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Monocular Camera-Based Three-Point Laser Pointer
Ranging and Pose Estimation Method

Gao Song, Bai Lizhuo”
Chengdu University of Technology, Chengdw, Sichuan 610059, China

Abstract The existing monocular-based three-point laser vision measurement system is susceptible to errors such as
laser feature point 2D image detection, camera distortion, image center point coordinate, and focal length errors.
Aiming at alleviating these errors, a new ranging and pose estimation is proposed. In the proposed method, the
solution of the attitude angle is only related to the distance value, fixed parameters of the camera, and installation
position of three lasers. First, the three lasers are controlled to calibrate the internal parameters of the monocular
camera when emitting light in parallel, and the pose coordinates of the center point of the camera are calculated.
Then, according to the calibration parameters of the camera at different distances, an iterative method is used to
solve the minimum error. Finally, the downward tilt ¥ angle of the top laser is adjusted to calculate the yaw and
pitch angles of the target plane. The experimental results show that the accuracy of distance measurement and
attitude estimation is ensured while reducing the influence of the error term. The average error of distance
measurement within a distance of 200600 mm is 0.65 mm, and the error of yaw angle and pitch angle is less than
0.98°.
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Table 1 Internal parameters of monocular camera

Parameter D ;=200 mm D ;=300 mm D ;=400 mm
(uysvy) (374.0713,247.3269) (375.0696,254. 5587) (370.4775,261.5021)
kysky ks —0.4326,0.3485,—0.3550 —0.4117,0.2202,—0. 0455 —0.4197,0.1801,0.0353
ARy 0.000891,—0. 00001 0.001667,—0. 00156 —0.00094,—0.00037
534. 9416 533.6267 521.0727
f/dx, f/dy
534. 5830 533. 4545 520. 2335
feX 1. 508681 0.201046 —1.24714
Parameter D,=500 mm D,=600 mm
(uysvy) (372.8207,257.5171) (370.9425,257. 2861)
kisk,sky —0.4248,0.2323,0.0069 —0.3971.,0.0435,0. 4982
2Ry .z —0.00079,0. 00004 —0.00014.0.000147
i ) 517.0429 515. 2002
fldea ]/ dy 516. 2078 514. 8023
fX —1.22721 —0. 74539
Y

monocular camera
laser
Y

{g -40,0,0)

hand-held laser rangefinder T~

7 P SE R R B

Fig. 7 Schematic of ranging experiment

Ho MR X3 THUOCNIE R A SN LA = A0 4 160 50 - 7 4 R 75 1 Sk 100 mm
Table 2 Technical parameters of Laika X3 handheld AT RS I 0 SO I BE S ah ) 2 (E , 048 I A4
laser rangefinder A ES BEEAT LR D~
Category Value 6) MAEE 3 kAR R R T AL .
Measuring range /m 0.05~150. 00 ST SRR R, AR LR A Y R 1R S BT Ll 5
Accuracy of measurement /mm +1.0 - - ——
Minimum resolution /mm 0.1

3) ML TR 2) hRRAE S 1 2D BHMR A b, oK
GDORF guw.eq v Fle’ 1 EARME, UL S (1) ~
DO XFHY cos (asb).cos (byc)Fll cos {a, eyl

) AL 2 R ER D PR E AR A (1)
BIATsR H OA OB 1 OC fH . 254 (15) sURI AT R i

P ) B B A . B8 WOGHRAE R ETR
5) DL O I BE A AR SRR R, 4K R F R 3 Fig. 8 Laser feature point image
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XF 2D S T = A O6 R AR SCEE AT AR I, TR R
ABC T B AL b5 2 i A b, A 0 25 SR 2 3 B
RS WO 2 2D BEHEA I 45 5 /N T 1 pixel,

3 WG 5 0 K I 25

Table 3 Detection results of laser feature points

Laser point Accurate Detected
number coordinate coordinate
A (375,187) (375.105,187.453)
B (297,257) (296.639,256. 806)
C (448,253) (447.975,253.512)

T4 MR AHERE R I E LR R, L
IFE 200 mm F] 600 mm AY B k470, S PR

FEES LA X3 T 47 3000 D0 30 430000 & ) 205 2R ok
DB % AR AT S 25 R an ke 9 Rl 10 iR . A
& 9 A 10 7 LA F] . 4E 200~600 mm Ay 52 Fr FE
B AR R ACHT A B A KR 25 40 mm, B/ iR
ZN 4 mm, FERZE N 6.1 mm, R R 2 AC AL
PSR IS I BE B KR 225 0. 98 mm, Fe/NR 25
0.35 mm, FEiR 22K 0. 65 mm., 4 2% 0T & K
P22 /IR 25 DLRCF B R 22 41 0 BRI T 39. 02,
3.65,5.45 mm, IR ZEHEHE 1 mm DIN, 4
53R X3 T 5 o 0 A5 A 45 R B2 3T GIE
B 32 AR 32 00 P %) A 0 R A A v L 6 T vk T L
B AR T BEAS BE

#* 4 BAE S

Table 4 Ranging results of iterative method

Ranging
D,= D,= D,= D,= D,=
Actual results after Maximum
. 200 mm / 300 mm / 400 mm / 500 mm / 600 mm / ) i
distance /mm iterative error /mm
mm mm mm mm mm o
optimization /mm
200 199. 37 194. 11 180. 87 179. 69 178.62 199. 37 0.63
250 248. 54 249,02 241.12 235.90 234.33 249.02 0.98
300 303.71 300. 61 304.99 318.98 321.08 300. 61 0.61
350 354.98 350. 35 353.11 351. 20 358.12 350. 35 0. 35
400 417.18 408. 72 400. 92 407. 88 413.08 400. 92 0.92
450 464. 60 466. 51 451. 77 450. 63 453.72 450. 63 0.63
500 528. 45 527.81 510. 43 500. 53 511.66 500. 53 0.53
550 594.74 587. 30 579.51 550.71 552.92 550. 71 0.71
600 625.99 622.03 616. 27 613.05 600. 46 600. 46 0. 46
650 50 - - ,\
600l — improved algorithm p 45 — improved algorithm error \

£ ----unimproved algorithm = -== unimproved AR

£ 550 £ 40 algorithm error FA

g 500 £35 \

5 450 5 301

2 400 Sasf\ /N \

L] = ) / \ K

g 350 % 200 N/ \ /

= 300 g 15 '

32501 <10

= 200 5

0

150
200 250 300 350 400 450 500 550 600
Actual distance /mm

P9 3 AR A T i i B 15 22

Fig. 9 Range error before iterative optimization
5.2 &Mt

LA TR S L BRI T .

D) I HUARE = A 28 09 22 3R iR ke, (B0 & B
FC BEPAT S EEEOEE A fOG TRy f
Je Sk B AR ISP T [ E AR S 4E e RO 6 b 4
2 50OV AT I AT AR A SE B 360° 1Y 1 BE BiCE
Ff1 FE e /N VR TS (B Dy 5° AN 7 iR

2) ¥ & B Ry = A SR E TR B AR I P

200 250 300 350 400 450 500 550 600
Actual distance /mm

B10 BEAR AR T B 15 2

Fig. 10 Range error after iterative optimization
600 mm Ak, f FH3E R X3 SO I BRG] 1 % 55 o 1Y)
ARG R A B R OF A0 5t 4 = 4 4 BT
3 MU 5 75 00 - 1T i AT A B o, AN 0° 7 e
) 85° ([ &R 5°) . B HAHHLIASEAE it 600 mm B 25
Ak B A T Dt A T AR

3) P VR Bl 9 B0 T A i Y = A AR e AR S
077 10 4% 30, #% 2 [ B 2 50 mm, & 3 5 75 0 1
AEE 200 mm, EE AL 2) =4k e =5 WIRT
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R AR B A4 A [ O 0 A0 T 4R
A) AR B I S ) S e 6 2R L A EE
VA K Asr ZE Ak 120 3R 2) R 3R 3) B A 45 1 A&, R

(5 RF B8R ITFE 200 ~600 mm By A [7] FE B &b
AR 0 S8R DA R A o R B, o SR PE RN B B 10 AR Ak il
ZeniE 11 fE 12 iR,

Error /(°)
1.1

1.0

_ 10
=09 0.9
5 0.8
s 0.7 0.8
2 0.6 0.7
= .
8 8‘2 . 0.6
I Y :
80 70 0 600 B 0.4
450
0 . i o 0.3
gle /o) 20 10 200 250 300 [fct ) distance
B 11 o ff1 B AR £h il 2%
Fig. 11 Change curves of a
Error /(°)
[11.0
1.0
> 0.9 0.9
E 8? . 0.8
E 0.6 0.
%;f 0.5 0.6
0.4
@ 03 0.5
0.2 0.4
80 b 0.3
N 600
Rommii 30 20 19— 300350 400450 50 i 02
angja °) 10 200 250 ctual distan -

Bl 12 B ff BE 978 Ak T 4%
Fig. 12 Change curves of f3

M 11 A 12 AT LLFE B, o BB FA A
15 28 0 T B 1 PE AR R BSUR%  FE AR W] BEBS T , DN  2R 22
it € % ) B AR AR I B B A R, 1R 25 W (E R 0. 987, 4%
B 0. 19° 7EAR [R) 18 6 £ B 1, 0 2 B 85 099 3z 30T X
FEER2Z RS /N IR 2ZE 2N 0. 12%5a B Y
KRR 22/ TF 0. 98°, P3P B IL I B0 B Al TR 2
Sk 0.5932°, 5K FH Bl it 1) 47 Al T H Ak S T 38 R 22
Rk 0.4572°,

Hy T R A PR R ELAR L A o A R 25
R AN % 18 5°.10°.15° 2071 25° A9 1% B L 45
ks froR.

%5

M5 T LA B A 0 B 4 L P3P 5
5 IR 2 B R B T P B O 9k A I R R 2
BOARRE 5 7000 B B B B B B0 L BT 4R 07 2k B iR 2
5 P3P FLAE 4T 5 25 I B i U P R U7 ik A T
P3P B3k s 70 AR R B R AR A 8 R 25 B2 el o KT
HL o B B A JEE TR R SO R AR A A 2D [ R A
FriR 28 B F 05 FE R B 07 6 5 P3P Bk A 1R
SE o BRI AR AL AT b BT R DT R AR DD R 2
PR 2R B2 W 14 [ B AT LR AIE 28 2 Al T B v g, v
POCHRIE STAY 2D P A b 22 B9 52 WA 7E — 7 7 L
R T AT AR ZE B

o fA B I A

Table 5 Measurement results of a angle

P3P algorithm

Proposed algorithm

Measured

Measured . Average Measured . Average
distance /mm . Error /(*) . . Error /() .
angle /(°) error /(%) angle /(°) error /(%)

5.28 0. 28 4.68 0.32

10. 37 0. 37 10. 39 0.39

200 15.19 0.19 0. 356 15. 27 0. 27 0. 352
20. 32 0.32 20. 45 0. 45
25.62 0.62 25.33 0.33

0915001-10
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55
P3P algorithm Proposed algorithm
Measured
Measured Average Measured Average
distance /mm Error /(°) Error /(%)
angle /(%) error /(%) angle /(%) error /(%)

5.61 0.61 5.18 0.18
10. 58 0.58 10. 23 0.23

300 14. 67 0.33 0. 560 15. 27 0.27 0.426
20.52 0.52 20.52 0.52
24. 24 0.76 25.93 0.93
4. 77 0.23 5.21 0.21
10. 54 0. 54 10. 36 0. 36

400 15. 35 0. 35 0.534 15.47 0.47 0.478
20.72 0.72 20. 38 0.38
25.83 0. 83 24.03 0.97
5.63 0.63 5.33 0.33
10. 69 0.69 9. 60 0.40

500 14. 27 0.73 0.728 14. 49 0.51 0.498
19. 34 0. 66 20. 62 0.62
25.93 0.93 25.63 0.63
5.58 0.58 5.28 0.28
10. 56 0.56 10. 46 0. 46

600 15.97 0.97 0. 788 15.57 0.57 0.532
19.12 0. 88 19.52 0.48
24.05 0.95 24.13 0. 87

. 0.98 mm, fx /N & 2 4 0.35 mm, V¥R 22 Hh
6 % it

WA 22 T4 G4 T A R 0l TG R 9 0 DG B AR A
Z—. A THRE 600 mm PR A 4G T 1R
LS BURS WEAR 30, AR SCE e 7E o LA P3P L 44
NG RCN VR S NS S R S E N R N RO EE R A N
EE BT SR 3T P3P B A etk {2
it 05 v 5 35 0 = O SO R F 6Ok B
TR T S 0 B A Bk A S 1 57 3 A O vk 1 IR
PEFIA R A5 B A IS5 RN .

A P3P AL AT b Y 2 25 A Rk U
o EHR AR RN TE 2 i DA 28 7 R B 1 8 5 1
[, SR R A A3 AT OGHRRAIE AR 2D G 5% 2% A
PR A2 1% 22 | PG AR 0 i AL AR 52 22 | A R 1R 22 FNROTG
FRIE R0 25 )07 B 15 2 1 1R 22 R IR B 3 2% 1

AR SR Y T A D B Y 2k AR A
BV 3 ok Xk AR BIL A 2 R AT 43 AR A OB o 45 R
o A 1 R M (R, AR AR 0 SR AN 2 6 45 R
AR IR J5 o 2 LA At 2 R0 2 2R AR Ik
S DU S e 0 B 45 2L BDAE 200 ~ 600 mm
(52 B BE B 22 ), 3k AT R DN R AR R iR 22 R
40 mm,H/NRZEN 4 mm, FHIREHN 6.1 mm, R
P BE 2 AR 1 Bk R B9 I B A Rk 2N

0. 65 mm , B IEACHT BY e KR 2 e/ ViR 22 UG 3
TREAHIEALT 39.02,3.65,5. 45 mm, T ff iR 2
PP HIAE 1 mm DA, 3R W92 080 0 8 0 b 42 s 1 U
FRORGRE . 1k BE BT 4 1 B R SF- 5 38 AT DL 3% Ak
B, DA AR A5 B e R 22 UK 1Y) DU B 4

AR SCHRE Y — et 4 07 A T kL T DL
S 5 IR DG I A 6 A T R A 2 (AR A B Al T
R 2 R Z AT R OBRAE S A 2D R A R 22 A
WOGCRRAF A0 2 () A 5 15 25 WG I, 3 B ] D) 48 T+ 7
BAGTIRT B, BE A AR R G Bt AR B
TE 200~600 mm [ BRI Z 0] .o F B 1A KR
22 /NTF 0. 98°, P3P FIL I B Al R 25 R
0.5932%, R FH Bl ik i) o Ak T 5 1 5 P ¥R 2 0% R
0.4572°, XA PrEFE T P3P Bk, e &
0°~85°Z [u], B % Ff1 BE i 35 I, Jor 45 19 0 25 Ak 1 55
25 P3P M Ak AL B2 R 2 K A AR E
s, BT, AT ECR AR R A Ty v ok 4R
o RO R U A P A UK L T 4R R 6 2 A T ARk
YRR E 1
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