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Fig.1 Schematic diagram of triple scan
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Fig.3 Triple scan temperature drift problem recurrence. (a) Test

environment; (b) The image of the reflection spots
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Tab.1 Error of 3D coordinate of the center of the reflection spots

Temperature 16 °C 30C

No. Axp/mm Ayr/mm Azp/mm  Axg/mm  Ayr/mm  Azg/mm  Axp/mm  Aypr/mm  Azz/mm  Axg/mm  Ayr/mm  Azg/mm
1 0.10 0.07 0.13 0.08 0.06 0.12 1.23 0.56 5.33 1.02 0.50 —4.82
2 0.09 0.04 0.08 0.07 0.04 0.10 0.98 0.54 4.98 1.01 0.53 —4.77
3 0.09 0.05 0.06 0.05 0.05 0.05 1.01 0.59 4.90 0.94 0.56 —4.85
4 0.08 0.06 0.07 0.05 0.06 0.06 1.07 0.58 5.18 0.96 0.46 —5.00
5 0.05 0.10 0.14 0.06 0.07 0.08 1.15 0.74 5.02 0.88 0.53 —4.93

AVG 0.08 0.06 0.10 0.06 0.06 0.08 1.09 0.60 5.08 0.96 0.52 —4.87
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Tab.2 The pixel coordinate and phase variation of the

center of the reflection spots

No. Aw/pixel Avi/pixel Aur/pixel Avy/pixel APR/107 rad

1 0.11 0.04 0.08 0.06 1.72
2 0.11 0.11 0.10 0.07 2.46
3 0.16 0.08 0.08 0.09 2.03
4 0.14 0.11 0.13 0.08 2.99
5 0.07 0.00 0.12 0.03 2.86
AVG 0.12 0.07 0.10 0.07 2.41
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Fig.4 Schematic diagram of the influence of projector position error on
measurement accuracy. (a) Schematic diagram of triple scan
imaging before temperature drift; (b) Schematic diagram of triple

scan imaging before temperature drift

A
AZml = all
tan(6/2) 7
A _ AXZ
2 = an(6)2)

P OB A MBI E S . R AP, P
ZJ7 ) 3 ST X0 H s

Hy JLAR[ G 22 AT AL
A.xl _ %
d+Az, f
A.XZ _ dx (8)
d— Az B 7

N dFR7R TARRE; deRm i go. @ R R R 1Y 25
] SCPREE S R BOEAERE . 458 A (D). 8)

&S

20230456-5



ISk A2

%14 www.irla.cn % 53 %
A = d-dx WR2ZEAT N
"7 ftan(9/2) — dx © | A+ A
u u
Ar o d-dx A7 = 3 “(Azy +Azyp) = W (12)
2 = Ftan(6)2) + dx

23 WEMBENMALEREXNVEREEZ WS

OCH F LA E R TR R AR AT g
Kl S R ), AMUEAS B H 8Py, P B R EmM, i
A H S B IR 2 p o BEPFEARL 1| A H5E
FR R uw b hn & AR Auy, PLIEFIBL 2 WA 1%
R ulb b B AW A AR AR B Py, PyfEZ ] I
AHXT T PRIIRZE Azyr . Azgo:

Camera 1

i Camera 2

Projector
Pl 5 XU ARBILAL 5 2 X I A S s T
Fig.5 Schematic diagram of the influence of binocular camera position

error on measurement accuracy

A _ All _ /lAMl
1= an(9/2) ~ @an(6)2)
(10)
Alz AAMZ
Zp2 =

T @n(@/2)  an(6/2)

P ARR G E Y AL ALR R S 1B R W
S8 IR R (9443 18] 52 B RS o

HE—25Hb, AT LA 30 R H S CE S TR
EEAZN:

1 /I(Aul—Auz)
Az~ = (Azy —Azgp) = bt 2 1
V4 ) (Azp Zp2) 2tan(6/2) (11)

73— T3 L, PR T AT A9 A TR DT 1] L

LR LA L WRR R B0 AT R0, X = A I AR
i, B AP R R A A 5 R 14 6 5% 2 X 0 e 4 Y
MR DN B R SRR TT 0] B uR2E, i A
HAEH S =PI ZR G X H AL & R
AN AENRH R S H a2, 5 RN
Haiz A SRR S . SR, — 7 s & 4% 2 Bl
AT LIARE, BOE A ELARBE -8 2.41%107 rad,
T 45 52 A B 285 IR 2R SO 2 040, B LABERZAX
H— AR Z X A AL {E A 3.08x107° rad, #1245 T4
AR A SOt i B AR B AL R h R 3R A
Prli% 1 0.78 pixel, 2 K T XU H AHHLIEL 51 & K 5%
AT AALHY R o 5 2 T RIBO DO BT Tk A
BL, X Tl B AR f AU g . 5 — O, A2
B ARALA I B AMEE DT IEU, RERS R4S 0L H ARALIELEE
AT FET R LB, BUH AP T =H I R
GURG L 2 A7 B, T80 82 ASGRLIED0T T 00 S FE 32
M o 3 3 A

3 BETEXRFUB/FN-EARRRESR
TELAMETTIE

“FEARHL-A7 AR AL 45 R i I 8 BT ASUR R AX
B B A FHE A ROF R A B S B AT &
FETFEE, DR I BE R 3 S A S B A T R X ik
POTHRARA R . Ot A R SO AU ST
TEAZ 7% SR S B B 35032 A0 DLSE LG (U S B
IE, BJE HE TR S5 B AR R R —— B &
Kefe AT AL EE T BRSNS, TS B £
Gl A
30 BETEXRFYU/HHIFZ LB %

Xt ZEAMPLE B LR — i p,, 46 HAE A LA
18 LB TR) 44 53 pr vl 38 2 00 H WL 58 A R PR 52 = 4 a5 A
bRPyo [RIRERY, p 45 A B AR LR 4 56 pptlt
AR S 2 A B Py TE R GE5E PR E ST, Pyl
Py XoF I8 T 25 (8] R R () — o, SR T AR SR, IR AR
PCAEAT AR 8 45 R P T 24 1 BRI, 4% Py s

202304566



s Gk A2

%14

www.irla.cn % 53 %

PyfEAE—E MR 2E, WEWL FRF W H S 55 H A
ZRAETRERR . N T RBOUH E i =4 5
PRrEBEAX IR R A, T EEH BN IE A 2R 8O
i Ze AR LR AR AR SRS, AR 111 99 i Bk Y
FREIR A 5 TR TT B 7 AR ZE R AL R R R R
A7 e — 2 X AT AR AR () TIORE T BEREAY, e
X ARASE P S A 52 W A ] B A TR 67, 38 5 =03 A
FHEN IR A AR LS 9 0
T\T,T;

T T\ T+ T,T,—2T,T, (13)
WA ASEAG 2R ST o A A7 35 B h
pg— 25T H ToTs =211, (14

I'T>T;

AR, p AERRSEALEMG B[R] 25 05 pp A A R )
o X AR A b, PRI AT DA ik 2 AR ATL A5 B4 e % A AT
A b SR TR 45 05 pp7E 385 AL BSR4 R
(up,vp):
_ %
) fof (15)

Ay

WH P e A ANLEMG B B 5 k., i B A2
AARLIENG 5 B AL EG B[R] 45 S DS B R pL, pe), T
Al LIPS E] 5 P ERAL B s AR R pp = (up,vi),
mE 6 Bk .

Up

Vp

Kl 6 IEAAECEN I H RO R B P ISR U E R
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the projector image through the orthogonal fringe projection
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Fig.8 The result of fringe pattern measurement
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Tab.3 Sphere center distance between monocular measurement unit and binocular measurement unit at different

temperature
18C 28 °C
No. Left camera Right camera Left camera Right camera
Spherel/mm Sphere2/mm Spherel/mm Sphere2/mm Spherel/mm Sphere2/mm Spherel/mm Sphere2/mm
1 0.26 0.20 0.24 0.24 1.77 1.45 1.68 1.60
2 0.26 0.31 0.20 0.22 1.79 1.44 1.74 1.56
3 0.22 0.26 0.24 0.17 1.90 1.45 1.72 1.78
4 0.24 0.18 0.27 0.20 1.97 1.61 1.85 1.61
5 0.17 0.18 0.24 0.31 2.01 1.47 1.63 1.81
AVG 0.23 0.23 0.24 0.23 1.89 1.48 1.73 1.67

12 3 ThBds vl i, AE SR 18°C B, i FA& &
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7 AR H s BERG UH A5 2 RO A 22
AR, HrpEk 1 EROEE R 0.23 mm A1 0.24 mm,
BR 2 BYSF Bk 0.23 mm A1 0.23 mm, B H S =
H5WHEA AT AERRNTZRE . HHRRRE L
FHE 28 °C B}, mi = AL R ANE 9(a) iR . LA
AR IR IR, th TARE S80S B b 240
A—5, FEAE . A EPER 1Bk 4 Bk
#| 1.89 mm A1 1.73 mm, BR 2 9 F ¥ Bk .0 B 44 K 3]

1.48 mm Al 1.67 mm, &£ THBMHZIME . Hi%
Tk B G 1R 4 IE 28 AR S EMG, AR A SCrb i D it
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Il Binocular point cloud
Il Monocular point cloud (left camera)
I Monocular point cloud (right camera)
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Fig.9 Point cloud of metal sphere at 28 °C. (a) Binocular point cloud
and monocular point cloud reconstructed by the sensor which has
temperature drift; (b) Binocular point cloud and monocular point
cloud reconstructed by the sensor after temperature drift

compensation

x4 BERKOIERS

Tab.4 Sphere center distance error after correction

Left camera Right camera

No.  Spherel/mm Sphere2/mm  Spherel/mm Sphere2/mm

1 0.36 0.32 0.36 0.33
2 0.37 0.38 0.36 0.38
3 0.33 0.43 0.41 0.44
4 0.36 0.29 0.34 0.30
5 0.36 0.42 0.35 0.42
AVG 0.36 0.37 0.36 0.37
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WS Br & A IR B ) A R A MR T o, RSO Y
FEIATEIE . DL W T TR A S B 0 %o
%, WWE 10,

10 FC4T TR BE ]
Fig.10 Photograph of car threshold base parts
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I Binocular point cloud B8 Corrected monocular point cloud

I Monocular point cloud
(temperature drift)
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Fig.11 Car threshold base parts point cloud reconstruction. (a) Monocular point cloud and binocular point cloud; (b) Partial profile view of the point

clouds
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Fig.12 The error between monocular point cloud and binocular point cloud. (a) The error between monocular points reconstructed by the left camera and
binocular points after temperature drift; (b) The error between monocular points reconstructed by the left camera and binocular points after
temperature drift compensation; (c) The error between monocular points reconstructed by the right camera and binocular points after temperature

drift; (d) The error between monocular points reconstructed by the right camera and binocular points after temperature drift compensation
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Temperature drift compensation method for triple scan measuring

system of binocular surface structured light

Yang Haoming', Sun Zijie’, Sun Yanbiao', Zhu Jigui'"

(1. State Key Laboratory of Precision Measuring Technology and Instruments, Tianjin University, Tianjin 300072, China;
2. Beijing Spacecrafts Co., Ltd, Beijing 100094, China)

Abstract:
Objective

The triple scan of the binocular structured light sensors is based on the binocular vision

reconstruction of fringe projection, with additional point cloud reconstructed from the monocular vision system

consisting of the left or right camera and the projector. Therefore, it has the advantage of better point cloud

integrity in the measurement applications of reflective and uneven objects. However, because of the change of

ambient temperature which exerts temperature drift impact on the projector, the binocular reconstruction point

cloud and monocular reconstruction point cloud are stratified, resulting in the wrong point cloud reconstruction

results of the triple scan. To solve this, a temperature drift online compensation method based on the orthogonal

fringe projection is provided for the triple scan system of binocular surface structured light.
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Methods A temperature drift compensation method based on the orthogonal fringe projection and binocular
points constraint is provided in this paper. By projecting the orthogonal fringe patterns, the pixel coordinate in the
projector image of points which are in the binocular and monocular imaging area can be determined
simultaneously. Therefore, the accurate mapping relationship of binocular points in the image of the projector is
established (Fig.3). Then based on the objective function of minimizing the reprojection error of the binocular
reconstruction point in the projector image, the optimal external parameters of the projector after temperature drift

compensation are solved to compensate temperature drift of the projector.

Results and Discussions In order to demonstrate the effectiveness and practicability of the proposed method,
metal spheres and car threshold base parts were tested. In metal spheres experiments, the spherical center distance
between binocular point cloud and monocular point cloud at different temperature is used to quantitatively
evaluate the temperature drift level (Tab.1-2). When the temperature drift of the sensor occurs at 28 °C, the values
of spherical center distance on average are 1.89 mm, 1.48 mm, 1.73 mm, 1.67 mm and drop to 0.36 mm, 0.37 mm,
0.36 mm, 0.37 mm after the method is proposed. In car threshold base parts experiments, the Euclidean distance
between binocular points and monocular points corresponding to the same pixel is shown (Fig.8). Both results
show that temperature drift is decreased after the method is proposed with the temperature drift value reduced by
78.2% and 94.3% on average.

Conclusions Focusing on the issue that binocular and monocular point clouds are stratified in the application of
the triple scan due to the change of the ambient temperature, the temperature drift online compensation method
for triple scan measuring system of binocular surface structured light is proposed. Orthogonal fringe patterns are
projected and meanwhile are captured by the binocular cameras. The accurate pixel coordinate in projector image
coordinate system of binocular points are acquired by calculating the phase coordinate of every pixel in the
camera image and projector image. According to the the constraint of the mapping relationship between binocular
points and projector pixels, the external parameters of projector are calculated via minimizing the reprojection
error of the binocular points in the projector image to compensate the temperature drift of the projector. The
experimental results show that the proposed method can significantly decrease the temperature drift with the value
reduced by 78.2% and 94.3% on average, which verifies the effectiveness of the method. This method can

provides guarantee for the stability of triple scan and make the application of triple scan a reality.
Key words: triple scan;  projector;  orthogonal fringe;  temperature drift compensation
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