Automation[J]. Nuclear Inst. and Methods in
Physics Research,.695(14), p.p.188-192

C.T. Potter, J.E. Brau, N.B. Sinev. (2003)A
CCD Vertex Detector for Measuring Higgs
Boson Branching Ratios at a Linear Collider
. Nuclear Inst. and Methods in Physics Re-
search, 511 (1), p.p.225-228.

Christopher Dean, Timothy A Warner, James
B McGraw. (2000) Suitability of the DCS460c
Colour Digital Camera for Quantitative Re-
mote Sensing Analysis of Vegetation. ISPRS
Journal of Photogrammetry and Remote Sens-
ing, 55(2), p.p-105-118.

J. M. Souil , P. Joulain , E. Gengembre. (2010)
Experimental and Theoretical Study of Ther-
mal Radiation from Turbulent Diffusion
Flames to Vertical Target Surfaces. Experi-
mental Brain Research, 201 (3), p.p.365-384.
J. Jurkovic, M. Korosec, J. Kopac. (2005) New
Approach in Tool Wear Measuring Technique
using CCD Vision System. International Jour-
nal of Machine Tools and Manufacture, 45 (9),
p.p-1023-1030.

8.

10.

I1.

12.

Engineering science

Piérard-Franchimont C, Paquet P, Quatresooz
P, et al. (2007) Smoothing the Mosaic Subclin-
ical Melanoderma by Calcipotriol. Furopean
Academy of Dermatology and Venereology.
Journal, 21 (5), p.p.657-661.

Dong T., HuaD., LiY., Dong T, et al. (2014)
Dual-screen Triggering System for CCD Ver-
tical Target [J]. Journal of Applied Optics, 35
(4), p.p-638-642.

Haipeng Chen, Xuanjing Shen, Xiaofei Li, et
al. (2011)Bionic Mosaic Method of Panoramic
Image Based on Compound Eye of Fly. Jour-
nal of Bionic Engineering, 8 (4), p.p.440-448.
Zemin Wang, Zhiyong Lei, Junchai Gao,et al.
(2011) Research on CCD Vertical Target with
Wide Field of View Based on Field Splicing.
Energy Procedia, 11(5), p.p.1827-1833.

Jing Li, Zhiyong Lei, Juan Liu (2014) Perfor-
mance Analysis on the Target Detection of Lin-
ear Camera of CCD Vertical Target Coordinate
Measurement System.Sensors & Transducers,
174 (7), p.p-285-291.

A PTV Method Based on SIFT Feature Points Matching for
Velocimetry Measurement

Jiantao Wu, Li Sun

School of Art and Design, Yanshan University,
Qinhuangdao 066004, Hebei, China

Li Ying Wei, Huixue Sun

School of Mechanical Engineering, Yanshan University,
Qinhuangdao 066004, Hebei, China

Metallurgical and Mining Industry

No. 8 — 2015



http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(C.T.+Potter)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(J.E.+Brau)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(N.B.+Sinev)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Christopher+Dean)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Timothy+A+Warner)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(James+B+McGraw)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(James+B+McGraw)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(J.+M.++Souil)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(P.++Joulain)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(E.++Gengembre)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Dong+T.)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Hua+D.)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Li+Y.)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Dong+T.)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Haipeng+Chen)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Xuanjing+Shen)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Xiaofei+Li)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Zemin+Wang)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Zhiyong+Lei)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Junchai+Gao)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Jing%2c+Li)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Zhiyong%2c+Lei)
http://scholar.cnki.net/result.aspx?q=%e4%bd%9c%e8%80%85%3a(Juan%2c+Liu)

Engineering science

Abstract

Due to the scale invariant feature transform (SIFT) feature points’ advantages for the invariant to image
scale, brightness, rotation, occlusion and noise so on, in this paper, a PTV method on SIFT feature points
matching for velocity measurement of oil-water two-phase flow based is proposed. For the oil-water
two-phase flow with large droplet diameter, oil droplets overlap, ununiformed lighting, and the centroid
position of oil droplets can’t be obtained only by using traditional PTV methods through morphological
processing. However, the algorithm in this paper can directly achieve the average velocity of the flow field
according to the positions of correctly matched SIFT feature points, and there is no need to extract the
centroid coordinates of each oil droplet. The experimental results show that the proposed algorithm can be
used in the average velocity measurement of oil-water two-phase flow, moreover, the measuring accuracy

can reach 95% when the matching feature points are sufficient.

Key words:
TRANSFORM(SIFT),
VELOCIMETRY MEASUREMENT.

1. Introduction

The flow characteristic parameters of oil-water
two-phase flow have been an important factor in-
fluencing oil extraction and production logging, and
studying on flow regularity is not only the foundation
of the research of oil-gas-water three-phase flow, but
also is the key to improve the multiphase flow mea-
surement technique. Especially the accuracy and re-
liability of the velocimetry measurement restrict the
development of the PIV measurement technology of
multi-phase flow.

At present the PIV velocity measuring technolo-
gy of two-phase flow has got a great development,
but most method concentrate on the gas-liquid,
gas-solid and liquid-solid two-phase flow [1-3], and
the research and development of PIV technology of
oil-water two-phase have been lagged behind. Due
to that the flow regime of oil-water two phase flow
in horizontal is complicated, the phenomena such as
the uneven distribution of oil droplet size, Oil droplet
velocity gradient, droplet overlap and rotation often
exist, and the velocity parameter measurement tech-
nology of oil-water two-phase flow is still relatively
backward [4], about which many researches about
it has been done by a few scholars. Elseth et al [5]
measured velocity field of oil-water stratified flow
by a laser Doppler displacement meter. Zhang H B
et al [6] simulated velocity field of oil-water strati-
fied flow of horizontal well. Wang L h and Xu M et
al [7,8] measured velocity field of stratified flow and
dispersed flow of oil-water two-phase flow in hori-
zontal pipeline respectively on the PIV experiments
platform by self-developed. Zhai et al [9] measured
the cross-correlation velocity of oil-water two-phase
flow in horizontal pipeline by a parallel line capaci-
tance detector PIV technology as a transient velocity
measurement method of unperturbed audience has
been widely applied to various aspects of velocim-
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etry measurement. According to the concentration
size of tracer particles, Adrian [10] divided the PIV
technology into particle tracking velocimetry (PTV),
particle image velocimetry (PIV) and laser speckle
velocimetry (LSV). When the particle concentration
is extremely low, particle displacement by identify-
ing and tracking the movement of individual particles
can be obtained, thus obtained particle velocity, the
velocity measurement method of this model is called
particle tracking PTV technology. Traditional PTV
[11-13] particle tracking method is largely dependent
on image segmentation techniques, it will be appear
a phenomenon that the particle diameter is larger or
exist in the sheltered and rotation of the particle, and
the method is no longer applicable.

Due to that the SIFT operator [14] has the char-
acteristics of remain invariance to scale, rotation, oc-
clusion, brightness and so on, therefore, according to
the characteristic of SIFT feature points matching, a
new PTV algorithm based on Scale Invariant Feature
Transform (SIFT) feature points matching is pro-
posed. The velocity field of oil-water two phase flow
with low-concentration of oil droplets is measured by
this algorithm, and experimental results show the ef-
fectiveness of this algorithm.

2. The PTV Algorithm Based on SIFT Feature
Points Matching

When the tracer particle concentration of measur-
ing flow field is very low, the particles following the
fluid flow is similar to the motion of a single particle,
then the PTV method of particle trajectory tracking
should be used to implement velocity measurement
of the particles. Currently, there is a major imple-
mentation PTV technology [15]: four-frame image
particle tracking algorithm, the nearest neighbor and
matching probability algorithm, these algorithms
have been widely applied in two-phase flow study
under gas-solid, solid-liquid and so on , but its appli-
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cation in oil-water two-phase flow is still relatively
small. Therefore, this paper proposes a PTV method
that can be used for oil-water two-phase flow velocity
measurement of low oil droplets concentration, and
the method achieved by SIFT feature point matching.

SIFT algorithm is a local feature extraction ap-
proach based on scale-space. The algorithm not only
has the invariant feature to image translation, rota-
tion, illumination and so on, but also it can maintains
better matching effect for the target of the movement,
occlusion, noise and other factors[16]. The major
steps of image matching based on SIFT feature points
are as follows.

2.1 Constructed scale space

To simulate multi-scale features of the image data,
it needs to construct scale space. Due to the Gaussian
convolution, kernels is the only can realize linear
nuclear of scale transform, so it often used Gaussian
functions convolve with image [17]. For example,
a scale space L(x,¥,0) of two-dimensional image
I(x,y) may be represented as Eq (1):

L(x’y,U)ZG(xa)’ao')*I(x,)’) (1)
Where G(x,V,0d) is a two-dimensional Gaussian
function of scale variable, the expression as shown

Eq (2):
G()C, ) O-) =

oo
270 )

In order to detect feature points of stable and ef-
fective effectively in the scale spatial structure, and
improve computational efficiency, Difference of
Gaussian scale-space DOG is used in SIFT algorithm
as shown in Eq (3):

D(x,y,O') = (G(X,y,kg) - G(x,yﬁ)) *I(X,J’)
=L(x,y,ko)—L(x,y,0) 3)

Where  is a constant scale factor, is a scale
space factor; the smoothness of the image was deter-
mined by the value of o ; If the is greater, the
profile characteristics of two-dimensional image cor-
respond it; If the is smaller, the detail feature of
two-dimensional image correspond it.

2.2 Detection extremum of scale space

Extreme point is a feature point of scale invari-
ance, and it needs to find extreme points in the pyr-
amids after the complete construction of DOG scale
space.

The method to detect extreme point is that for any
one pixel, its image domain and adjacent 26 pixels
within scale domain to compare, so that the sampling
points are extreme points in the image space and scale
space. The detected extreme points are considered to
be potential feature points of the image.
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2.3 Precise positioning extreme points, discard
the unstable feature points
In order to locate the positions of detected feature
points precisely, it can be achieved by surface fitting
method. First, get fitting function of feature points:
T 2
D(X) :D+6LX+1XT 0 DZX
oX 2 oX 4)
Derivative the above formula, and the extreme
points can be obtained:

oD
ox* ox (5)
And the corresponding extremes are:
D(X)=D + 1oDT X
20X (6)

To obtain the local optimal point by revise con-
stantly and discard instability, ineffective feature
points of [D(X)| < 0.03 Meanwhile, discard low-
er contrast points and unstable edge response points
based on Hessian matrix, so as to obtain the effective
feature points of the image.

2.4 Generate the feature descriptors

In order to make the key point do not change with
a variety of changes of the illumination and the per-
spective, so it needs to establish a descriptor for each
critical point, and the descriptor should have a high
uniqueness, so as to improve the matching probability
of feature points. To ensure rotation invariance, first,
it should make coordinate axis direction of rotation
to the primary key. To enhance the robustness of the
SIFT algorithm, with the description of each feature
point by using 4 % 4(16) seeds, each seed point with
eight directions vector information, for such a fea-
ture point can generated 128 datas; finally, to form
a 128-dimensional feature descriptors. At this point,
the SIFT feature descriptor has been removed influ-
ence of scale, rotation, illumination and noise and
other factors.

2.5 Feature matching

Use the extracted SIFT feature points for image
matching. The basic principle is to be similarity mea-
sured for SIFT feature points of two images which
will be matched, and calculate the closest match of
each feature point with the first image which in match
characteristics point of the image. In this paper, we
uses the slope distance as a measure similarity mea-
surement of the feature points matching effect. First,
the slope distance with U_;, between the feature vec-
tor (@4,85,a5,"") and (by, by, By, -+ ) is calculat-
ed, the following expression:
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U, = arccos[i (a; +b, )J o

with £ € (L2,".1n) s a feature vector di-
mension. In order to improve the matching precision
and exclude the feature point of no matching relation
produced by the factors such as image occlusion and
busy background, and eliminate erroneous matching
feature points by the threshold method, the following
expression:

Upn /U <R, 0<R<I )

Where Umin and U, are the closest distance
and times near distance respectively, when the ratio is
less than the threshold value with | they correctly
match, otherwise for the mismatch, in this article the
threshold  value is set to 0.65.

For a very low particle concentration in the flow
field, PTV method is usually used to measure the flow
velocity. In oil-water two-phase flow, the diameter of
oil droplet is generally larger, and exist in the phe-
nomenon as oil droplets overlap and uneven bright-
ness. It often can't get integrated oil droplets informa-
tion by the traditional image segmentation technolo-
gy, and it is difficult to extract the information such as
the location and centroid of oil droplets. Therefore, in
order to extract more unique droplets information, in
this paper to achieve the velocity measurement of low
oil droplet concentration of oil-water two phase flow
by SIFT feature point matching method, and so it is
called the PTV method based on SIFT feature points
matching. In this paper, the flow diagram of PTV al-
gorithm based on SIFT feature points matching, as
shown in figure 1.

Figure 1. The flow chart of PTV method based on SIFT feature points matching

Implementation process can be described as fol-
lows: First, the images of low concentration particles
were pre-processed, extract the area to be measured
and eliminate noise and other interference of the im-
age. Secondly, the SIFT feature points or feature point
set from two images were extracted respectively by
constructing scale space, detecting scale space ex-
trema, accurate positioning feature points and gener-
ating feature descriptors and other steps. Once again,
the SIFT feature points of two images were matched
by using the slope distance as a measure similarity
measurement of the feature points matching effect;
the unstable and invalid matching points were elim-
inated by using the threshold methods of the clos-
est distance and times near the closest distance and
the location information of correctly matching SIFT
feature points was extracted; the particle movement
displacement was obtained according to the location
information, and further the velocity value can be ob-
tained. Finally, for the correctly number of matching
feature points is not necessarily unique, there may
be obtained a plurality of velocity values; In order to
obtain a more accurate velocity value, the averaged
estimate was required for such matching results and
the final velocity value was obtained.

The main advantage of this algorithm is that, for

No. 8 — 2015

the existence of overlapping and rotating particle, the
particle diameter is large, and the flow field uneven
illumination has strong applicability, so the algorithm
is relatively simple to implement.

3. The Experimental Apparatus and Process

Figure 2 shows a system diagram of PIV velocity
measurement, this apparatus including: a dual reso-
nance pulsed Nd, YAG laser, CCD camera, synchro-
nizer and computer. Laser is an adjustable semicon-
ductor lasers which the wavelength is 532nm (green)
and the maximum output power is 2 watt. CCD cam-
era with a resolution of 1280 pixels x 392 pixels, the
acquisition rate is 10 frame / s, the laser beam into a
sheet of light, the chip optical thickness is less than
Imm in the CCD collection area, the CCD cameras
ratio scale is 30 pixel / m.

The fluid is a mixture of oil and water in the ex-
periment. When oil-water mixture with different flow
rates and different moisture content through the hor-
izontal pipe, the flow field region of interested light
sheet was formed by the laser irradiation, by shooting
the fluid for the CCD camera under the effect of the
synchronous controller, and to set the synchroniza-
tion parameters, stored and processed image data by
a computer, ultimately, using the algorithm of this pa-
per realized the analysis of video images of oil-water
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two-phase flow in MATLAB software platform, thus 4. Experimental Results and Analysis

to obtain the mean flow velocity of the fluid. In this paper, oil-water two-phase flow video is
made based on a total flow rate with 5m3/d, water
content with 80% in horizontal pipe as experimental
subject, the average velocity of the fluid is 0.20m/s.
the PIV velocity measurement system with Figure
2 was used to collecting the movement of oil-water
two-phase flow in horizontal pipe, and the PTV meth-
od Based on SIFT feature point matching was used
to analysis and processing the collected fluid image.

Figure 2. PIV method velocity measurement system

Figure 3. Original images of oil-water two-phase flow in horizontal pipe with Sm3/d-80% condition
(a) The 853th frame original image (b) The 854th frame original image

Figure 4. Preprocessed images of oil-water two-phase flow in horizontal pipe with 5Sm3/d-80%
condition (a) The 853th frame preprocessed image (b) The 854th frame preprocessed image

Figure 5. Morphological method to get the centroid (a) Canny edge detection (b) Expansion image (c)
Corrosion image (d) Filled image

Figure 6. The results of the SIFT-PTV method (a) the 853th frame image by employ SIFT to
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extract feature points (b) the 854th frame image by employ SIFT to extract feature points (c) the
image by SIFT feature point matching

Figure 3 and Figure 4 show that, the measured
flow field evident droplet size uneven distribution,
droplet size is large, uneven luminance and occlu-
sion. When it is measured by using conventional PTV
method, the droplets centroid was obtained by using
morphological. Figure 5 shows a series of images
were obtained by morphological operations. Analysis
shows that it cannot get a great effect by using tradi-
tional PTV morphological methods in this condition,
and it occur to severe adhesions and even connected
into one among the filler image particles, it is unable
to obtain the centroid coordinates of droplet particles.

Figure 6 (a) and (b) are extracted to SIFT feature
points images from the two images, and that in this
paper the PTV method based on SIFT feature points
matching was used to measure respectively. From
figure 6 (a) the extracted SIFT feature points is 846,
and Figure 6 (b) SIFT feature points extraction to
853. Figure 6 (c) shows a match of two images SIFT
feature points, the red line represents the connection
to correctly match the two feature points, two imag-
es have 452 SIFT feature points to achieve a proper
match. The location information of the first 20 feature
points is correct matching, as shown in Table 1.

Table 1. The coordinate positions of the previous 20 correct matching feature points in the 5m*/d-80% condition by using

SIFT-PTV method

the coordinate positions of the previous 20 correct matching feature points

(893.98,119.06)

(615.67,55.90)

(361.69,128.06)

(361.69,128.06)

(735.89,46.40)

the 853th frame

(735.89,46.40)

(1150.24,86.5)

(976.46,60.41)

(820.46,144.77)

(212.84,144.77)

image

(212.84,144.77)

(86.53,123.35)

(934.18,119.94)

(437.37,116.95)

(434.37,116.95)

(287.26,82.17)

(878.81, 76.38)

(878.81,76.38)

(540.83, 65.35)

(82147, 57.14)

(892.32,118.30)

(614.4,57.52)

(361.04,127.68)

(361.04,127.68)

(735.01,46.79)

the 854th frame

(735.01,46.79)

(1149.44,86.92)

(975.74,60.18)

(821.24,144.01)

(212.24,145.6)

image

(212.24,145.6)

(85.57,124.4)

(932.93,120.04)

(433.59,117.33)

(433.59,117.33)

(286.69, 82.16)

(878.09,75.91)

(878.09,75.91)

(539.40,65.72)

(820.1,58.07)

The coordinate position data is processed for SIFT
feature points of correctly matching, the displace-
ment information can be obtained on the oil drop-
lets x, y direction, and further it the average velocity
of oil droplets can be obtained in which the size is
0.19m/s, measurement error is 0.01m/s, compared
with 0.20m/s of the actual fluid velocity, i.e., the mea-
surement accuracy is 95%.

To further verify the effectiveness of the algo-
rithm, the intercept part of flow field was simulated in
pretreatment images from in figure 4, Figure 7 shows
the next part of the interception to the flow-field im-
age, the actual average velocity is also 0.20m / s.

Figure 7 shows a simulation image in low particle
concentration, and the particle diameter vary in size
and vary greatly, as well as it has some occlusion phe-
nomena among the particles. It needs to filled binary
image by using conventional PTV speed, as shown in
Figure 8. Apparently, the filled effect is not good, and
it has adhesion among the particles, even connected
into a big particle, which seriously affect the particle
centroid determination, so the measurement precision
is affected significantly when PTV method was using
in measuring.
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Figure 7. Two consecutive frame particle
images

Figure 8. Filled images

Figure 9. The SIFT feature point extraction image of part
flow field
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Figure 10. Results of SIFT feature
point matching

Figure 11. Velocity vector obtained by SIFT-PTV method (a) Velocity vector
component diagram(m/s) (b) Mean velocity vector(m/s)

Figure 10 shows a feature point matching results
map for two images, the red connection line rep-
resents correctly matched feature point pairs. Figure
9 extracts image feature points comparison, the true
feature points match up to almost half, the amount of
data with relative to the individual centroid position
information, the more feature points. The position
information of the correct match feature points, as
shown in Table 2. Figure 11 shows a correct matching
feature points calculated velocity vector, Figure 11(a)
shows all the feature points of correct matching cor-

responding to the velocity vector, Figure 11(b) shows
the velocity vector after the average estimate, and the
units are m/s.

Processing the data in the table 2 and the size of
average velocity can be obtained with 5.24 pixel/s,
then the size of an average velocity can be obtained
about 0.17 m/s by using ratio scale to unit conversion,
measurement error is 0.03 m/s, compared with 0.20
m/s of the actual fluid velocity, i.e., the measurement
accuracy is 85%.

Table 2. The correct matching feature points positions by using SIFT-PTV method

the coordinate positions of correctly matching feature points

the first frame image
feature points

(65.89,47.26)

(40.41,57.08)

(75.66,22.82)

(26.59,33.83)

(66.62,82.37)

(49.82,69.23)

(52.14,63.40)

(43.10,47.64)

(48.02,28.56)

(59.80,67.06)

(40.22,41.41)

(70.74,14.76)

(60.03,84.03)

(45.60,39.41)

(78.40,15.32)

(70.82,15.34)

(80.33,11.57)

(94.53,83.10)

(47.70,65.54)

(49.45.38.51)

(94.70,14.70)

(69.77,62.81)

the second frame
image feature points

(65.28,46.99)

(39.25,55.22)

(75.31,23.04)

(25.21,33.21)

(65.89,81.94)

(49.03,69.27) | (51.98,63.50) | (42.42,47.43) | (46.7430.37) | (59.28,67.00)
(39.0541.11) | (70.02,14.67) | (59.47,83.95) | (45.16,37.94) | (77.56,15.33)
(70.02,14.67) | (7921,11.50) | (94.74,83.01) | (47.77,6545) | (48.6538.28)
(94.11,14.63) | (69.25,62.73)

The above two cases experimental results show
that in this paper the proposed PTV algorithm based
on SIFT feature point matching achieve an average
velocity measurement of oil-water two-phase flow at
low concentrations of oil droplets, and measurement
accuracy can be up long enough 95% in matching
feature points enough, and it has a strong applicabili-
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ty that oil droplets larger diameter, overlapping drop-
lets, droplet size and brightness distribution uneven-
ness etc.

5. Conclusions

The innovation in this paper is that based on SIFT
feature points on the scale, light, rotation, occlusion
invariance, the SIFT feature point matching is applied
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to the low concentration of velocity measurements in
oil-water two phase flow field. Using this method in
uneven illumination and particle diameter oversize of
the flow field or the presence of particles occlusion
cases, the measured fluid image is extracted SIFT fea-
ture points and processed matching, it can obtained
more accurate flow velocity of oil-water two-phase
flow, and thus provide an accurate basis for the ex-
ploitation of crude oil and gas fields.

Therefore, the introduction of SIFT feature points
matching on the uneven illumination, and particles
diameter oversize or the presence of particles occlu-
sion particle of fluid velocity measurement have a
good application prospect.
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