1A Al S B R

HaF BRI N T AL A A AR R i IR R 22

oK 2 WY T D7 32k 0o A S £ 280 5 R B PUR A 280
: .

el ||
LA »ﬁ_ula.uu i

@

B 10 SLISIREE
Fig.10 Experimental environment

x2 BREWHRGER

Tab.2 Mass identification results kg
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Fig.11 Comparison ofmass identification errors
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SR 120.32 217.94 300.00
IR PN 3 93.42 196.50 340.29
=R R 127.33 211.77 298.35
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Fig.12 Comparison of centroid identification errors
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R R N 4.225 kg, B0 (72,306 mm,
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150.631 mm), X L4554 i 7 B £ J5 ¥ 76 42 3 AL
N R G AR L LT B RO BE AT T LA
N AR IF R % B BT iR 25 A 0.086 kg 3
K2 0.115 kg, BERAEBEA IT T RE . & X — 45
S0 Ji LR AT R A T B 5 A T O T LR A
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Tab.4 Repeatability error

I x/mm y/mm z/mm my,/kg
1% 2.75 3.14 3.27 0.013
3% 2.91 2.94 3.31 0.025
5% 3.33 3.54 3.75 0.043
10% 4.45 4.32 5.47 0.073
15% 7.33 4.45 6.54 0.098
20% 9.75 6.58 10.34 0.130
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Fig.13 Identification results of 10 repetitions
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Fig.14 The open source robot with 6 degrees of freedom
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Fig.15 Exciting trajectories
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Tab.5 Comparison between the proposed method and the

dynamic parameter identification method

a1 B Rk PRIk

ZE | BRE | 4 R
) itk m,/ kg 0.5 | 0.315 | 0.185 | 0.412 | 0.088
Ji> =/mm 18 26.3 | —8.3| 23.2 —5.2
) e m,/ kg 1.0 1.213 |—0.213| 1.092 | —0.092
Jt> 2/mm 24 34,5 | —10.5| 21.6 2.4
; S m,/ kg 2.0 | 1.862 | 0.138 | 1.931 | 0.069
Sl B 2/mm 33 | 44.6 |—11.6| 38.4 | —5.4
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