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Parameter adaptive calibration method in monocular

structured light measurement

Li Maoyue, Xiao Guifeng, Cai Dongchen, Zhao Weixiang
(School of Mechanical and Power Engineering, Harbin University of Science and Technology, Harbin 150080, China)

Abstract: Aiming at the problem that manual adjustment of camera parameters in structured light measurement
was easy to lead to the randomness of image quality, which leads to the decline of calibration accuracy and the
repetition of parameter adjustment, an adaptive parameter adjustment method for camera calibration in structured
light measurement was proposed. Firstly, a set of camera automatic parameter adjustment device was designed.
According to the image change mechanism of three parameter adjustment rings, three parameters of calibration
plate area ratio, image clarity and image contrast were selected to define the focal length adjustment ring, focusing
ring and aperture adjustment ring respectively. Secondly, in order to realize the high-precision calibration and
adaptive parameter adjustment of the camera, aiming at the defects of the traditional Brenner function, an
improved Brenner automatic threshold function was used to realize the accurate and rapid focusing of the image
definition, segment the foreground and background of the region of interest of the calibration plate image,
calculate the image contrast, and according to the calibrated reprojection error. The optimal adjustment interval of
the calibration camera was determined, and the calibration parameters were adjusted by the adaptive parameter

adjustment search control method. Finally, in order to improve the search and positioning speed of the motor
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during adaptive calibration, the parameter adjustment function model was established, and the focal length was

calculated adaptively through the object distance and pixel length. The three-dimensional measurement parameter

adjustment experiment shows that compared with manual calibration, the proposed parameter adjustment method

can realize automatic parameter adjustment within 5 s, and the reprojection error is reduced by 66.57%.
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Fig.1 Integral measuring platform and automatic parameter adjusting
device. (a) Overall measurement platform; (b) Automatic

adjustment device
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Tab.1 Area proportion-calibration error table

Order number

Calibrated image

Proportion 18.07% 20.75%

Calibrated reprojection error/pixel 0.069 0.060

1 2 3 4 5 6 7
25.17%
0.057 0.056 0.073 0.077 0.083

35.86% 44.99% 55.162% 64.46%

20210778-4



s Gk A2

www.irla.cn % 51 %

(2) X6F LB A BB S 5 0 o A 114 5 i)

BRI R R S —. RTR
JGHURREE | F Bl £ AR e, DGR AR RN 5 R R
Po s AR SC R o SRR AL 6 L R A —
HEN, hitm g s, AsDtEER R b2
OGR4 RN, (i EHR A Al R g6 R . RO R
UG 5 % L BE (B S o' B B R PP AN A oA

SCHRL 200 fps (938 B R ARG R AR B3 Y 50 1
P % 215 A b 2 A S, AT AR R 1R 25 A T, o SR
NS B 52 47 g, A5 R0 2 PR, BURS2 BE/N T
FS k4 LUF K& 39 DL B, BT vk iR ) 2 AR & R
Mm%&ﬁﬁﬁ%OEME%Eﬂ%m%th
BV AT AR 0 28] 4 o Al ) B s B8 11%9, AR 2
A AT TR E AR B ARE

R 2 RERX/NEURBREDE

Tab.2 Calibration process when aperture size changes
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Tab.3 Experimental parameter table
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The portion
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Fig.6 Adaptive focus window algorithm flow
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Fig.7 Focus evaluation results. (a) Comparison between traditional and
improved function; (b) Comparison between no threshold and
automatic threshold; (c) Comparison results of different

evaluation functions
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Tab.4 Run time of the different functions

B3z A7 I TR RE XA, BE SIS A B bR (4 I ] N A 7 B8
T ) T AR AL BRI

Running  Focus window/ 3.5 BziASEHAE

Function Rl'mmng Function . .
time/s time/s pixel
Robers 0.1997 DCT 1.1422
Tenengrad 0.4592 Entropy 0.1743
Brenner 0.1719 Range 0.1008 50%50
Variance 0.1959 Vollaths 0.1883
DFT 0.5339  Improved 05y
brenner

AR L L S0 PR AR 9 207, 26 T S0P R
(24 Brenner FI 3l B EL pR K0S AH G TR T5 ik, SO
{8 —Fh [ Zh I S UL R R, WA 8 s

LIS 2R A0 T 5 —20, il id CMOS #
BUR A — TR, I Pl 15305 Bl 52 DA bR K500 Pl 46t
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AT EA, W 24 P 1502 15 DA d5c i BT 1) PR, 25 AN
U3 o B AL o P 90 e R I AT B i B
I A 36 i pR U R AT A A0 06 fi, K AR Bk
SR T R 2 B i i R L BT . 28 0,
R — 5K AT X R I PR, OB i AL
37 B AT LABH R R B i MR, 5 AN, 4RSI 1Y B
FEXF RS HOE (L 2 A i W R AL, R AT 2 Al
T R R AR MUE TS N o 5 =2, AT OLIE A
T TG, I ORIE RGO R b T AT DARR E B 2 A
s HU, PR LI A Y B e mhn e R ETEE N . 58
W R =R, =S EE R SE

4 ELWHEREHSW

SR A DG B o5, BN 5 s, 5%
IR A Intel(R) Core(TM)i7-10750 H CPU @ 2.60 GHz,
¥ 4E & 48y Windows 10, 7F PC #L_F f¥) Visual Studio
2017 1, B4 Opencv 3.4.11 JFIEFEHEAT . 156, FIH]
H I8 S 07 B # AT A AL S B0 3%, 58 AE PLAR A2 o
SR, 38 2o 4 A5 5 ASCFE Bl I A4 2 T L 5 6, AE AL
FARCMHE it AT 2o R fe, LR =S =
Bl

R5 REREHZTESHR

Tab.5 Collection and transmission equipment
parameter table
Camera Model MER-130-30 UM-L
parameters
Model VST zoom lens
Ultimate angle of the focal 120
Ultimate angle of the 120
Lens parameters focus/(°)
Ultimate angle of light
: o 70
circle/(°)
Focus/mm 8-50
Projector Model TJ-X20 Hjl 122 Micro
projector
Model GRB120-11x9
Size/mm 120x100
Calibration Number of dots 11x9
plate Diameter of the dot/mm 5 (Large) , 2.5 (Small)
Precision/mm +0.01
Centerline spacing/mm 10
Motor Step angle/(°) 1.8
Gear Gear ratio 1.74

FEFDUAR S R AL AR, B 3 B R
EAHLAGTE R N o 728205 R B LRI %
(b o A B8, SR F RDE b S0k AT 0, JF R H
TR R R E MR bR R

T, RAEOGHNIE BLAN M bR 2 AEME, DL bR
il S AR, 4 L ALES B B IR AR o S UK R
B, IFATARE, b A B AN AT 9 FR, AHLER 2 Y
Berg iR 22 gk 6 iR, ARAS A HLAR i 45 SR 3k 7
iR

H1 2% 6 ] 7 bR 45 T LA 1, R SCH
Fr A shiA S5 2, = A S EER AT R, T
DA A5 2 A A o I 3 A R ' P 3R ) e
O, LA A WAL 2 7 ¥ AR R 25
0.0552763 F& % A 0.0367982, 45 FEHEL & T 66.57%.
HR, A3 0 WS R BN T F3hE S 3N, b5
SE NS BUINAEE T 52 BRARL, DI A5 AR o 2 F A 2
T, bR R — DR

Rk —E B SR TR R A SRS T A
AP S RERYE, TS A SR SR Sl e
1GoR A R S IR , A5 B A AR R &2 2% B B = 4
ST A RSEA 100 mm>35 mmx10 mm,
B0 1 mm PR fE RS = NS i S =
Be 95 a5 2 AR WO o o AT 30 00E, Aroff it B =
10 Js, fieas it sl L 7 R R e 4 4k
J, N 11, 12 Fios

H1 1A 10~1&1 12 19 28 = 858l T L, i 243 301
o v R SR T A U U, T TR A v R
AN REA B S T T A R BRI, A
ShH S, bR S 25 O T B A5 I R 20T R AE 4
B, BB R AT TS AR HARE B T
B kA SRR &, 8 N S SRR R

R —2B 6 SRR 2 0 2 RS B M A T I, 8
T HAS R 9 2y = o A5 A b of B 5 o R A2
O MK E, 5ESEMRZESET N, W
& 10 (b). 10 (c) K& & 11 iR, 7F Geomagic H1 12 HL
T 2 07 20 1 b v B e i) IR E B e T)— e 1 1
JF (BB SRR e 10 R SF A 4 mm), 2853 0 &
AN S T) Y B ES R] A, b AR R R, T S 15 Y
RFk 33.544306 mm, HhiHZ R 33.377460 mm,
XoF e 2 18 A RSH IS BOARME 56 BE 33 mm it [ 3hi
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Fig.9 Camera calibration process

R o6 MEERTRER

Tab.6 Calibration reprojection error table

Number Error (manual)/pixel Error (automatic)/pixel
1 0.0485379 0.0410620
2 0.0540240 0.0300827
3 0.0572928 0.0353055
4 0.0503478 0.0329988
5 0.0653224 0.0409480
6 0.0605263 0.0408079
7 0.0494101 0.0305996
8 0.0603156 0.0398761
9 0.0517374 0.0395038
Average error 0.0552763 0.0367982

&7 BUARESH

Tab.7 Camera calibration parameters

Camera internal 12 715-768690, 0.000000, 677.444463;

Manual parameters  0-000000, 2716073 682, 480.832432;
parameter 0.000 000, 0.000000,1.000 000]
adjustment = ortion [-0.796240,0.976 369,
coefficient 0.000137,-0.006 140]
Camera internal 12 724:473 145,0.000000,671.682251;
Automatic o ters | 0-0000002724.315674,482.934 296;
parameter p 0.000000,0.000 000,1.000 000]
adjustment  pigtortion [-0.522759,~0.608 818,
coefficient 0.000105,-0.000919]

Z R0 25 WIS B XA, B S
B HE B 5% 2% 98 0.649 1 mm, [ 3 I8 = 0 BE 55 1R %
4 0.093 7 mm, I ERG EEHE R T 85.5%, BRI RS

WE T30 A SRS 5 A A

(b)

OW—A AR
X: 57.412952 mm

¥: -15.874710 mm
Z: -460.390180 mm
MR

X: 55.564903 mm
Y: -49.293838 mm
Z: -458.161503 mm

2it: 33.544306 mm

(C) oW

X: 55.566102 mm
Y: -49.118239 mm
Z: -458.145559 mm
oS
X: 57.578500 mm

¥: -15.872020 mm
Z: -460.312128 mm

2t 33.377460 mm

€10 drifeit ki m o (a) PRI BRI (b) T3 S hn e e sl
=3 (o) AENAS R =

Fig.10 Standard gauge block point cloud. (a) Original image of the
standard quantity block; (b) Manual tuning of the standard block
point cloud; (c) Automatic adjustment of standard block point

cloud

(a) [su—=

X: -79.109535 mm

¥: -26.267398 mm

Z:-565.346301 mm
L

¥:-25.376301 mm

S it
2it: 3.350877 mm

(b) oE—S

X -47.587398 mm

¥: -13.903266 mm
Z:-601.823390 me
L=

X -50.775245 mm

¥ 11731337 mm
Z:-601.207435 mm |

WS T

@it 3.906282 mm

B 11 =R s, () FEASMEN R E; () AZiHS
MR R

Fig.11 Aviation blade point cloud. (a) Manual adjustment of aviation
blade point cloud; (b) Automatic adjustment of aviation blade

point cloud
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Fig.12 Point cloud on the back of hand. (a) Manual adjustment of hand
measurement map and point cloud; (b) Automatic adjustment of

hand measurement map and point cloud
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