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Abstract: A high accuracy calibration method for the installation parameters between 3D Terrestrial
Laser Scanner ( TLS) and external-installed digital camera was proposed. Firstly, the intrinsic
parameters were calibrated by existing commercialized close-range photogrammetry products. Then,
by taking reflector target centers as input control points of 2D and 3D matching, the direct linear
transformation algorithm was expanded in applications and the intrinsic parameters were taken as

known coefficients to solve the extrinsic parameters. Finally, the extrinsic parameter of every camera
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shooting angle was calculated according to the relationships between different shooting angles to get

the mapping relationship between point cloud and multi-angle images. The test experiments were

performed, and the accuracy and feasibility of the calibration method were verified by obtaining the

difference between point pixel coordinate and real measuring result with installation parameter

calibration results. The experimental results indicate that the calibration accuracy reaches 1 pixel and

the mapping relationship between point cloud and multi-angle images is correct, which satisfies the

requirements of texture mapping and accuracy by applying images as auxiliary data in feature

extraction.

Key words: 3D terrestrial laser scanner; digital camera; installation parameter; calibration; Direct

Linear Transformation(DLT)
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Fig. 1  Relationship between physical image coordinate

system and camera coordinate system
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and scanner coordinate system
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Tab.1 Calibration result of intrinsic and extrinsic parameters
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(a)Point cloud of calibration frame showing in intensity
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Fig. 3 Point cloud and image data of reflector targets
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Tab. 2 Coordinates of reflector targets and deviations of inverse calculation values

1EH M5 apw/pixel Yoixel / pixel X/mm Y/mm Z/mm Axpixet / pixel Ay /pixel

fARE 1 404. 1 —417. 2 4 021.394 1 232.450 143. 885 0.5 0.2
(1~16) 2 —374.5 —202.5 3242.604 2 288.011 482. 688 0.2 0.3
3 —43.1 —633.7 3757.985 1 944,600  —221.815 0.3 —0.2

4 667.7 —630. 8 4 160. 149 833.425  —199.945 —0.2 —0.3

5 450.6 —852.9 4028.864 1170.880  —558.321 0.0 —0.2

6 169.5 —213.7 3901.602 1 607.661 491. 831 —0.3 —0.5

7 192.9 —1412.1 3510.085  1422.538 —1272.427 0.2 0.1

8 544, 8 —862. 4 3 706.573 934,002  —502. 660 —0.3 0.0

9 —46.1 —962.5 4 086.930 2 113.235  —834.504 —0.3 —0.1

10 195.9 —706. 6 4246.681  1704.314  —382.624 0.0 0.9

11 —162.9 —397.5 3356.284 1 952.480 173. 602 —0.1 —0.1

12 —291.9 —846.7 3 606.707 2 334.988  —577.956 —0.1 0.3

13 —48.5 —1078.4 3740.077  1938.199  —930.895 0.2 —0.2

14 744.3 —181.1 3 845,978 627. 381 508. 355 —0.1 0.4

15 578. 6 —300. 8 4509.470 1 043.631 356. 627 0.2 —0.1

16 —318.3 —337.2 3603.520 2 413.162 277. 651 —0.2 —0.1

M 17 —269.3 —529.452 3 958.426 2 528.942 —73.504 0.0 —0.2
(17~22) 18 661.8 —1332.577 4 117.947 876.263 —1 268. 440 0.1 —0.6
19 823.1 —1347.122 3 818. 844 587.690 —1 146. 059 0.3 —1.4

20 62.5 —675.314 3468.671  1611.386  —245.983 0.1 0.0

21 —390.3 —1117.781 3 217.735 2 249.640  —904.011 0.1 0.2

22 56. 2 —196.786 3 482.513 1 629.056 488.776 —0.1 0.2

T RAIE 2.3 1 ZAR 5N 5 LT R AR T
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Z
X

v
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(b) Comparison of true color generated by texture

i

mapping with false color generated by intensity
B4 bk S s 00 EECR UL S WG se BE
B 6 3

Fig. 4 Color mapping of all 7 full-view images onto point

cloud and its comparison with false color generated

by intensity

() b K 515 T 1 W &1 B A5 82 i b 38 )5 AR
(a) Texture mapping and overedge corrections full scene

using 7 images



9 0]

AW A5 TR = AR EOE A 1 AT SN SR B A AL ] 4 2 RO v RS A 2165

ASCER M T — B = RO S AN E
B B SR SRS R E T 5. TR
fEHET V-STARS & 48 B AH LN Z Bl A 7E
MRAEHR E ALY P2 i kI B R R I S T DLT
T IR 4R 1 T L T8 2R OK A R HE S AR R 4R
EERERISEAIS A TN ENSIE S (NP E 532 St
ZRARZ A B WS . ST T b A5 A B
LAY 1 pixel B Uk s AL bp S B 25 fH R W T v

SE Lk

(1] F9& WEECHB S BLEERRRID].
FM . AZEIARKSF, 2014,

LI M L. Technology of Preprocessing on 3D Laser
Scanned Point Clouds [D]. Zhengzhou: Informa-
tion Engineering University, 2014. (in Chinese)

(2] #paept, #ufe, FER, F. WA FEBOLHME A

ZRBITW E D R AR AR T ] w4
ik, 2010, 39(5): 540-545.
YANG B SH, WEIZH, LI Q Q. etal.. A classifi-
cation-oriented method of feature image generation
for vehicle-borne laser scanning point clouds [ J].
Acta Geodaetica et Cartographica Sinicas 2010, 39
(5): 540-545. (in Chinese)

[3] BXF, A%, AEMA, F. ETHREBRLENHR

JCTRIR IR H AR R ]. o sh 5ok 222, 2014,
43(S1): 1-7.
YANG W X, FU W X, ZHOU ZH W, et al.. Fast
three dimensional LiDAR target recognition based on
projection dimension reduction [J]. Infrared and La-
ser Engineering, 2014, 43(S1): 1-7. (in Chinese)

(4] shmdm, 432, @G Hb I o6 B3 52 D o

RE) =B [J]. M AR B L, 2015, 40(3);
10-12.
HAN L N, LIY T. 3D reconstruction by combining
terrestrial laser scanner data and photogrammetric
images [J1. Jowrnal of Geomatics, 2015, 40(3);
10-12. (in Chinese)

(5] Z&K. #&ME —FHEHTOLCELSE 583%
B EmME L], M F R, 2012, 41(2): 266-
272.

WANG Y M, HU CH M. A robust registration

method for terrestrial LiIDAR point clouds and tex-

RiBE 5t Z 5K EMR S i 2 22 (8] 14 1E 5 e S5 0k 1]
THA AT

AR E T7 ST AR T R AR BIL Y N DT A2
RPEAT BAR E 1 7 SUBRIIE TR R s 5 R AR
T b 5 1) R RS B 5 L DLT B3k, DAIE N N 2 8K
CAME DL T AN BT R i s T T 2B 57
R IC R B A A ST BN B S X
SRECAR Z T I ST . A SCHRE I bR e T7 R LR R
AT BRI BE X (H O e R R AN SN
DL B2 B b E ) B AT — 7 19 ST R Z
.

ture image [ J]. Acta Geodaetica et Cartographica
Sinica, 2012, 41(2): 266-272. (in Chinese)
(6] #AAH#. M EOLH M A 5 5% LR HE
[D]. Kix: KR K%, 2012,
HU CH M. Seamless Registration of Terrestrial
LiDAR Point Cloud and Close-range Image [D].
Wuhan: Wuhan University, 2012. (in Chinese)
(7] &L, ERBENEIM] XX KXXFER
#+, 2002.
FENG W H. Close-range Photogrammetry [ M]. Wu-
han: Wuhan University Press, 2002. (in Chinese)
(8] #ps&. BF Tkl & KRR S55LHIDI.
FM: AFEIRRE, 2010,
FENG Q Q. Research and Practice of Digital In-
dustrial Photogrammetry [ D]. Zhengzhou: Infor-
mation Engineering University, 2010. (in Chinese)
L9 4k, & 40as M ok H R i b T V' 451 i 8l 42 B
BB 7 AT D] K. KX K5, 2014
FANG W. Research on Automatic Texture Map-
ping of Terresirial Laser Scanning Data Combi-
ning Photogrammetry Technique [ D]. Wuhan:
Wuhan University, 2014. (in Chinese)
[10] #%F ¥, £4&, £F, F. ETEBUFEMHLER
LiDAR B4l 5tz 18 B sh i L], 2ok b s
e TA2, 2013, 42(12): 3502-3508.
XUJ ZH, KOU Y, YUAN F, et al.. Auto-regis-
tration of aerial imagery and airborne lidar data based
on structure feature[ J]. Infrared and Laser Engi-
neering, 2013, 42(12) . 3502-3508. (in Chinese)
(111 Fak, fkAn @y, R&1F. —FROGEM BG5S 0D
AW ED] KAXFFR A EHFR,
2007, 32(4): 290-292.
DENG F, ZHANG Z X, ZHANG ] Q. A method

of registration between laser scanning data and dig-



2166

ples

k% TR

5 24 &

[12]

[13]

[14]

[15]

ital images [J]. Geomatics and Information Sci-
ence of Wuhan University, 2007, 32 (4). 290-
292. (in Chinese)

el M LIDAR s 2z 8Ol B 5 B (8 4 7
EUFELD]. . FEAF LKXF, 2014,

YAN ] F. Research on Terrestrial LiDAR Point
Cloud Data Registration and Fusion Method of Point
Cloud and Images [D]. Xuzhou: China University of
Mining & Technology » 2014. (in Chinese)

wE. AR KEL, FERBEWEIM]. &
T BEACE AL, 2000.

XU Q, SHOU H, ZHU SH L, et al.. Modern
Photogrammetry [ M]. Beijing: The People’s Lib-
eration Army Press, 2000. (in Chinese)

WeE A, RKE. MO A )R U5 A 4 BRI
(] AR I XFF|: A RAF MK, 2005, 19
(2): 6-9.

YAO J L. ZHANG D F. Improvement of the di-
rect-solution of spatial-resection [J]. Journal of
Shandong University of Technology: Sci. &
Tech. , 2005, 19(2): 6-9. (in Chinese)

WeE AL FRRAE, EARFT. SET B E U O Y KL
MR R EEEmm ] b AR I XFFHR:
B AAF R, 2006, 20(2): 36-39.

YAO J L, SUNY T, WANG SH G. The direct-solu-
tion of spatial-resection based on Luodigues matrix
[J]. Jowrnal of Shandong Uniwversity of Technolo-
gy :Sci. & Tech. , 2006, 20(2): 36-39. (in Chinese)

1EE @t

FIAZ989 ). B mEFEN L
WF5EE 2011 4F 2014 AE TE A TR K
SO AR A A E RN
WO s 7 B A KORG8 TR I A
J7 1 B9 BF %€ . E-mail: mingleili_xd @

163. com

[16]

[17]

[18]

[19]

(20]

R, SO I AT B0 AH BILIE S AR E T B
WHE[D]. A M. 58 TR KF, 2012

ZHAO S. Study on the Joint Calibration of 3D
Laser Scanner and Digital Camera [D]. Zheng-
zhou: Information Engineering University, 2012.
(in Chinese)

ABDEL-AZIZ Y I, KARARA H M. Direct linear
transformation from comparator coordinates into
object space coordinates in close-range photogram-
metry[ CJ. Proceedings of Symposium on Close-
Range Photogrammetry, Urbana: University of
Illinois, 1971 1-18.

ABDEL-AZIZ Y I, KARARA H M. Direct linear
transformation from comparator coordinates into
object space coordinates in close-range photogram-
metry [J]. Photogrammetric Engineering & Re-
mote Sensing, 2015, 81(1): 103-107.

TR, O A RO = R v g R I S
ISR [D]. K. KK F, 2009.

ZHANG F. High Fidelity Texture Reconstruction
in 3D Modeling from Laser Scanning Data [D].
Wuhan: Wuhan University, 2009. (in Chinese)
I BT ANTHRENBEOCHT #EUE B 3h B8
ABFFELD]. #0158 TRXF, 2010.

WANG L. Automatic Registration of Terrestrial
LiDAR Data Using Planar Targets [D]. Zheng-
zhou: Information Engineering University, 2010.

(in Chinese)

FEITR (1965 —), B LI = BN, W
+- A A BT L1983 4F 1987 4F T ik
T 255 24 58 43 ) 3R AS 2 RV 4= 237
2005 4FF 5% [F 82 K A 400 B 2 A KA
My, FENFRH TR, T
B0 S S e A 5 N AR D7 T ) B

5% . E-mail: guangyun_li@sohu. com

(RRIERE REWWT FEEH)



