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Robot Kinematic Calibration Using a 3D Scanner
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Abstract: This paper proposes a novel feature point estimation algorithm utilizing 3D scanner for
robot kinematic calibration. The proposed algorithm identifies feature points from 3D point cloud
data obtained by scanning a polyhedral measurement jig attached to the robot’s end effector. By
systematically estimating the intersecting points of three planar surfaces on the jig, precise and
consistent feature points are detected. The identified points are then employed for kinematic
calibration, demonstrating the effectiveness of the algorithm. The calibration experiments were
conducted using a 6-DOF robot manipulator, Rainbow Robotics RB5-850. Calibration accuracy was
verified using distance error modeling without requiring transformation matrices between the robot
and scanner coordinate systems. Experimental results show that the algorithm significantly improves
positioning accuracy, reducing distance error by up to 93.16% in training data and 67.89% in test
data. The proposed method offers a practical alternative to expensive laser trackers, enhancing the
usability of 3D vision systems in industrial environments.

Keywords: Robot Kinematic Calibration, 3D Point Estimation

.M 2

25 o1& o] & (Robot Manipulator)+= 1
AU EE vlEr o 7 AL GFAFA] 7] 1, HHEZ o] ko] oﬂ}\-]
9] A3 thAIsHL ot 25 vjyE|olE 9] g7t
A FAo YT 714, &3], AxY, A 24, 84 5

V& 22 =0

Received : May. 29. 2025; Revised : Jul. 13. 2025; Accepted : Jul. 17. 2025

% This work was supported by the Ministry of Trade, Industry, &
Energy (MOTIE, Korea) Program, Grant No. RS-2024-00416440,
“Development of the Al-based autonomous task planning and robot
teaching solution for highly complex manufacturing assembly
process”.

1. Assistant Researcher, Korea Institute of Robotics & Technology
Convergence, Pohang, Korea (jwb951@gmail.com)

2. Senior Researcher, Korea Institute of Robotics & Technology Con-
vergence, Pohang, Korea (junyoung@kiro.re.kr)

3. Graduate Student, Department of Mechanical and Information Engi-
neering, University of Seoul, Seoul, Korea (gkrwhdgns116, shyoon,
yh04129@uos.ac.kr)

4. Chief Researcher, Co-Corresponding author: Korea Institute of Robotics
& Technology Convergence, Pohang, Korea (mulimkim@kiro.re.kr)

1 Professor, Corresponding author: Department of Mechanical and
Information Engineering, University of Seoul, Seoul, Korea (mjhwang
@uos.ac.kr)

Copyright©KROS

clere A1) BAollA] 2320] 91A] UL AEe] B4}
e AR A a0l
ek, Q) 23k AlRto] Ao ket 2, Hlof)

AE719t 22 25 iU E|olE 9] 38 FFo| nh EH, O]
E Qs =& miy&d|ol e 9] 913 HE=7} AstE= ZAI7T
SRR, ERL, AJAF Tl A sk 2 QAo i B
9 7k a7t 22wy & olE 9] YA AL =E A4 E
= golo] 9},

o] 3t 8R1EZ siAstr] fsiA= 2R Wiy &g olH
9] YA AL L5 FIAZ 5 = B 7S e E o]
A (Kinematic Calibration)o] & 5|t} 7|5} | H glo] -2
E25.9] Ao AR 34 wHEtr] | (Nominal Parameter) 2 7
AbE 229] 9|2t MM E Sl SHE =2 AA A &
Afo]o] QA5 Alitsto] HEEA 0 2 225.0] 7]515] uieju|E
£ BAs0] 913 225 o] Urh= o o,

Z|Z2oll= 915 A5 (Artificial Intelligence) H A1 FS 7] HHZ]
S5 7Y 52 885to] 2RO A AL =E T I=
F7F Es] APE| 1 QIotel o] gk a2 250 7]:rLEL
g Qo 2R Ao Y& v|A|= Bt v Y



https://crossmark.crossref.org/dialog/?doi=10.7746/jkros.2025.20.3.360&domain=https://jkros.org/&uri_scheme=http:&cm_version=v1.5

9% B2 B8] BT 4 ek Aol Slck. T o
49 3 el 7} 205K, 23t 2l o) i 7
Al
J

M

Tl
7t 8= o] Helgo] B, Agh oA 9] Agoll= HT
1 48 ST ofs oto] e,

23 7178 e ueo] do) BEg ol A
I g O N D
2ok w0 2 AR ] 9 54 A 10igel B2
2 A7 230 9IRS 2ok B2 T} Aol At
P M 52 230) S FeHA 02 2ol 1YEA
o]__][lO IS]O] o]]:‘l_

[7]12 25 gt} Fof E]X] =& H(Touch Probe)S H-2}5} 11,
el Ee 79 A0 Belel 7 54 21 Aelg
Akt Ak QoL AA] 79 A7) 712 7 oA =
Holo) 2] 7|7et ejulelg enalold B, (s}
LVDT A2 £ A4S 23 weto] 47547, 479 412

B 2205 Aeloh A% 20K, 20 7120t 20

255}

asay :gi 220] XS ZATH WAL 4 B
oA WA=l o, ), Gk e ARl 2olo] FFL 4
A ot @A 2571 felshehs Aol Siek. E3 A
A OR O W GO $O 24 YUES 74 4 Yk
Aol Siek. ek B ALe 2 Mot AX)E X 10 At
o), £ dlofelE 7402 7|73} stetuel S H =k
7] W], 230] BhE AAA YT FS A = F

Ayo] SHAF HAE] ] 9F-8 4= 011—,].[9]

HHSA S IS ASA &4 A ET 2R vkt
AAE AL S740] 7hs sttt HEH o= oA EfA
2 9g3 53 7] 75} AelBdo] o] Yk Fo] A E
AL vl 2e 274 YUE} 2 U SRYES 714 T 0w,
2320] ot AHlE 29T 5 Qe Aol Solct. 17
U, Ho]4 EdAL o A4 et 17t0] guole], A Q1
ol gt 2-go] 8TE} Eh ALY ARIAE BTkl F
43 73571 Eot, o239t 83 W golA EFAS &85
7] o2 o] AUt

go]A EgA 9] A BAs] YA thE wjHEA Al
A& -goto] 25 715t AR BjolAd she RSl A
3kl 011—,],[12-15] [12]& 283} v AL E-835F AAF A|AH o4
ZH.9] TCP (Tool Center Position)S 1Y% 2% Hof =
o g 23] 7|l Zg| B go| A £55tt) [13]1S =
Bho] AR U7} 23 2] 18 A sfod, 23 o] 2
A2 1A Steeo vision)0 5. 229) 44% 247 2]
Bl 4 SHRICh [1412 Flo] A 9] MAlek s 7
Aot Seo|ES AFgalo] 230 A Aol 2 ZHTA T &
5 AR EEeldE #rttt. [15] dFolAE =2 22

=

4_4

3 2 S e 22 7)1 70}

AelBgold 367

RGB-D 7HH|2hE F2tsto] 2] A =0 Ql=AA HES
Q1A= o =, 250] RAR] AT & 75t =25 AT
Ho] A4S F33irt.

T FoIA % v AllA =AY @A de] AR EDL Q=
AlAjo|H, 250] HA| =] o] Y= FFNA e TA AREHH &
5|, B Al 7R 22 A AR HE 0| 71| Qlo] &
ol A w2 Az o] g 34T &= Qo] A-gAJo] el

o|2|3t HH 7o Al L& WH OB = L2 W4
9] 32+9d 27](3D Scanner)4 RGB-D2}F 22 321 1] Al
A7} et o] A|ARIEE B Id ol 4 X 1E F2k6}
I, 2719 B4 A& &7gsto] 229 AXE SHL 5= AU
184y, 245 dlo|E+= 3D EZRJE 2= (Point cloud) ¥
= Y=, Hlo|g7} o E5HA E2E o] 9lom,
o] FolA 2R EA YAXE HgsHA &= Zlo] oFot

£ Y& 2= oA ZIE Z2H9-E HlolE7L B4t
sl BRI, A Lo AHL AEOT A
gt AA ] Fgo] WAoot 7]& A7 EL 3D EJIE
SEREoA A, A, Wi 22 B FE517] {1t il
ool 17} 213517 9105, 27 o] elo] 1ol 27} Wl
At 2823 Hole/} 171 A9 AL s A0
sl “gekstA =4517] ol

2 =rolAe 33 AU E S8 2R
glol o sl A&starat gt 259 Hﬂ%%x P
oA 449 &4 A5 Aljbetal, 74 219 B4

-zrxé%‘#%—%:e* ﬂ?%ﬂ@”} EP eIl ﬂuL

30

w30 M

w
v

> e e |z

ai‘;
o

i)
ol
_:3
Ku
e
1o
(98]
_>‘i',
d_q
do 2
i
4
o
SL
+
%0, |
X,
ofr
8 mlo
1
o,
(i
o

2 =Y S e A 2 T—oﬂ/\-]
2|19 EAHS A=
e 2R 7]tet éﬂEEﬂO] —%5}7] HO]' EE. 7]:[L*61.E

mlo

2.1 B 92 24 duElE e

H L= Ho|qL 2120] 9 & ZA517] Y EF A 1S =2
B altho] BZsla, 33 AU S S8ato] s 1| 719] 3
ARS ARG A7RE glo|HE 341 LOlE STk )



362 =353 =22 A20H A3E (2025. 9)

Measure Point

Measure Point

Jig

[Fig. 1] Examples of feature point estimation strategies
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[Fig. 2] Feature point estimation algorithm flowchart
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[Fig. 3] Sample Point Extraction and Center Distance Calculation
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[Fig. 4] Comparison of Normal Vectors for Each Sample Point
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[Fig. 5] Case of Non-Coplanar Sample Points
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[Table 1] Results of 10 Repeated Measurements Using the Feature Point Estimation Algorithm
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Unit : mm P P,
Cycle 7 i 2 7, Yo Zy
Reference -73.6937 42.9056 661.386 105.390 46.8749 689.947
1 -73.7353 42.8473 661.352 105.391 46.8357 689.990
2 -73.7285 42.8406 661.298 105.323 46.8236 689.956
3 -73.7097 429914 661.384 105.281 46.7882 690.069
4 -73.7510 42.8092 661.360 105.427 46.8502 689.906
5 -73.7951 427750 661.358 105.373 46.7972 689.952
6 -73.7953 42.8818 661.298 105.298 46.8087 690.022
7 -73.7763 427794 661.322 105.299 46.898 690.041
8 -73.6764 42.8062 661.356 105.393 46.8805 689.935
9 -73.7385 427563 661.420 105.358 46.8499 689.978
10 -73.6725 42.8241 661.323 105.374 46.8506 690.015
Average . l_/l & 2 b =
-73.7379 42.8311 661.347 105.352 46.8383 689.986
Error Ty =, Y1~ Yoy 21~ %y Ty =, Yy Yoy P
-0.04416 -0.07447 -0.0389 -0.0383 -0.03664 0.0394

Absolute positional error

\/(51 -, af)2 + (&1 Y af)z + (;1 - ZI‘(’f)2

\/(x.) - xr(’f)z + (?;2 - yr(’f)Q + (22 - Z'rsf)2

0.094916 0.066043
Standard Deviation 0.043669 ‘ 0.067645 0.038147 0.048756 0.035072 0.050757
Unit : mm P, P,
Cycle Ty Ys 24 7, Yy EA
Reference 134.837 -16.3709 748.842 -93.4269 21.2656 593.549
1 134.735 -16.4330 748.815 -93.4489 21.2144 593.519
2 135.007 -16.3617 748.837 -93.3743 21.2739 593.537
3 134.816 -16.4795 748.806 -93.4475 21.3411 593.553
4 134.911 -16.4283 748.803 -93.4080 21.2445 593.520
5 134.777 -16.4712 748.773 -93.3663 21.2492 593.529
6 134.984 -16.3955 748.843 -93.4104 21.2371 593.531
7 134.816 -16.3911 748.798 -93.4418 21.3170 593.593
8 134.877 -16.4318 748.771 -93.4036 21.3057 593.615
9 134.870 -16.4725 748.833 -93.3648 21.2692 593.578
10 134.786 -16.3769 748.865 -93.3565 21.2679 593.562
Average 2 Z & 2 b ;4
134.858 -16.4242 748.814 -93.4022 21.272 593.554
Error Ty =, Yy~ Yyos 23— 2,0 T, Yy~ Yoy 24~ %oy
0.0209 -0.05325 -0.0276 0.02469 0.0064 0.0047

Absolute positional error

\/(55 -, cf)2 + (@5 Y, cf)z + (25 - Zrt’f)z

\/(;4 - Ir(’f)z + (y4 - ?Jl*(g/")2 + (Z-'i - Z'r'cf)Q

0.063515

0.025935

Standard Deviation

0.089314

|

0.041919

0.030373

0.035681

0.039123

0.03284
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[Table 2] Nominal D-H parameters of RB5-850

(7D | g lmm] | o] | dlmm] | 6] s,1°]
11D 0 -90 169.2 9, 0
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5GD) 0 -90 110.7 0, 0
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[Fig. 14] Robot position measurement experiment

[Table 3] Calibrated D-H parameters of RB5-850

i~ a a, d, 0, 8,
107 |0.99473 | -90.012 | 169.2 0, 0
2(37) | 427.82 | 0.1016 0 0,-90.326 |0.073734
3GT) | 393.42 | -0.2404 0 0,+0.3716 0
4(37) | 045798 | 90.058 | -110.92 | 6,+89.503 0
53 0 90375 | 110.7 | 6,40.1903 0
6(GT) |0.03181 0 -95.957 0, 0

TCP 0 0 -89.256 0 0
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[Fig. 15] Distance errors before and after calibration in experiment
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