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Abstract: Flatness is an important shape deviation. A flatness error measurement method was proposed
based on line structured light vision technology for flatness measurement in the field of mechanical
component manufacturing and processing. Firstly, the images of light strips were collected, and the spatial
coordinates of the scanning points were obtained by the corresponding light plane equation for each position.
Secondly, the evaluation methods for flatness errors in national standards was analyzed and a measurement
algorithm for flatness errors was established based on geometric constraints. Finally, through the proposed

method, the evaluation base plane and flatness errors were calculated using the spatial coordinates of the
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scanning points. In the experiment, the positioning surfaces of the insert molds are selected as the measured

planes, and the measurement results obtained by visual measurement are compared with those obtained by

the contact measurement method. The measurement error is less than 20 pm. The experimental results

show that the measurement method proposed is feasible and improves the measurement efficiency of

flatness error.
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Fig. 1 Calibration model of the light plane of the

line structured light
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Fig. 2 Flatness measurement model based on least squares
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Fig.3 Solution model for evaluating the initial

value of the base surface
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Table 1 Model and parameters of experimental

equipment
TR A LIRS, FESH
TR AR R5000 AL FERE - AMD R4800u
5 KK R I -125-
BAZHL ARHEA 1292 X 964 18 K
30UM
ik Computer M2514-MP £ .25 mm
IR 0~20 mW ;9% K
LoOEss  LH650-80-3
650 nm
AT 5l B N
X CCS LFL-200 RS E 800 JE HF
3 E B NANO CBC 25mm-2.0 A5 :+1.0 pm

Uy vy 4 W B h 6766. 561, 6768. 716, 0.471,
601.615.416. 484 ;U] [a] W AF 22 %043 51 Ry 0. 1126
3. 830 ; 448 In] W A2 Z2 53 51y 0. 0037 ,0. 0017
3.2 TEHEAHARSRTEEBEKRE

P TR A S5 v, SR IO A B 1R E T
Lz gV 6 L, Lot a3 0O TE -
TH AH 28 T UG 5% 38 3ok $ AR LR 4R O 4% B e D F-
THI 4 G B MOt a8 T EZI B 3l 6 4 Ak
S TG A7 ) 200 A% B, B 26 58 1B T ST T Y
CEEi

TEAS S50 38 3 B AR ML R AR R B
FETH (1D b 10 AN TR B B e 4 A,
Bl S 1T b 5 A 0 (7 1) 0 22 I (7 10) Y
A EMG aniEl 6 R 7 BT R o AR ST TR 1R 25 U
S B AT HT, AR AR A SR 22 6 IS T A A R
FAE LB 58 B, (H R AR O SR B0 B 2 L 2 B AR
P00 5 R R PRt A S BR TR I T,
R Al 000 R A SR A B SR RO S B,
HLAE 58 BB ISP T80 451 o R b, R o R E 4 4 1]
b5 .

()AL E (B E 1)
Eo #HNTHAMER(ERL)
Fig. 6 Scanned images of the measured plane (mold 1)
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Fig. 7 Scanned images of the measured plane (mold 2)
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Table 2 Calibration results of the light plane at each

(b)yBe Az B (BLE 10)

position of mold 1

(DA R e 1 7 it

1 9.1927X . — 0.01465Y . + 2.8465Z. — 1000 =0

2 9.1902X . — 0.01465Y - + 2.846Z- — 1000 =10

3 9.3838X — 0.01530Y + 2.915Z- — 1000 =0

4 9.6735X: — 0.01456Y . + 3.116Z- — 1000 =0

5 9.889X: — 0.01589Y ¢ + 3.270Z. — 1000 =10

6 10.2258X — 0.017808Y ¢ + 3.369Z. — 1000 =0
7 10.4496X . — 0.01926 Y + 3.463Z. — 1000 =0

8 10.6854X . — 0.01998Y ¢ + 3.474Z. — 1000 =0
9 10.9072X . — 0.01804 Y + 3.587Z¢ — 1000 =0
10 11.107X — 0.01869Y . + 3.574Z. — 1000 =0
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Table 3 Calibration results of light plane at

each position of mold 2

(ATE 53 G- 1 77
1 8.0042X . — 0.01546Y - 4 2.897Z- — 1000 =10
2 8.1717X . — 0.01464Y - + 2.933Z- — 1000= 10
3 8.3115X — 0.01380Y 4 3.005Z: — 1000 =0
4 8.521X.—0.01560Y + 3.071Z. — 1000 =0
5 8.6764X: — 0.01696 Y + 3.089Z. — 1000 =10
6 8.9311X. — 0.01617Y + 3.209Z- — 1000 =0
7 9.1270X . — 0.01544Y . + 3.293Z. — 1000 =0
8 9.4170X. — 0.01576 Y + 3.355Z. — 1000 = 0
9 9.6412X.— 0.01472Y . + 3.386Z- — 1000 =0

10 9.8509X . — 0.01873Y + 3.446Z. — 1000 =0
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Fig. 8 Solve and evaluate the images of the initial value

(b)Y P 207 B

of the base surface and the position of the center
point of the light strip (mold 1)
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Table 4 Space equation of the optimized initial value of
the evaluation base level and the space equation of

intersecting plane
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PP E L (BEH 1) —0.0316X . + 0.09Y ¢ — Z¢ + 529.661 =0
P I(BE 2)  2.1607X . — 0.2245Y ¢ + 1.8694Z. — 1000 =0
P 2(BE2)  2.1925X + 0.2151Y + 2.0707Z: — 1000 =0
PP T (B 2) — 0.0258X . + 0.0898Y  — Z¢ + 531.6321 =0
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Table 5 Measurement result of flatness error of

mold positioning surface mm

e JOrvk 1l R2E k2 B2 k3 R

BiE1  0.008 0.013 0.005 0.025 0.017 0.019 0.011
BH2  0.007 0.015 0.008 0.020 0.013 0.017 0.010
¥ifE - 0.014 0.007 0.023 0.015 0.018 0.011
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Table 6 Measurement time of flatness error of mold

positioning surface S
JIRTIESY 7S /N ek /MU
BEH 1 1.653 0.876 0.635
HE 2 1.735 0.873 0.615
¥ifa 1.694 0.875 0.625
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Fig. 9 Scanned images of the measured plane

(b)yB ML B (FLE 10)

after adding noise (mold 1)
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Fig. 10 Scanned images of the measured plane after

(b)yBR ML B (FLE 10)

adding noise (mold 2)
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Table 7 Measurement result of flatness error of mold

positioning surface after increasing noise mm

e IOk 1G22 Jrik20RE) ik 3(RE)

BEE 1 0.008 0.025(0.017) 0.035(0.027) 0.034(0.026)
BiH2  0.007 0.026(0.019) 0.030(0.023) 0.035(0.026)

¥ — 0.026(0.018) 0.033(0.025) 0.035(0.026)
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