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3D measurement for complex castings
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Abstract: As complex castings are characterized by larger sizes, complex structures and so many shel-
tered cavities, it is difficult to measure with higher efficiency and better measurability. Therefore,
this paper proposes a stereo vision method combined a large-field binocular measuring subsystem with
a small-field grating measuring subsystem. The former was used to measure the outer of the complex
castings and the latter was used to measure the cavities of the complex castings. A data registration
model for the two subsystems was established and also a method to calibrate the model parameters was
proposed. The proposed method was validated by experimental tests. It is proved that the proposed
method is suitable for measuring complex castings and the data registration Root Mean Square Error
(RMSE) is 0. 22 mm. Compared with traditional methods, this method has higher measuring velocity
and can measure the complex castings with sheltered cavities. In conclusion, the research has great
significance in applications.
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Fig. 1 Large-field binocular measuring subsystem
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Fig. 2 Small-field measuring subsystem
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Fig.3 Model of data registration

RGN E R B 2 /AR R T .

Y, |=RX |y, |+T. (D

Z 2,
L Po=(xs yeor z)» /NI 6 &2 F &
GE A = E AL bR Po= (X, Y., Z0), o 55 i )

2 R AR R R =4 A AR
TR MR RORT, 7 /N S B T R 4

HEATIN AL B O 3 6 B T R G A4 5k
AN I R G & D 3 AR 1 [
SR B L I A 5 A9 3 R0 S S AR 7E KA ok
W T RGN =4k by T={| € T,i=1,
2,05 k), {EmﬁﬁﬁﬂﬁIEIJU;ZET&MTE/J%%)L
W F R G0 =g FRE AN S= {5 s
Syi=1,2,, 1}, Pl 2 B 25 29 oA Q’JFEILB
et XX, T HR XRS5 P={ p,| p. € P.i
=1.2,.n), SHIW AR Q={q¢lq¢€ Q. i=1,
2,0 umf, MHE FHRER S RA T Wl (2)
KA SVD JEFE S fif S5 A E

E= Z I p—RXg+DI .

Hoob BT B8 S—
e B SRR RIS,

{s;| s€S,i=1,2,

3 BB HCTAT

Kot BE1 2 B [ S S A AR 12 /NI e
W7 R = br S= (5] €S, i=1,2,
oy U RERR AL A A 2 58 240 B 88 2R A 2
i ] s R A 3 XU H E I 1 & g 4n B/ L
JEHIHI T R ST AR ARk SEEL.

WAt R AR R O, -X., Y., Z, BESLAE ) B Bk b
FEMR E . PRSI R GRS B AR R R0 Y
=HEARFR I N Cacs yos 2) AT C g s e s 7)) 3 KAL)
JEAIN - &R ge il B /M OCHHN R RS S
MARTE A FF R O -X. Y. Z WY = 2 AR A5 (2,
o PHEEER 25 = AR AR ALK A2, B0 = 4k
FEAR RN E 4 PR .

trgt trgt
s Xt )

Yt
PR (X Yos Zo) o

Z W
Oy =

R\ T
, ?5, v R:.T;
1[_.« 1
Y; : i

B4 bR R R

Fig.4 Principle for data registration parameter calibration
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Fig. 5 Photo of large-field binocular measuring subsystem
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Fig. 6 Photo of small-field measuring subsystem
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Fig. 7 Experiment of data registration parameter calibration
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Tab.1 3D-coordinates of targets

AR IR x/mm y/mm 2/mm
1 68. 560 64,117 —52. 286
2 68. 483 64. 786 3. 833
3 66.177 63.105 —139. 130
4 60.515 63. 444 —105. 740
5 40.176 64.679 9. 740
6 34.944 63. 658 —81. 394
7 32.494 64. 304 —27. 343
8 12.949 62.628 —138.070
9 5.975 63.591 —53.682

10 —38. 842 63. 667 —27.791
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Fig. 8 Surveyor's rod
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Tab.2 Measurement data of surveyor’s rod (mm)

MR WERE | WERE WERE
1 1 000. 567 9 1 000. 616
2 1 000. 593 10 1 000. 598
3 1 000. 603 11 1 000. 555
4 1 000. 593 12 1 000. 559
5 1 000. 616 13 1 000. 591
6 1 000. 616 14 1 000. 559
7 1 000. 580 15 1 000. 551
8 1 000.578 RMS 0.022
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Tab. 3 Distance of sphere center measured by subsystems

(mm)
MiEkmS RoMmE | WEKES Koz
1 0. 296 6 0.219
2 0. 267 7 0. 150
3 0. 337 8 0.164
4 0. 237 9 0.327
5 0.279 10 0. 040
RMS 0.220
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Impeller of measured castings
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