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Spatial positioning accuracy analysis of intelligent

laser 3D projection

Guo Lili, Li Lijuan, Hou Maosheng, Lin Xuezhu

(Institute of Opto-Electronics Measurement & Control Technology, College of Opto-Electronic Engineering,

Changchun University of Science and Technology, Changchun 130022, China)

Abstract: In order to solve the problem that laser 3D projection is unable to finish tasks with high
precision, real-time and intelligent compensation positioning, a new method and accuracy analysis of
intelligent laser 3D projection system based on laser tracking technology was proposed. Firstly, the
mathematical model of the laser 3D projection system was established. Secondly, the laser 3D projection
system was calibrated, and the coordinate system of the components was calibrated by using the datum
points of the projection receiving component to complete the calibration of the intelligent 3D projection
system. Finally, the model of intelligent laser 3D projection accuracy was established. Results of
simulation showed that the middle part of projection area of laser 3D projector had the best accuracy.
The projection point error of the projection surface caused by accuracy of the laser tracking measuring

equipment was much smaller than the projection point error caused by the projector. The experiments
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results showed that the projection shape of the intelligent laser 3D projection system developed at the
projection distance of 3 meters to 4 meters position accuracy could be better than 0.3 mm. Compared
with the conventional laser projector, this system solved the problem that the large-size projection
receiving part is unable to install the cooperation target in a large amount and the target reflex head and
calibration tool were not needed in the follow-up work. The calibration process was omitted. When the
projection system or the measured components moved or drifted, the intelligent recognition, solution,
compensation for the relative displacement were completed to ensure accurate real-time projection to the
correct location and greatly improved the integration, projection accuracy and positioning efficiency of the
projection and positioning system.
Key words: laser 3D projection;

intelligent laser 3D projection; system calibration;

projection accuracy precision
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Fig.1 Components of intelligent laser 3D projection system
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Tab.1 Calibration values for multi-parameter

projection frame and projection-receiving

parts
Calibration
point X/mm Y/mm Z/mm
v, —260.443 32 312.638 45 12.642 91
PV, -114.53551 309.136 34 —37.53743
PV, —21.196 24 306.437 22 18.647 34
MH, 1.35791 503.589 33 56.463 62
MH, —204.974 47 501.242 37 507.837 54
MH, 4.362 63 506.356 31 494.155 82
MH, —207.864 94 502.673 63 10.022 38
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Tab.2 Experimental results of shape positioning accuracy based on different projection distance

1 000 mmx200 mm projection distance
deviation/mm

150 mmx 150 mm projection distance deviation/mm

Projection
distance/mm i itudi
Left vertex Right vertex d I\{Iatr.gln £ Left vert Right vert U . Down Laterfil Lor;gltutdhmal
of 1000mm of 1000mm eviation o eft vertex ight vertex p vertex vertex ma.rg.m el.1g.
1 000 mm deviation deviation
3000 0.2 (Left) 0.2 (Right) 0.4 0.2 (Left) 0 0.1 (Up) 0.1 (Up) 0.2 0.2
4.000 0 0.1 (Right) 0.1 0 0.1 (Right) 0 0.1 (Down) 0.1 0.1
5000 0.2 (Left) 0.3 (Right) 0.5 0.1 (Left) 0 0.2 (Up) 0 0.1 0.1
6 000 0.3 (Left) 0.3 (Right) 0.6 0.1 (Left) 0.1 (Right) 0.2 (Up) 0 0.2 0.2
150 mmx150 mm FJE & A HERR EE S g  fE R3IAEAREAELIBREMREMEREZHER

4000 mm B BE A58 BE A 25 (B AR /N, (0.1 mm,
B IEBIAE 3000~4000mm Z [AIAF RS REA R, AR
SEBRBIRE 1000 mmx200 mm 46 I (14 58 (57 A 5 5256
H ARER AT LA 435 fe A1 B R 3 000~4 000 mm,

TEAF B2 M #5150 mmx150 mm %6 T2
FITR R o MR B S0, 30 3 T IR S O %
AL A m Ab 1 224 B Bh R R (8 4% 52 DR IIr 2
HEGCA PO ELBEAL Z MSOR R AR, See
EIRANG 3 TR . PR w22 Bl A AR F B B  TT 1
K, X A RE ) BT E, vT AR 2 0 EAR R

Tab.3 Experimental results of shape positioning

accuracy based on different projection

angles
Projection Left vertex Right vertex  Lateral margin
angle/(°) deviation/mm  deviation/mm  deviation/mm
5 0 0 0
10 0.1 (Right) 0.2 (Right) 0.1
15 0.4 (Right) 0.3 (Right) 0.2

3.2.2 L BAMEMEH B LI
¥ 2 40 ) B R TR 150 mmx150 mm
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bk AR

% 81 www.irla.cn % AT %
O, mAG BRSO EIE M & 5 RS & a6 & AR, s

SAL T EE LR Z R 15°, VLA [ B B
REMOL 3D #8052 R Ge % i R 1AMt 0, R KD AL
S E S A 3l AR D 5 D RO IR
YERAJE | 3 4 150 mmx150 mm 4 RSS2 45
RABFHERAMENUEEARELRER
Tab.4 Experimental results of positional accuracy

of projection pattern compensation

Projection Left vertex Right vertex  Lateral margin
distance/mm deviation/mm  deviation/mm  deviation/mm
3000 0.4 (Right) 0.3 (Right) 0.1
4000 0.4 (Right) 0.3 (Right) 0.1
5000 0.4 (Right) 0.2 (Right) 0.2
6 000 0.4 (Right) 0.2 (Right) 0.2

gL, BRI E A K w22 0.4 mm
ERS 1) 30 K 2276 0.2 mm DL, FEHZ % 22 i
iGPS I 2 M 45 5|2, 3 i 3% 0 iGPS & 4% IF & B8
A3 S Sl AV TR R N e T R T RORG B, TR
I, O 3D B RBAR 5 R Gk AT 6 B AMEE IS 1 EDE
LR BE AT LATE— 254

g5 e LA B REBOLG 3D B8 RGEAE30°
TLFIN 3~4m B IEES | il 698 BE0OE 3D
5 R G BT AR S A B A B v AR F-0.3 mm,

48 %

=A

SCH R T — R B IO 3D B A E
DLT7 V5 VA BORS BEARTRY | ) FH 52 4R 20 3 R AT 75 %
ARG IATRE AT L R T, DR R
iGPS 5 & 5 | S 1 43 52 7R 2 T 4% 52 1R 25 0 /N T

LG R B R O iR 2, B U
5 DX 3 RS 40K B A, S IR 25 SRR L AE 3 000~
4000 mm PYBEEFZHE R 1, FEAE ] A % BE IO 3D £
5 R G0 B B IR B B e R B PT LAAE T 0.3 mm,
[, 0t 3D B BERY R Ge b4 700 B BRI 5 1 1B
FE A HERR BE B iGPS i Jm) Mo g T DAt — 24 . 5
5 7 AR L, SO 7 s EL A e EL RS B SR
ZAT 551 R BEAM ﬁ—fh#ﬁn%fﬁf”%ﬁﬂ’]ﬁﬁtﬂ
b SRR SN RS B A e KAk 5 SIS e M 4 5

MRS ST SR R e 4 A 3h, SEIBER AR I B M —
AN B GRS ) 55— AL B T AR X A
F Bhi 5, e AT 5% ; SE L £ & B AR i R[]
IX 5 A SRS BR R R, O SERT IR X SRS 235
P U EERAE | H 2 S B R MR K B
PF R E B AR B Sk, R b VR R BRUE A , AR
AR AR5 T2 5 M A% 52 R G0 mow I 350 14 % o ok e
RO, R R ALIR A | 5 RN AE X 7 B8, SRIE S
B KSR RO B, AR B TR E A R
G20 TAERG BE RN SE DLROR
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