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Back Point Cloud Registration Algorithm Based on
Structured Light and CT

Shen Chunmei, Liu Fan', Zhu Jiale
School of Computer and Information, Hohai University, Nanjing 210098, Jiangsu, China

Abstract. A point cloud registration algorithm based on structured light and CT images is proposed to address model
sensitivity to noise and low accuracy issues in medical image registration using existing deep learning algorithms. The
primary aim is to improve registration accuracy and algorithm robustness whilst avoiding radiation caused by X-rays during
image acquisition. First, project encoded structured light onto the body surface of an intraoperative patient, and principal
component analysis is used to obtain the point cloud for the body surface after spindle correction. Second, CT scans are
performed on preoperative patients and three-dimensional reconstruction and sampling are conducted to obtain their body
surface point clouds. Finally, a dynamic graph convolutional network model based on feature reuse and attention
mechanisms is constructed, combined with an image iterative registration algorithm for point cloud registration on the back
of the human body. The entire process effectively integrates the information from the two modes, with the advantages of
no radiation, high accuracy, and short time consumption.
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Fig. 1 Flow chart of the camera calibration
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Table 1 Calibration results

Calibration parameter Video camera Projector
2218. 104 0 640. 718 1112. 843 0 523. 886
Internal parameter matrix 0 2218. 241 460. 704 0 1113. 644 216. 825
0 0 1 0 0 1
b . ffcient (*O. 01625, 0. 35658, — 0. 00107, ) (O. 06391, — 0. 16930, — 0. 00063,
stort
plortion coetieren 0.00001, — 2. 76695 —0. 00039, 0. 02259

—0.04239  0.99877 0. 02553
0.24787 —0.01424 0. 96869

Relative rotation matrix

[0.96787 0. 04739 0.24696}

Relative translation matrix [221.190 172.222 —87.051 ]

Error of reprojection /pixel 0.12269 0. 14582
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Fig. 4 Comparison before and after denoising
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Fig. 7 Point clouds of CT human body surface model before

and after sampling
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Table 2 System hardware environment and software

installation package

Hardware and software name Configuration

MER-125-30UC 1292 X964
Projector DLP LightCrafter 4500
Host hardware configuration Intel(R) Core i7-6700HQ, 24 GB

Video camera

Operating system Windows10
Programming language Python3. 8
Integrated development Pycharm 2020. 2. 3 Pro,

environment Qt Designer

Open3d, PyQt, PyTorch,
OpenCV, PCL
MySQL5. 7

Dependency package

Database

Xt B8R 22 (E viae) R BEAT B WA

X T AR 4, T R R 7 LSS Y R AL LR R
AN A T BT B R, 3 T iR 22 A0 (16) B s, ¥ 07 AR iR
ZE M CIT) FroR 4o %P 2o 22 an s (18) B -

m

EMSE(R):$Z(R;RC)Z, (16)

i=1

ERMSE(R):«/ EMSE(R> s (17)
1
EM,\E(R>—M:Z!R;RC . (18)
[ 3, % TP RS B, I T, 38 7 0 5 1Y) i 2 O I
T Fn Al TE i e % o 1, R 22 mT LA i 2 7 1R 25
POy MR 25 4 X iR 22 Ko, in s (19) ~ (21)
J R

m

EMSE(T)=$E(TJ T.), (19)

ERMSE(T):«/ EMSE(T) s (20)
1 o
EM,AE(T)—M;’TEfTe . (21)

4.3 LWHR
4.3.1 ARFEFEMEEE

T 43 S 56 T ) 3k TG W 7R 2 T 45 E R AL R
L0, 45" | R FRIE#[0,0. STHF Ay e ME 2 22 . L
YHE TR 22 IR AR A R ) I o RE R AR ST LR
B AEBAT R BB LT, B B A 2 T T SR Y e i 1R
25 RSB 1 22 fre /N E I T H AR TG W S A 2 TR U P
R

K3 UM R TEREYLTERE A5 1R B TC e 22

Table 3 Experimental results of point cloud registration without noise

Method Rotation Translation
Evse(R) Eruse(R) Euse(R) Evse(T) Eruse(T) Evue(T)
cp 775.8915 27.8548 5.5384 0.0188 0.1369 0.0299
GICPY 249.3943 15.7922 1.6934 0.0074 0. 0860 0.0082
PointNetL.K"™ 6. 9356 2.6335 0.2178 0.0002 0.0141 0. 0009
Proposed method 0. 1147 0. 3386 0. 1629 1.57X10°° 0.0013 0. 0001
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Table 4 Experimental results of point cloud registration with noise

Rotation Translation
Method Fue(R) Ere (R) Fue(R) Ewe(T) Ere (T) Eve (1)
cp 809. 3575 28.4492 6.9102 0.0279 0.1673 0.0489
GIicpt 436.7152 20. 8977 3. 5435 0.0101 0. 1006 0.0171
PointNet.K"" 232.4861 15. 2475 6.1024 0. 0065 0.0812 0. 0452
Proposed method 4.5131 2.1244 1. 8336 0. 0004 0. 0206 0.0165
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Fig. 10 Point cloud registration results of human back
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Table 5 Registration results of point cloud on human back
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