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Fast 3D Medical Image Registration Based on Geometric Feature Invariants

Abstract

Abstract: Aiming at the of large amount of computational data and low registration efficiency in 3D cranial
medical image registration, a fast registration method based on geometric feature space constraints is
proposed. The algorithm extracts three-dimensional contour point clusters, and proposes a feature
construction method based on the optimal fitting ring of point clusters. The feature rings and the
centroids of each layer are used as feature quantities, and the fast registration is completed by using
Iterative Closest Point (ICP) method. The experimental results show that the method has less
computation amount, high satisfactory registration accuracy and much faster registration speed than the
traditional ICP algorithm. It is an effective real-time three-dimensional registration method.
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Abstract: Aiming at the of large amount of computational data and low registration efficiency in 3D
cranial medical image registration, a fast registration method based on geometric feature space constraints
is proposed. The algorithm extracts three-dimensional contour point clusters, and proposes a feature
construction method based on the optimal fitting ring of point clusters. The feature rings and the centroids
of each layer are used as feature quantities, and the fast registration is completed by using lterative
Closest Point (ICP) method. The experimental results show that the method has less computation amount,
high satisfactory registration accuracy and much faster registration speed than the traditional ICP
algorithm. It is an effective real-time three-dimensional registration method.
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Introduction images (PET, FMRI, et al.). Anatomical images can

provide bone morphology information, and

Due to the different imaging principles of the functional images can provide soft tissue metabolic

device, medical images can be divided into . .
g information such as blood vessels and muscles. The

anatomical images (CT, X-ray, etc.) and functional Lo C
purpose of medical image registration is to perform

spatial matching and data fusion on a variety of
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is a key technology, and it plays an important role in
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medical fields such as disease surveillance, surgical
navigation and disease diagnosis. The multimodal 3D
cranial registration studied in this paper is an
important branch in medical registration, which is
important to both theory research and clinical
applications.

Comparing with 2D registration, 3D medical
image registration has a lot of improvement in
computational complexity and spatial freedom. Its
typical characteristics are large data volume and
complicated calculation process. Typical registration
3D medical

point-based™ %,

methods in  multimodal image

registration  include  feature
voxel-based®* and geometric feature-based™®. The
literature [7] proposed the mutual information (MI)
method combined penalty splines and joint
histograms, to solve the local extremum problem and
optimize the registration accuracy. The accuracy of
object matching is enhanced by mutual information
algorithm with quantifying voxel information. And
the algorithm has been recognized as an effective
similarity measure in multi-modal medical image
registration. Nowadays, the mutual information
algorithm is used on the software platform of clinical
registration melting which has been sold by some
Although the

accuracy of mutual information type algorithm is

foreign  companies. registration
effective, its huge data volume and complicated
calculation process make the algorithm execution
consume a long time, which causes obstacles to the
rapid analysis of clinical lesions. Therefore, ensuring
the accuracy of registration and increasing the speed
of registration greatly is the main research direction
of medical image registration. In order to improve the
registration speed , some scholars have applied

Iterative Closest Point(ICP) in the field of medical
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efficiency. As literature [8] introduced a lookup
matrix in the point cloud matching step to improve
ICP, which enhanced

algorithm convergence and robustness. In literature

overall performance of
[9], the Gaussian probability model is integrated into
the bounded registration problem. The Gaussian
model is updated by transforming the distance and
variance between the point sets, which improves the
speed and accuracy of registration. However, the ICP
algorithm still has problems which is easy to fall into
local optimum and iterative time consumption. And
the accuracy of ICP is generally inferior to the mutual
information method. Although the registration speed
has been significantly improved, the overall
efficiency is still not ideal.

The algorithm based on pure geometric features
can greatly reduce the computational complexity of
3D registration, and it is a registration method worthy
of in-depth study. Continuing this idea, the literature
[10] introduces geometric algebra into the geometric
feature registration of medical images. The geometric
position constraints of 3D cranial images are
reconstructed and a new similarity measure for
medical image registration is constructed. It can be
seen that the geometric features of skull contour can
be well reflected based on spatial geometric feature
invariants, and the three-dimensional spatial location
of tissues and organs can be located.

Based on the advantages of pure geometric
features in medical image registration, a new spatial
similarity measure of the optimal circle is proposed,
which combines ICP algorithm so as to achieve fast
three-dimensional image registration. The core of this
algorithm is to construct relative geometric invariants
by using cranial geometric features and reduce

computational complexity. Experiments show that the

image registration to improve the registration registration speed of this method is very fast, and it
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could complete multi-modal three-dimensional
medical image registration in a few seconds. It has
high real-time performance, and the registration
accuracy of the algorithm is also satisfactory.

This paper presents a multi-modal 3D medical
method based on relative

image registration

geometric invariants. In the next section, we will

introduce the preprocessing method of medical image.

The third section is the construction method of the
optimal ring feature invariant. The fourth section is
the validation of the algorithm and the analysis of the
experimental results. The last section is the summary

of the algorithm and the conclusion of this paper.
1 Pretreatment Method

The fast registration algorithm in this paper is
implemented by three main steps including
preprocessing, the first ICP registration based on unit
ring and the second ICP registration based on optimal
ring. The preprocessing of three-dimensional medical
image is fundamental to pure geometric feature
registration, including three main steps: uniform
spatial resolution, edge segmentation and outline
extraction.

Due to the different imaging equipment, the
resolution of multimodal images is different. The
medical images in this paper were from the RIRE
database of Vanderbilt University. For patient 001,
the initial spatial resolution is shown in Tab. 1.

It can be seen that the spatial resolution must be

unified before registration. According to the voxel
ratio provided by the database, the unified spatial
resolution is shown in Tab. 2.

Tab. 1 Spatial resolution of the original data

Resolution Element Spacing/mm

Modal
X y z X y z

CT 512 512 29 0.6535 0.6535 4.0000
PD 256 256 26 1.2500 1.2500 4.0000

Tab. 2 Unified resolution

Resolution Element Spacing/mm
Modal
X y z X y Z
CT 334 334 116 1.0 1.0 1.0
PD 320 320 104 1.0 1.0 1.0

Because of the imaging characteristics of CT
and MR modes, edge segmentation is easy to achieve.
In this paper, Canny operator is used for edge
segmentation. Canny operator is an edge extraction
algorithm based on structural information. It is
widely used in various visual processing systems.
Outer contour of three-dimensional skull is extracted
by way of scanning in four directions successively
after edge segmentation. The effect of edge
segmentation and outline extraction by Canny
operator is shown in Fig. 1 and Fig. 2. It can be seen
that the geometric features of the three-dimensional
image of the cranium are significant, and the
registration method based on geometric features is

worth further research and mining.

Patient-001
CT

Patient-001
mr PD

Fig. 1 Edge segmentation
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Fig. 2 Outer contour extraction of 3D Image

2 Construction of Relative Geometric
Feature Invariants

We can regard the skull as a rigid body, and 3D
image registration as a rigid body motion. The
geometric features of three-dimensional skull are
prominent, so the relative geometric feature
invariants of each modal are constructed to achieve
fast registration. Firstly, the contour point cloud after
pretreatment is
FT{p}. . RF{G}. .
unknown center is constructed in each 2D slice layer

regarded as feature data set

Then a unit ring with

along the Z-axis direction. Here, the maximum value
of the sum of distances from the data set to the unit
ring is set as a constraint condition. Then the 2-norm
from the point set to the center of a circle can be

expressed as:
1 2 2
D(Oj)zéud(pj,i)” :izzl:”pj,i_oj" =

2oL = Xj0)? + (Vi = Vi)l ()
i=1

The center of the ring o; corresponding to the
minimum value of the above formula can be
expressed as: Op;, =argD(o0;). Obviously, this is a

problem of finding the maximum value of a

multivariate function. Here, the first-order partial
derivative method is used to find the extremum. Then

the center of the unit ring can be expressed as:
1< 1L
0; :(_zxj,iv_zyj,i) (2)
niz - nNig

The center of the optimal unit ring forms the
feature point set f;, whose spatial structure is shown
in Fig. 3. It can be seen that the feature set f; has
obvious geometric characteristics due to the
constraints of facial contour, and then the ICP

iteration
50} g

-10 0
y/mm

algorithm will be wused for its first

registration.

Fig. 3 Geometric structure of centroid point set

The Iterated Closest Points method uses the way
of two point sets overlapping as much as possible to
achieve registration. The ICP steps can be
summarized as follows:

step 1: Find the corresponding points of the

http: // www.china-simulation.com
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floating mode data set FT{p;}, in the reference
mode RF{qg}",.

step 2: The rigid body transformation Hy which
minimizes the average distance of the corresponding
points is obtained, and the translation parameter Ty
and the rotation parameter Ry are also obtained.

step 3: A new floating mode data set ITI'{pj<2>}rj‘:l
is obtained by using the rotation and translation
parameters of the previous step.

step 4: Calculate the loss function of two data
sets:

Ec =|Hkp™* —q’ ©)
If o=E <g, the registration is completed, otherwise
go to step one and start the iterative calculation.

When the number of iterations is completed or
o < &, the first iteration registration is achieved. But
this only completes rough registration, the purpose of
this step is to match facial orientation. On this basis,
the best fit ring will be constructed to calculate the
second relative geometric feature invariant.

Firstly, based on the new data set FT{p"}.,

and RF{g}",, a circle with unknown radius is

constructed in each 2D slice layer along the Z-axis
coincide with
{C'¥., . When the sum of the distances from the

data set to the ring is the minimum, the radius of the

direction, and these centers

optimal fitting ring is determined. Then the 2-norm
of the point set to the center of the circle can be

expressed as:
n n 2
D)= (o) =3 Jsartlpsi-oiff -1 @)
i=1 i=1

Panning the dataset to the origin of o;, the above

formula can be updated to:
n 1 n
D(ry)= "j2 _ZZ(XiZ +Y7)? I +Z(Xi2 +y7) (5)
i=1 i=1

According to the quadratic maximum of one

variable, we can get:
18 5
=y 2Ty D2 (6)
1=

Since the face orientation has been registered,
the maximum value of the Y-axis direction of the
optimal fitting ring is chosen to form the feature point

set f,, as shown in Fig. 4.

240 | < 240 | 2 240 |
220 | 220 | 220 |
il |
£ 180 | 180 | 180 |
E 160 ] £ 160 £ 160 |
=140 =140 | " 140 |
120 120 ¢ 120 |
128 F _ 100 + 100 |
60 L , . G5 , 28 L . e 80 | . : : . .
50 100 150 200 250 50 100 150 200 250 100 150 200 250 300
y/mm y/mm y/mm
(@) (b) (c)
zof W=
200 2007 £ 100
E180 | g 180F £ 5
£ 160 E 160}
= 140 = 3
120 t 140 200
100 120F ™ 100
e S A '- xmm 250 300
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Fig. 4 Feature point set of optimal fitting ring
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Among them, Fig. 4(f) is the maximum value of
the optimal circle in four directions. Obviously,
feature set f, can represent the geometric
characteristics of skull contour better. So the feature
point set f, is used for the second ICP registration,

and all the registration operations are completed.
3 Experiments and Analysis

We download CT and MR PD, MR_TI1,
MR _T?2 brain data of patient 001 to patient 009 from
the RIRE database, and completed registration of CT
to MR_PD, CT to MR_T1 and CT to MR_T2
separately. A total of 27 registration experimentsare
carried out based on the proposed algorithm. Before
registration, we mark the four corners of the two
modes separately for error
registration. Take CT to MR_PD of patient 001 as an

example. The effect of registration is shown in Fig. 5,

comparison  after

and the fusion effect is shown in Fig. 6.

100

700 200
0

~100
0 ~50 /mm
~100-200 bz
x/mm 100

Fig. 5 Marked position after registration

(a) X-Y Direction

(b) Y-Z Direction (c) X-Z Direction
Fig. 6 Fused Profile

Calculate the maximum error, minimum error
and evaluation error of the registration by using the

distance of the marked points as a measure. The

E R
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results of the registration effect compared with the
ICP algorithm based on all point cloud are shown in
Tab. 3.

Tab. 3 Comparison of registration errors

Registration Average Median Maximum
Method Error/mm  Error/mm  Error/mm
Traditional ICP
2.67 3.79 531
Method
Fast Registration
2.81 3.65 6.17
Method

As can be seen from the table, the accuracy of
registration based on geometric feature invariants in
this paper is still satisfactory. Comparing with
traditional ICP algorithm, this algorithm is not easy to
fall into local optimum. Next, the registration speed
is compared on the same computer. The processor is
Intel(R) Core(TM) i7-6700HQ CPU@2.60GHz,
RAM: 12.0 GB. The comparison

registration speed are shown in Tab. 4.

results of

Tab. 4 Registration speed comparison

Registration Method Average time consuming /s
Traditional ICP Method 52.80
Fast Registration Method 5.61

Obviously, the registration speed of this method
is very fast. The average registration time of the
algorithm is less than 10 s, and the efficiency is much
higher than that of the traditional ICP method. This is
mainly because the relative geometric invariants
constructed by this method can better present the
cranial geometric characteristics. On the premise, the
constructed feature invariants reduce the registration
calculation greatly, which makes the registration
speed extremely fast under the condition of better
registration accuracy. Experimental simulations show
that, except for the preprocessing time, the average
time of the iterative optimization process is less than
2s.
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4 Conclusion

In this paper, a fast registration algorithm of
multi-modal 3D medical image based on relative
geometric invariants is proposed. Constructing
invariants based on cranial geometric space
constraints is used for ICP iterative calculation,
which greatly reduces the computational complexity
and improves the registration speed significantly.
Specifically, the  method  first  completes
preprocessing to extract the cranial contour data set,
and then completes the first ICP registration based on
the optimal unit loop, and finally completes the
second ICP registration based on the optimal fitting
ring. The experiment is carried out with the image
from RIRE database. The results show that the
method has high registration accuracy and fast
registration speed. It is an effective registration
method with immediacy, which provide the
possibility for the clinical real-time registration of

multi-modal 3D medical images.

Reference:

[1] Patel M I, Thakar V K, Shah S K. Image Registration of
Satellite Images with Varying Illumination Level Using
HOG Descriptor Based SURF[J]. Procedia Computer
Science (S1877-0509), 2016, 93: 382-388.

[2] Cao W M, Lyu F F, He Z H, et al. Multi-modal Medical

Image Registration Based on Feature Spheres in
Geometric Algebra[J]. IEEE Access (S2169-3536), 2018,
6:21164-21172.

[3] Aganj I, Fischl B. Multimodal image registration through
simultaneous segmentation[J]. IEEE Signal Processing
Letters (§1070-9908), 2017, 24(11): 1661 - 1665.

[4] Woo J, Stone M, Prince J L. Multimodal Registration Via
Mutual Information Incorporating Geometric and Spatial
Context[J]. IEEE Transactions on Image Processing
(S1057-7149), 2015, 24(2): 757-769.

[5] LiF, Hitchens C, Stoddart D. A performance Evaluation
Method to Compare the Multi-view Point Cloud Data
Registration Based on ICP Algorithm and Reference
Marker[J]. Journal of Modern Optics (S0950-0340), 2018,
65(1): 30-37.

[6] Wu Z, Chen H, Du S, et al. Correntropy Based Scale ICP
Algorithm for Robust Point Set Registration[J]. Pattern
Recognition (S0031-3203), 2019, 93(9): 14-24.

[7] Pradhan S, Patra D. Enhanced Mutual Information Based
Medical Image Registration [J]. let Image Processing
(S1751-9659), 2016, 10(5): 418-427.

[8] Almhdie A, Deriche M. 3D Registration Using a New
Implementation of the ICP Aalgorithm Based on a
Comprehensive Lookup Matrix: Application to Medical
Imaging[J]. Pattern Recognition Letters (S0167-8655),
2007, 28(12): 1523-1533.

[9] Du SYY, Liu J, Bi B, et al. New lterative Closest Point
Algorithm for Isotropic Scaling Registration of Point Sets
with Noise[J]. Journal of Visual Communication and
Image Representation (S1047-3203), 2016, 38: 207-216.

[L0]Hua L, Cheng T Y, Gu J P. 3D Medical Image
Registration Based on Clifford Relative Invariant and
Region of Interest[J]. Journal of Graphics (52095-302X),
2017, 38(1): 90-96.

http: // www.china-simulation.com

* 2111~

Published by Journal of System Simulation, 2020



	Fast 3D Medical Image Registration Based on Geometric Feature Invariants
	Fast 3D Medical Image Registration Based on Geometric Feature Invariants
	Abstract
	Keywords
	Authors
	Recommended Citation

	/var/tmp/StampPDF/UHHJ0X1TXe/tmp.1688103004.pdf.0hlyY

