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Abstract: Aiming at the problem that the measurement system of the articulated arm measuring machine cannot
complete complex functions such as trajectory planning and error compensation, a measurement system for the
articulated arm coordinate measuring machine based on the Unity platform was developed. The functional requirements
of the articulated arm measuring machine were analyzed and the corresponding algorithm model was established. The
measurement system of the measuring machine was built on the Unity platform. For the measurement system, the
virtual prototype display function, the synchronous movement function of the virtual machine and the actual prototype,
the multi-joint synchronous trajectory planning function and the error compensation function were respectively
designed. The measurement system was used to complete the measurement experiment of the standard ball diameter.
The results show that the average error after compensation is 0. 015 5 mm. The integration of the measurement system
functions of the articulated arm measuring machine was completed, laying the foundation for the realization of the
automatic measurement of the measuring machine.
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measuring machine
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Articulated arm coordinate measuring machine and the

model of the object to be measured in Unity
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B bk 1
544 1
B £ 4K 2
RN N
1
1

CRC #% %
=

1 Unity "4 5z gl 2 ) A fF 6 63 ST B4l
TR HLEE Bl A B A R T O B A v, AT S IR [ B
XF 6 AT BEATIE S .

HE FMALAE B S I A5 7 SE AR AL iz SRS 0 2 Tl 3
WIATR P LA 50 IR /s B4 [ 5 A5 3R, KT 4 B 25 BT 30 5% 19 é i
F R BCE AT BRI AE . TE BRI e 5% M R IS L
Unity Engine H1) Quaternion R, ¥f X 26 £ FF (5 B ke 5t
2 AHL B HE R 56T . A 3 b WS LD AL Y e i
ST BEAE A Bt 4t e BRI AL o by LA [ Y O ) RS B



MBE F RV ANE AR AN F AL

5 13 )

HEATTER: . DA L) T R A 33K ol s 430 0 1) 3 40 332 B 5 5
ik R S 45 1, (545 k2 ML Y e 1% 22 B 50 fps MR 3h
T 25 A AT v 32 3 . b A AL SR AL Y38 BIRA

D2 AL 00 Sk 4 i 280 5 D0 4R U ) S IR SR R A
WM, Wk b & 55 B DAQ RE K RE, £ Visual
Studio H' fJ. NET Framework HEZ2 F &5 A NI 2\ & 19
DAQmx 5 Common WA, dll X, S 7E. NET 8T
W DAQRERFES., HEERERIT, LM A3
DAQ RERES K RIMAMES R EHEAGFENH
K A% 8 F| Unity F & 19 LA AL T, DTS2 80X fil % 15
SR,

76 MATLAB i # 57 il i HL IE iz g 2 B8, L
HRE RIS o 7E. NET HEZE T /Y. dll Sk 16
Visual Studio 45 il & # )7 . (HHEA 6 T MAE B
SISk A bR FR Y AL AR B AT AR A Sk A b, AR R B
5 Unity A7 HURE P 8 57 8 &8 15, 2 0ck A
D AILFR P2 BB Y 6 AN OG5 A BE (R B 11345 2 A ) Sk Ak
b B 1l LR B AR R GRS R 12 PR .

PATHRE PATRE

function B

i %’ s 3
N e
I&ﬁ%é

210
@ Ethernet HUB Cable
=
Q&.f’/ ECB HUB
LA
@ q

DAQREF
K12 BRERS%

Fig. 12 Communication system
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Fig. 13 Upper-level machine software structure
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Fig. 14 Upper-level computer software interface
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Fig. 15 Standard ball measurement experimental setup
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Table 5 Coordinate acquisition of the test point (mm)

(ERUIP FFE AR (s y o2)
1 (—614.662,54. 038,250. 676)
2 (—585.688,35. 581,247. 230)
3 (—608.307.,13. 257,247. 450)
4 (—604.582,37. 245,268. 774)
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Table 6 Final measurement of posture ()
T 0 45 0, 0, 0, 0, 05 s
1 43. 940 39. 822 —59. 582 83.902 —26.735 5.634
2 38.093 25.145 —42. 244 88. 030 —45. 281 13. 398
3 47.873 37.431 —57. 856 84. 374 —25.562 8.618
4 45. 259 33.999 —56. 766 83.310 —24.229 10. 550
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Fig. 16 Joint synchronization planning simulation
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Fig. 17 Standard ball measurement experiment
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Table 7 Standard ball fitting diameter (mm)

WAL A R A o BR A R
1 38.098 7 —0.014 1
2 38.125 3 0.012 5
3 38.123 4 0.010 6
4 38.116 7 0.003 9
5 38.104 5 —0.008 3
6 38.107 6 —0.005 2
7 38.128 9 0.016 1
8 38.101 2 —0.011 6
9 38.129 8 0.017 0
10 38.132'1 0.019 3
-1 38.128 3 0.015 5
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Fig. 18 Standard ring gauge measurement experiment
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Table 8 Standard ring gauge inner circle fitting diameter and roundness (mm)

215 N el BANEEERE #HAERXEERE HERZE 5] HERZEEYE  REFHYE
1l 30.035 7 30.016 5 30.026 1 0.025 1 0.009 6
%24 30.048 3 30.025 9 30.037 1 0.036 1 0.021 2 0.030 8 0.015 2
34 30.041 9 30.022 5 30.032 2 0.031 2 0.014 7
Hp R B Tk b RILA R RS /AN A R 279-283.

AR 2EE . AR 2 SR AR R 0 R R EL N [ AR
IR 0. 030 8 mm, FHE K 0. 015 2 mm,

4 & ®
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Ma Xiaochun, Shen Mei, Hu Tingting, et al. Multi-
motor synchronous control system for self-driving
articulated arm measuring machine [ ] ]. Machinery
Design & Manufacture, 2024(9); 279-283.

Sl 6 R A WL R 55 A RS A0 B [4] Yeno'rkar R, Chaska-r U M -GUI l.oased ?ick. and p‘)lace
BITR TR A bR T B AL 9 25 0 2L 5 T A S 3 7 i robotic arm for mulllpu.rpose 1r‘1duslrlal appl1callons[F/]//
) . . e N 2018 Second International Conference on Intelligent
Al L3 5O SEBIL I £ AR S D R oK M T Computing and Control Systems(ICICCS), 2018 200-
X A L 0T b LA s,
SolidWorks % 5 A £ Unity - {5 # {E i FF AL . 3t 13 1A [5] Sung W, Hsiao S. Intelligent measurement and
R R 388 A5 S5 B M 300 5 A A L 1) 3 3 AR A O B d B R A monitoring by integrating fieldbus and robotic arm[]].
G, K G R AL S SEPR LI 2B 8, 52 Intelligent Automation &. Soft Computing, 2022,
BUAE L% 519 R A s I ek L 32 5 B0 09 M D . 3 e ol s 34(3): 1737-1753.
S A U B LR IS e A5 SRR REHLAR B k56 (6] Duan) G. Gong X R. Zhang Q L. et al. A digital
B 500 0 ] 5 R 2 kML 2 T R A W R A A, I SE B twin-driven monitoring framework for dual-robot
1 2l % 75 0 40 1 0 o 0 O L S sk S B I TIE A SC B 4 1Y collaborative manipulation [ J ]. The International
TS G AT AT L BB T LA 2 S i B N A A Journal of Advanced Manufacturing Technology,
fE IR 56 B T 6 A~ 36 T I 4 0 07 B E L B 2029 1ZO/D AT A5,
T DB LR R B TR B2 TS B2 0. 015 5 o, . ﬁdj : D%i;‘ﬁ;“‘fff? ﬁﬂgﬁ Fiie
XML EEA T 5292 0. 036 1 i -y 52 25 L Xinte, Do of the bidieetionsl eflecton
J9.0.021 2 mum fRUE T OCRE A b U BEAIL A A distribution function measurement system based on the
AR SCBETE RO T 452 28 G0 30 A7 A2 15 B 200 1 e D« AU AR six-axis mechanical arm [ D ]. Harbin: Harbin
I 5 A B Bt AT 5 T S AT, Jo ik A ST, 5 287 AT 5% Engineering University,2023:67-75.
R A A AL A R SR AR B RN AL IR A (8] A, —FhHLMUE AR LM HILD]. ot . Lotk
MR AL bR DB . 5% 22 MRS Y R in AU BE b 422 K, 2019:60-66.
B, fEIE E AL B R IE LT 1% 22 kM A B AT B TG i Fu Qiang. Nonlinear control for a kind of manipulator[ D].
WS BRS BEER Beijing: Beijing University of Posts and Telecommunications s
52t 2019;60*(1?.‘ o \ ‘
(o]  Ek&fe, @sOl. BEPL a5 i MU I A AL 4Rk ik
(1] Feng X G, Zhu ] Q, Zhang J Y. The length error FFOT. BRACHI s B R 5% % . 2020, 56(8): 109-110.
compensation method of articulated arm coordinate Wang Zhihua. Gao Wenbin. Software design of upper
measuring  machine [ ] ].  Review of Scientific computer for modular reconfigurable manipulator[]].
Instruments, 2019, 90(10): 105106. Modern Manufacturing Technology and Equipment,
[2] Girija M, Vinod K, Mukesh J, et al. Measurement 2020, 56(8): 109-110.
uncertainty assessment of articulated arm coordinate (107 %FL. VU E i EE T WL AGE 2122 40 b7 B 55 ) 2 B0 T
measuring machine for length measurement errors E[D]. HiH . WiV B TR, 2017:33-45.
using Monte Carlo simulation[ J]. The International Tu Kong. Kinematics analysis and control system
Journal of Advanced Manufacturing Technology, research on a 4-DOF industrial robot[ D]. Hangzhou:
2022, 119(9/10): 5903-5916. Zhejiang Sci-Tech University, 2017 :33-45.
(3]  HhEdE, i, S, & HEI X WENEILL [11]  Hj=. B UMENL 2 A6 R L5 53 (D]

AL R o LT, ML it 5, 2024 (9).

K KJFEH T K,2019.:25-62,65.

+ 119 -



9549 % L L I S - S
Cui  Chen. Research and design of one-arm 53-61.
collaborative robot control system [ D]. Taiyuan: [19] fpitve, PhBEEE, LA, 1A 9K 3¢ 19 B A Ar i i AL w]
Taiyuan University of Technology, 2019: 25-62,65. Mk akit S5 E[]]. THEE AR, 2024,
[12] FERFE, KEN, BRRFE. N H B EE R 5 &IT 58(5): 156-160.
HEhorSursE 1] B 70 &R, 2021, 44 (4) . Yang Hongtao, Sun Luyao, Shen Mei. Design and
1-8. simulation of visual monitoring platform of self-driven
Wang Fengxiang, Zhang Zhijie, Chen Haoze. Design articulated arm coordinate measuring machine [ J ].
of 6-DOF manipulator system and research on control Tool Engineering, 2024, 58(5): 156-160.
method [ J ]. Electronic Measurement Technology., [20] BESc¥s, TIRE. 4, 2. MG A E I E T
202144 () 1 VIR« Nk B 2 A IR (). AX
[13] F&IE, FE@ s BRERIR, SF. BIHLAE B B E LA B R 2025,46(11) :1-10.
Eg?;fﬁ“%/bw‘ﬁ“[ﬂ' FI 85 (A (. 2023C12) Chen Wenhao, Ding Yinye, Song Rencheng, et al.
178-181. Advances in measurement uncertainty evaluation:
Chen Danhui, Zhang Zhihua, Chen Hufjuan, et al. Modular From statistical methods to neural network indirect
collaborative robotic arm  control system  design [J ] evaluation[ J ]. Chinese Journal of Scientific Instrument,
Automation & Instrumﬂe:ntaiion, 2023512‘) :441478*1811 - 9025 .46(11) :1-19.
R L) K B R B AR R W RS
FE MR ZEBIE T ELT]. R4, 2025, 46(6):
35(12): 93-100.
Zhan Yuyi, Hu Yi, Hu Penghao, et al. Measurement 71_782.' ) ) ) ) )
and control system of seli-driven articulated arm Li Xinfei, Yan Ran, Xia Lei, et al. Calibration and
. . . error correction method for a line laser train wheel
coordinate measuring machine [ J ].  Journal of
Electronic Measurement and Instrumentation, 2021, measurement system[J]. Chinese Journal of Scientific
35(12) ; 93-100. Instrument, 2025, 46(6) . 71-82.
[15] B ARSI R g e gy (P2 IR RO AR, . A AR
RBERSGEHBI D], S, &0 Tl k2%, 2021, %(NEZ’(*H BEAME T RS )], a5 A 2
17-24. R, 2025, 39(5): 59-66.
Zhan Yuyi. Research on error compensation of joint module Jiang Xinyi. Qiao Guifang. Nie Xingang. et al.
and system control of self-driven AACMM[D]. Hefei: Research on the pose measurement and accuracy
Hefei University of Technology, 2021:17-24. compensation method based on draw-wire sensors[J].
[16] #pkvl, RASIE ., oM. 25 [ 0K 2h 56 9 e Ak k7 I 4 Journal of Electronic Measurement and Instrumentation,
MLERLHLINE R G F it S5 ET]). TREAR, 2025, 39(5): 59-66.
2022, 56(3): 104-108. (23] &R, LR, K, % JET BP MAMKE LR
Yang Hongtao, Zhang Mengyao, Shen Mei, et al. MEENL B IS N R g ik [T BB R,
Software design and simulation of host computer 2024, 47(4): 188-194.
measurement and control system for self-driving Li Chundong, Zhang Shangwang, Wang Fei, et al.
articulated arm coordinate measuring machine [ ] J. Design of adaptive control system for hammer mill
Tool Engineering, 2022, 56(3): 104-108. based on BP network algorithm [ J]. Electronic
[17] skA 3. [ UK 37 Ak bRl & HLI 4% 80 &2 [D]. Measurement Technology, 2024, 47(4) . 188-194.
Memg . LR TR, 2022:36-48. EEZ"-N
Zhang Mengyao. Development of measurement and Bt e T 2 A S0, R SRS T O B
control software for self-driven articulated arm o 0 A AR B 330 5 1 R
coordinate measuring machine[ D]. Huainan: Anhui E-mail; loid@163. com
University of Science and Technology. 2022 :36-48. RTIE . W55 25, 3 BHF 50 77 10 o [ IR 30 56 4 B ) 42
(18]  FhBIR. H 9K Zh 518 Ae b I & ML 4% 3 U 8 B F- & 5
W5E[D]. Wer: LRIGE T K%, 2024.53-61.

Sun Luyao. Research on virtual interaction platform
for measurement and control of self-driven articulated
arm coordinate measuring machine [ D]. Huainan:

Anhui University of Science and Technology, 2024 .

120 -

E-mail : keyuaner2000@163. com

A

M G EED I L, PR, 32 55 5 o R 5 1
SERE

E-mail : MeiSsally@163. com



