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(57) ABSTRACT

An ultrasound probe calibration system and method. The
system comprises an ultrasound probe calibration phantom
(100), and the ultrasound probe calibration phantom (100) is
provided with a sunken recess (110) at a middle position of
an upper surface thereof and with several conical holes on a
side surface thereof. The sunken recess (110) is fixedly
connected with a two dimensional ultrasound probe (220)
therein. The conical hole is inserted with an NDI insertion
stylus (230), and a tip of the NDI insertion stylus (230) can
be acquired in ultrasound imaging. An ultrasound probe
calibration system employing the above structure enables a
midplane of an ultrasound plane to pass a midplane of an
ultrasound probe calibration phantom (100) along a middle
gap, such that a tip of an NDI insertion stylus (230) is used
for the midplane of the ultrasound plane, thereby addressing
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Figure 3

Fixing the calibration phantom of the ultrasonic probe in the $310
ultrasonic water tank, and enabling the purified water m the K
ultrasonic water tank to exactly submerge the calibration phantom of
the wltrasonic probe

Y
Fiang the two-dimensional altrasonic probe in the concave groove,
and further fixing a locating and tracking device in the two-
dimensional ultrasonic probe

Y

Inserting NDI puncture probes in the conical holes, and acquiring tips
of the NID puncture probes through ultrasonic images

Y

Simultancously acquiring position mformation of the tips and K 5340

position information of the locating and tracking device in a world
coordinate system through the NDI puncture probes

Y

Recording the pixel position information of the tips on the ultrasonic
image plane

Y
Solving the transformation matrix by an image registration algorithm
based on an iterative closest point to synchronously acquire space
calibration and time calibration

Figure 4
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ULTRASOUND PROBE CALIBRATION
PHANTOM, ULTRASOUND PROBE
CALIBRATION SYSTEM AND
CALIBRATION METHOD THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application is the U.S. national phase of PCT
Application PCT/CN2015/100063 filed on Dec. 31, 2015,
which claims to the Chinese patent application No.
201510551128.1 filed on Sep. 1, 2015, the disclosures of
which are incorporated herein by reference in their entire-
ties.

TECHNICAL FIELD

The invention relates to the technical field of ultrasonic
images, in particular to a calibration phantom and system of
an ultrasonic probe and a method of calibration thereof.

BACKGROUND ART

Ultrasonic imaging has been widely used in ultrasonic
image guided interventional operation and reestablishment
of three-dimensional volume data. However, a common
two-dimensional ultrasonic probe does not have peripheral
positioning equipment, so ultrasonic image data cannot be
directly used in operation. Therefore, a corresponding trans-
formation relation must be established between a locating
device and an ultrasonic imaging plane. Calibration of an
ultrasonic probe is a process of confirming the transforma-
tion relation of transforming a coordinate system of a
position sensor fixed on the ultrasonic probe into a coordi-
nate system of a two-dimensional ultrasonic imaging plane.

In a calibration algorithm of the ultrasonic probe, design
and making of calibration model are crucial. The quality of
the design of the model directly affects complexity of
calibration operation, clearness of imaging of calibration
feature points, convenience of extraction of the feature
points and precision of follow-up calibration solving. Typi-
cal calibration models for ultrasonic probes can be divided
into the following two kinds: phantom-based calibration
models and stylus-based calibration models.

In single-point phantom calibration, a round object (as
shown in FIG. 1a) or an intersection point of intersection
lines (as shown in FIG. 15) are scanned and imaged at
multiple angles, and the object is separated from a scanned
image, and is generally regarded as the origin of coordinates
of a phantom object for solving. Calibration precision of the
kind of method depends on locating accuracy to an object of
a feature point on an ultrasonic image, and the ultrasonic
image plane requires exactly passing through the center
point of the object of the feature point. Several intersection
lines form several imagable round intersection points in the
multi-point and intersection line phantom, which also
requires the ultrasonic image plane to pass through the plane
with the intersection points. The several intersection points
often have a three-point collinear or three-point coplanar
triangular relation (as shown in FIG. 1¢), and a calibration
equation is solved by utilizing such geometrical-restriction
relation. Calibration thinking of a two-dimensional-shaped
phantom is similar to that of a multi-point phantom, which
scans the intersection points (as shown in FIG. 1d) of the
intersection lines instead of the geometric angular points of
a two-dimensional planar object, and generally shows higher
brightness value in terms of the scanned images. A three-
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intersection-line phantom consists of three intersection lines
which are perpendicular in a pairwise manner (as shown in
FIG. 1e). As the original intention of the design of the
phantom, a coordinate system consisting of the three inter-
section lines is used as a local coordinate system of the
phantomni, so that an ultrasonic scanning plane is unneces-
sarily to be perpendicular to a calibration phantom of an
ultrasonic probe, and can simplify scanning operation rela-
tively.

As the method of calibration of a surface phantom, a flat
plate capable of imaging clearly in ultrasound is fixed at the
bottom of a water tank or in the water tank and is used as the
calibration phantom of the ultrasonic probe; the image of the
phantom in ultrasound is a straight line, so that follow-up
image features (straight line) are easier to be extracted, and
the quantity of points on the straight line can be quite rich
for the solving of the calibration equation. N-shaped targets
(as shown in FIG. 1f) are formed by an N-shaped phantom
through a layer or multiple layers of nylon wires; when an
ultrasonic plane passes through the N-shaped targets, each
N-shaped target wire produces three bright spot feature
points on the image. After coordinates of three bright spots
of each N-shaped target wire are manually recognized and
picked up, a three-dimensional coordinate value of an inter-
section point of the corresponding N-shaped target and the
imaging plane in a design coordinate system can be solved
as per the ratio of the distance between the left bright spot
and the middle bright spot to the distance between the right
bright spot and the middle bright spot according to the
design constraint of the model.

In recent years, because N-shaped phantoms are simple to
be made and speedy and convenient to be scanned, they have
been widely used. However, a sound field of an ultrasonic
probe is diffused with increase of scanning depth; and the
ultrasonic imaging plane is not an ideal geometric plane. An
imaging plane with certain thickness is intersected with a
linear target; projection of a transmitting target on an ideal
imaging plane cannot be comparable to a point, thus, a linear
and even arc-shaped bright spot feature point is formed.
However, the light spot has quite large error and uncertainty
when the coordinates of a mark point are manually or
automatically picked up, which results in larger error in
calculation of reestablishment of three-dimensional coordi-
nates of the N-shaped targets, loss of co-planarity which
originally existed in the process, and reduction of calibration
precision.

SUMMARY

Based on these above, the invention provides a calibration
phantom of an ultrasonic probe to effectively solve problems
existing in the prior art.

On one hand, the invention provides a calibration phan-
tom of an ultrasonic probe; a concave groove is formed in
the middle of the upper surface of the calibration phantom
of the ultrasonic probe; and several conical holes are formed
on a side surface of the calibration phantom of the ultrasonic
probe.

On the other hand, the invention further provides a
calibration system of an ultrasonic probe, comprising:

an ultrasonic water tank, which contains purified water;

a calibration phantom of an ultrasonic probe, which is
fixed in the ultrasonic water tank, wherein the purified water
exactly submerges the calibration phantom of the ultrasonic
probe; a concave groove is formed in the middle of the upper
surface of the calibration phantom of the ultrasonic probe;
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and a plurality of conical holes are formed on a side surface
of the calibration phantom of the ultrasonic probe;

a two-dimensional ultrasonic probe, which is fixed in the
concave groove, wherein a locating and tracking device is
further fixed in the two-dimensional ultrasonic probe; and

NDI puncture probes, which are inserted in the conical
holes, so that tips of the NDI puncture probes are acquired
through ultrasonic images.

In some embodiments, the calibration phantom of the
ultrasonic probe is made of a material with good ultrasonic
wave permeability.

In some embodiments, the calibration phantom of the
ultrasonic probe is made of organic glass.

In another aspect, the invention further provides a method
of calibration of an ultrasonic probe, comprising the follow-
ing steps:

fixing the calibration phantom of the ultrasonic probe in
the ultrasonic water tank, and enabling the purified water in
the ultrasonic water tank to exactly submerge the calibration
phantom of the ultrasonic probe, wherein the concave
groove is formed in the middle of the upper surface of the
calibration phantom of the ultrasonic probe, and the conical
holes are formed on the side surface of the calibration
phantom of the ultrasonic probe;

fixing the two-dimensional ultrasonic probe in the con-
cave groove, and further fixing the locating and tracking
device in the two-dimensional ultrasonic probe;

inserting the NDI puncture probes in the conical holes,
and acquiring tips of the NID puncture probes through
ultrasonic images;

simultaneously acquiring position information of the tips
and position information of the locating and tracking device
in a world coordinate system through the NDI puncture
probes, and respectively marking the position information of
the tips and the position information of the locating and
tracking device as y; and Ts_, ;55

recording the pixel position information of the tips on the
ultrasonic image plane, and marking the pixel position
information as x,, wherein y=T¢ ;- Tp_.c and Tp_s is a
transformation matrix of an unknown ultrasonic imaging
plane coordinate system P to an ultrasonic probe locating
device coordinate system S; and

solving the transformation matrix T,_.¢ by an image
registration algorithm based on an iterative closest point to
synchronously acquire space calibration and time calibra-
tion.

In some embodiments, the method further comprises the
following steps:

changing the positions of the NDI puncture probes in the
calibration phantom of the ultrasonic probe, acquiring a
point set pair of positions of the tips in some lines, and
marking the point set pair as Y={y,i€m} and X={x,i€n},
where m is not equal to n, and m and n are natural numbers;
and

establishing the following formula according to the image
registration algorithm based on the iterative closest point,
wherein a process of iteratively solving the following for-
mula can be regarded as a process of iteratively minimizing
the following two equations:

m n

k . & 2 k4l . k2

of = argminy [T*(x) - yif', 7! = argminy " |T0x) - s
= T oA

transforming every point ixeX of a set X by a current
transformation matrix T k, finding a point which is the
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closest to T*(x,) in a set Y, and marking the point as a
corresponding point ¢, of k” iteration, wherein the result of
the step is a set (x,,c,) of a corresponding point pair; and

repeating the operation, and finding a transformation
matrix T to enable a point set Y={y,i€m} and a point set
X={x,i€n} to be aligned with each other.

In some embodiments, the calibration phantom of the
ultrasonic probe is made of the material with good ultrasonic
wave permeability.

In some embodiments, the calibration phantom of the
ultrasonic probe is made of the organic glass.

By the technical solution, the invention has the following
beneficial effects:

As for the calibration phantom of the ultrasonic probe
provided by the invention, the concave groove is formed in
the middle of the upper surface of the calibration phantom
of the ultrasonic probe; the conical holes are formed on the
side surface of the calibration phantom of the ultrasonic
probe; owing to the structure of the calibration phantom of
the ultrasonic probe, the two-dimensional ultrasonic probe
can be fixed on the calibration phantom of the ultrasonic
probe, which avoids accidental shake errors caused by
manually grasping the two-dimensional ultrasonic probe and
the like, and greatly improves the practicability of the
calibration system.

As for the calibration system of the ultrasonic probe
provided by the invention, the concave groove is formed in
the middle of the upper surface of the calibration phantom
of the ultrasonic probe; the conical holes are formed on the
side surface of the calibration phantom of the ultrasonic
probe; the inside of the concave groove is fixedly connected
with the two-dimensional ultrasonic probe; the NDI punc-
ture probes are inserted in the conical holes; the tips of the
NDI puncture probes can be acquired by the ultrasonic
images; the calibration system of the ultrasonic probe with
the structure is used; a neutral surface of an ultrasonic plane
can exactly pass through a neutral surface of the calibration
phantom of the ultrasonic probe along a gap in the middle,
so that the neutral surface of the ultrasonic plane exactly
adopts the tips of the NDI puncture probes; and therefore,
the problem that a ‘point-shaped’ phantom and a two-
dimensional ‘surface-shaped’ phantom cannot be aligned
with the ultrasonic plane is solved well; and

As for the method of calibration of the ultrasonic probe
provided by the invention, the image registration algorithm
based on the iterative closest point is adopted, so that (i) a
corresponding relation between two point sets (feature
points on the calibration phantom of the ultrasonic probe and
corresponding feature points on the ultrasonic imaging
plane) can be found out autormatically, and synchronization
of the two point sets on time is not required; (ii) the set
numbers of the two point sets are not required to be equal;
and (iii) once the transformation matrix is solved and
obtained, delayed time between image data and locating data
in the calibration system can be solved reversely, and
therefore, the problem of space calibration and time cali-
bration of the ultrasonic probe can be solved well by the
algorithm.

BRIEF DESCRIPTION OF THE DRAWINGS

In FIG. 1, (a) is a structure diagram of a point phantom of
a calibration phantom of an ultrasonic probe provided in the
prior art;

in FIG. 1, (b) is a structure diagram of a single-intersec-
tion-line phantom of a calibration phantom of an ultrasonic
probe provided in the prior art;
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in FIG. 1, (¢) is a structure diagram of a multi-intersec-
tion-line phantom of a calibration phantom of an ultrasonic
probe provided in the prior art;

in FIG. 1, (d) is a structure diagram of a two-dimensional-
shaped phantom of a calibration phantom of an ultrasonic
probe provided in the prior art;

in FIG. 1, (e) is a structure diagram of a three-intersection-
line phantom of a calibration phantom of an ultrasonic probe
provided in the prior art;

in FIG. 1, () is a structure diagram of an N-shaped
phantom of a calibration phantom of an ultrasonic probe
provided in the prior art;

FIG. 2 is a structure diagram of a calibration phantom of
an ultrasonic probe provided by an embodiment of the
invention;

FIG. 3 is a structure diagram of a calibration system of an
ultrasonic probe provided by an embodiment of the inven-
tion,;

FIG. 4 is a flow diagram of steps of a method of
calibration of an ultrasonic probe provided by an embodi-
ment of the invention; and

FIG. 5 is an image of NDI puncture probes provided by
an embodiment of the invention on an ultrasonic probe.

DETAILED DESCRIPTION

For understanding the invention conveniently, the inven-
tion will be described more comprehensively below with
reference to the related drawings.

In the drawings, preferred embodiments of the invention
are shown. The above description is only the preferred
embodiments of the invention and does not limit the scope
of the patent of invention; any equivalent structure or
equivalent process modification used according to the con-
tents of the specification and drawings in the invention, no
matter whether it is directly or indirectly used in any other
related technical fields, should be included within the pro-
tection scope of the patent of invention.

As shown in FIG. 2, an embodiment of the invention
provides a calibration phantom 100 of an ultrasonic probe;
a concave groove 110 is formed in the middle of the upper
surface of the calibration phantom 100 of the ultrasonic
probe; and a plurality of conical holes (not shown) are
formed on the side surface of the calibration phantom 100 of
the ultrasonic probe.

It may be appreciated that the calibration phantom 100 of
the ultrasonic probe is made of a material with good ultra-
sonic wave permeability, and particularly, the calibration
phantom 100 of the ultrasonic probe is made of organic
glass.

As for the calibration phantom 100 of the ultrasonic probe
provided by the invention, because the concave groove 110
is formed in the middle of the upper surface, several conical
holes are formed on the side surface; because such structure
of the calibration phantom of the ultrasonic probe makes the
two-dimensional ultrasonic probe able to be fixed on the
calibration phantom of the ultrasonic probe, accidental
shake errors caused by the reason that the two-dimensional
ultrasonic probe is grasped manually and the like are
avoided, which greatly improves the practicability of the
calibration system.

As shown in FIG. 3, an embodiment of the invention
provides a calibration system of an ultrasonic probe, which
comprises an ultrasonic water tank 210, a calibration phan-
tom 100 of an ultrasonic probe, a two-dimensional ultra-
sonic probe 220 and NDI puncture probes 230.
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Wherein, the ultrasonic water tank 210 contains purified
water; the calibration phantom 100 of the ultrasonic probe is
fixed in the ultrasonic water tank 210; the purified water
exactly submerges the calibration phantom 100 of the ultra-
sonic probe; the two-dimensional ultrasonic probe 220 is
fixed in the concave groove 110; a locating and tracking
device (not shown) is further fixed in the two-dimensional
ultrasonic probe 220; the NDI puncture probes 230 are
fixedly inserted in the conical holes; and tips of the NDI
puncture probes 230 can be acquired through ultrasonic
images.

The calibration system 200 of the ultrasonic probe adopt-
ing the above structure in the invention can make the neutral
surface of an ultrasonic plane exactly pass through a neutral
surface of the calibration phantom of the ultrasonic probe
along a gap in the middle, so that the neutral surface of the
ultrasonic plane exactly adopts the tips of the NDI puncture
probes, and therefore, the problem that a ‘point-shaped’
phantom and a two-dimensional ‘surface-shaped’ phantom
cannot be aligned with the ultrasonic plane is solved well.

As shown in FIG. 4, the flow diagram of steps of a method
of calibration of an ultrasonic probe provided in the embodi-
ment of the invention comprises the following steps:

step S310: fixing the calibration phantom of the ultrasonic
probe in the ultrasonic water tank, and enabling the purified
water in the ultrasonic water tank to exactly submerge the
calibration phantom of the ultrasonic probe;

step S320: fixing the two-dimensional ultrasonic probe in
the concave groove, and further fixing a locating and track-
ing device in the two-dimensional ultrasonic probe;

step S330: inserting the NDI puncture probes in the
conical holes, and acquiring the tips of the NDI puncture
probes through the ultrasonic images, wherein it may be
appreciated that an acquired tip image should be a point of
intersection between another side wall in a gap and an
ultrasonic plane theoretically, but because the actual ultra-
sonic plane has certain thickness, a quite small error exists,
a dot A in a ring as shown in FIG. 5 can be obtained, an
imaging effect shows that the imaging quality of feature
points of the tips of the NDI puncture probes is excellent,
and requirements of precision of manual and automatic
separation can be met;

step S340: simultaneously acquiring position information
of the tips and position information of the locating and
tracking device in a world coordinate system through the
NDI puncture probes, and respectively marking the position
information of the tips and the position information of the
locating and tracking device as y, and Ts_, ;5

step S350: recording the pixel position information of the
tips on the ultrasonic image plane, and marking the pixel
position information as x,, wherein y,=T_, ;> Tp_.sX;, Tp_.g
is a transformation matrix from an unknown ultrasonic
imaging plane coordinate system P to an ultrasonic probe
locating device coordinate system S; and it may be appre-
ciated that x, and y, are different expressions of the same
point in two different coordinate systems in space; and

step S360: solving the transformation matrix Tp_ ¢ by the
image registration algorithm based on the iterative closest
point to synchronously acquire space calibration and time
calibration.

It may be appreciated that the image registration algo-
rithm based on the iterative closest point is used for solving
a transformation matrix to be solved, which can simultane-
ously solve space calibration and time calibration, and
greatly improve the precision of calibration.
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Another embodiment further comprises the following
steps:

step S370: changing the positions of the NDI puncture
probes in the calibration phantom of the ultrasonic probe,
acquiring a point set pair of positions of tips in some lines,
and marking the point set pair as Y={y,,i€m} and X={x,
i€n}, where m is not equal to n, and m and n are natural
numbers;

step S380: establishing the following formula according
to the image registration algorithm based on the iterative
closest point, wherein a process of iteratively solving the
following formula can be regarded as a process of iteratively
minimizing the following two equations:

m n

. 2 . 2

ok = argminy [7¢(x) = yif', %! = argmin) " |T(x) - i1
yie¥ 0 T o=

It may be appreciated that the most outstanding feature of
the ICP algorithm is as follows: points in the point set X are
not required to be in one-to-one correspondence to points in
the point set Y completely. On the contrary, if the transfor-
mation matrix T corresponding to the two point sets are
known, the one-to-one corresponding relation between the
two point sets can be confirmed by ICP. In mathematics, the
solving process of the ICP algorithm can be regarded as the
process of iteratively minimizing the above two equations.

Step S390: transforming every point x,&X of the set X by
a current transformation matrix T, finding a point which is
the closest to T¢ (x,) in the set Y, and marking the point as
a corresponding point ¢,* of k™ iteration, wherein the result
of the step is a set (x,.¢,) of a corresponding point pair;

step S410: repeating the operation, and finding a trans-
formation matrix T to enable a point set Y={y,, i€m} and a
point set X={x,, i€n} to be aligned with each other.

The method of calibration of the ultrasonic probe pro-
vided by the invention adopts the image registration algo-
rithm based on the iterative closest point, so that (i) a
corresponding relation between two point sets (feature
points on the calibration phantom of the ultrasonic probe and
corresponding feature points on the ultrasonic imaging
plane) can be found out automatically, and synchronization
of the two point sets on time is not required; (ii) the set
numbers of the two point sets are not required to be equal;
and (iii) once the transformation matrix is solved and
obtained, delayed time between image data and locating data
in the calibration system can be solved reversely, and
therefore, the problem of space calibration and time cali-
bration of the ultrasonic probe can be solved well by the
algorithm.

The above embodiments only express several embodi-
ments of the invention, whose description is relatively
specific and detailed, but it should not be construed as
limiting the scope of the patent of invention. It should be
noted that for those ordinary skilled in the art, various
changes and modifications can further be carried out on the
premise of not departing from the concept of the invention,
and belong to the protection scope of the invention. There-
fore, the protection scope of the patent of invention should
be determined by the appended claims.

The invention claimed is:

1. A method of calibration of an ultrasonic probe, com-
prising following steps:

fixing a calibration phantom of the ultrasonic probe in a

ultrasonic water tank, and enabling purified water in the
ultrasonic water tank to exactly submerge the calibra-
tion phantom of the ultrasonic probe, wherein a con-
cave groove is formed in the middle of the upper
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surface of the calibration phantom of the ultrasonic
probe; and a plurality of conical holes are formed on the
side surface of the calibration phantom of the ultrasonic
probe;

fixing a two-dimensional ultrasonic probe in the concave
groove, and further fixing a locating and tracking
device in the two-dimensional ultrasonic probe;

inserting puncture probes in the conical holes, and acquir-
ing tips of the puncture probes through ultrasonic
images;

simultaneously acquiring position information of the tips
and position information of the locating and tracking
device in a world coordinate system through the punc-
ture probes, and respectively marking the position
information of the tips and the position information of
the locating and tracking device as y, and Tg__ ;5

recording the pixel position information of the tips on the
ultrasonic image plane, and marking the pixel position
information as x,, wherein y=T  ,Tp_ X, and
Tp_s 18 a transformation matrix from an unknown
ultrasonic imaging plane coordinate system P to an
ultrasonic probe locating device coordinate system S;
and

solving the transformation matrix T,_,; by an image
registration algorithm based on an iterative closest
point to synchronously acquire space calibration and
time calibration;

wherein, the method further comprises following steps:

changing the positions of the puncture probes in the
calibration phantom of the ultrasonic probe, acquiring
a point set pair of positions of at least six tips, and
marking the point set pair as Y={y,, i€m} and X={x,,
i€n}, where m is not equal to n, and m and n are natural
numbers; and

solving an optimal transformation matrix T to enable the
point set pair Y={y,, i€m} and X={x,, in} to be
aligned with each other;

wherein, solving the optimal transformation matrix T to
enable the point set pair Y={y,, i€m} and X={x,, i€n}
to be aligned with each other comprises:

step 1: transforming every point x, EX of a set X by using
a formula (1) through a transformation matrix TF,
finding a point which is the closest to T¢ (x,) in a set Y,
and marking the point as a corresponding point ¢,* of k
iteration to obtain a set (x,, ¢,%) of a corresponding point
pair, wherein the formula (1) is as follows:

RS 2
o = argrmnz ITx:) - il
vier i

and
step 2: solving a transformation matrix T according to a
set (x,, ¢,°) by using a formula (2) to obtain a direct
transformation relation of a description point set pair
Y={y,, i€m} and X={x,, i€n} wherein the formula (2)
is as follows:

and
iteratively carrying out step 1 and step 2, and solving to
obtain an optimal transformation matrix T to enable the
point set pair Y={y,, i€m} and X={x,, i€n} to be
aligned with each other.
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2. The method of calibration of an ultrasonic probe of
claim 1, wherein the calibration phantom of the ultrasonic
probe is made of organic glass.

* % % ok &
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Fixing the calibration phantom of the ultrasonic probe in the
ultrasonic water tank, and enabling the purified water in the
ultrasonic water tank to exactly submerge the calibration phantom of
the ultrasonic probe

/ 8310

Fixing the two-dimensional ultrasonic probe in the concave groove,
and further fixing a locating and tracking device in the two-
dimensional ultrasonic probe

/— S320

Inserting NDI puncture probes in the conical holes, and acquiring tips
of the NID puncture probes through ultrasonic images

/’ 8330

)

Simultaneously acquiring position information of the tips and
position information of the locating and tracking device in a world

— 8340

coordinate system through the NDI puncture probes

Recording the pixel position information of the tips on the ultrasonic
image plane

/— S350

I

Solving the transformation matrix by an image registration algorithm
based on an iterative closest point to synchronously acquire space
calibration and time calibration

/— S360
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