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The Flocs Target Detection Algorithm Based on the Three
Frame Difference and Enhanced Method of the Otsu

Xin Xie, Huiping Li, and Fengping Hu

Abstract—At present, the commonly used floc tracking
algorithms are susceptible to noise, light, and floc movement
speed, etc., it is difficult to extract complete moving flocs,
therefore put forward a flocs target detection algorithm based
on the three frame difference and particle swarm optimization
& enhanced method of the Otsu. The algorithm firstly conducts
difference of three consecutive frames, then use particle swarm
optimization & enhanced method of the Otsu to obtain the best
threshold, the optimal threshold is adopted to the image
binarization and then do image post-processing, eventually
obtaining a clear floc target, to lay a foundation for subsequent
automation analysis of floc. Experiments show that the
algorithm has the characteristics of fast, accurate, and can
extract flocs target effectively.

Index Terms—Three frame difference, particle swarm
optimization & enhanced method of the Otsu, optimal
threshold, flocs target detection.

I. INTRODUCTION

As people living standard unceasing enhancement, the
people’s requirements to the drinking water quality also
more and more strict, conventional water treatment process
generally consists of coagulation, sedimentation, filtration,
disinfection and so on several stages at home and abroad .

Condensation is the phenomenon occurring during the tap
water processin, so the number, size and settling velocity of
flocs are important parameters to determine the coagulation
effect. Moving target detection is an important step in
quantitative analysis of flocs image, also affect the flocs
analysis automation, work stability and accuracy of results.
due to the problems exist in the process of imaging, like
non-uniform illumination, slow movement speed, changes
of floc distribution , etc., the image obtained by industrial
camera appear some phenomenon like the flocs of color
shades, poor uniformity, at the same time, there is noise and
there are surface different reflective of floc, So to achieve
the detection of flocs and background accurately, is hard,
but is the basis of further analyzing the characteristic of
flocs [1].

There are many methods used for the detection of flocs
targets, like the background difference method [2], frame
difference method [3] and optical flow method.

Frame difference method is 2 or 3 adjacent frames in the
video sequence, using per-pixel difference and threshold to
extract the target in the image, it can rapidly detect the
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changed part of the video image. Frame difference method
is simple, better adaptability to the environment and have
high stability, Three frame difference method is the
improvement of second frame difference, but as floc target
movement speed is slow, due to the threshold selection is
inappropriate, such as bimodal method, can lead to a
uncomplete extraction of floc target information, even for
some slow speed flocs will occur leak phenomenon,
therefore, aimed at the current problems of frame
differential method, and threshold selection method, this
paper proposes a flocs target detection algorithm based on
the three frame difference and particle swarm optimization
& enhanced method of the Otsu.

II. BASIC PRINCIPLE OF IMAGE PROCESSING

A. Two Frames Difference Method

Two frames difference method is the most simple and
most direct method in motion target detection, through the
difference between two frames can quickly detect the
moving targets. To get image sequence of a certain period of

time in the continuous image sequence, set f, (X, y) as the
current frame of t time, set f,,,(X,Yy) as a frame after the t
time, set M, (X,y) as moving target, as pixel in the

background, N,(X,Y) as noise.the two frame difference

method as follows [4] :

1) Assuming that the outside light conditions did not
change or changed a little, the representation of adjacent
image sequence is as follows:

f.(X, ¥) =M (X, ¥)+ B (X, y) +n,(X,y) (1)
le(X, y) = MM(X-I- X, y+ y) + BM(X, y) + nt+1(Xl y) 2)

2) Get two adjacent frame difference
subtracting the two formula:

image from

Qdiff (X: y) = le(X, y) - ft(X1 y):Mt+1(X+ X,y+ )_/) -

3)
Mt (X’ y) + Bt+1(xv y) - Bt (X’ y) + nt+1(X’ y) - nt (Xr y)
3) Binarization
| Lif (Qgigr (x,¥)=T)
R(X,y)= {O,if (Qqir (%,Y)<T) 4)

M,,,(X+X,y+¥)—M,(X,y) is the change of image
caused by the moving object, B, (X, y)—B, (X, y)is the
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background difference between adjacent
frames, n,,; (X, y)—n,(X,y) is the noise between adjacent

frames, T for the threshold.
Using (3) to calculate the image difference between the t
frame and t+1 frame, calculation results is difference image

Quir (X, y) , according to binarization algorithm to select

appropriate threshold, and use it to do the difference image
binarization, so as to obtain relevant information of moving
targets, then according to actual circumstances, using image
processing technology to process subsequent process.

B. Three Frame Difference Method

Because of the area isolated by two frames difference
method tend to be larger than the actual, often will appear
the phenomenon of "double", and three frame difference
method has greater improvement on the basis of this,

Calculate f, , (X, y) with f (X, Y) to get difference image
D, fu(xy) with f(x,y) to get the difference image

D,,, ., then, let D, and D, do “&” operation to get
difference image Q. (x,y) , finally choosing optimal

threshold,For three frame difference method, selecting
reasonable threshold plays an important role for object
extraction, difference image thresholding is achieved
according to (4) to get binary results [4].The basic flow of
three frame difference method is shown in Fig. 1:

The t-1th

frame fui(x,y) — ¥ D:
A4 7o
; Difference = —————— 2

Theth | A Sl Optimal Bmar_\
frame fi(x.y) v Q‘."; V) threthold image
Ther | f )
" ““ : » Drt
frame fii(xy)

Fig. 1. Principle of three frame differencing.
C. The Otsu

According to the different ways to choose threshold
value, basically have bimodal method, iterative method, the
between-cluster variance method (the Otsu). Although the
bimodal method is simple, but it has poor adaptability; the
computation of iterative method is huge, is not suitable for
real-time system; the Otsu method works best relatively.
The Otsu method firstly, let the image pixel be divided into
two kinds through threshold T, then calculate infra -class
and inter-class variance between two classes of pixel gray
value, for the maximum ratio between the two, to determine
the threshold T [4]-[6].

But in simulation experiment, we found that, when deal
with the situation that there is not much gray level
difference between the background and prospect target ,
using the Otsu will appear a lot of black areas, seriously
even will lose the target. Some scholars put forward into a
gray stretch to enhance the Otsu method, namely using
nonlinear transform to do Grey-scale extension of image,
and then determine the threshold value, but it also increases
the operation time.

D. The Particle Swarm Optimization Algorithm (PSO)

Particle swarm optimization algorithm (PSO) is a kind of
optimization algorithm that imitate such behaviors in the
nature based on iterative. In PSO, the solution of
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optimization problem can be seen as a "particles”, each
particle has two basic attributes that are: a position x and
velocity v, the particle's position and speed as shown in (5)
and (6):

X = (Xil’

Xioy X

i21 731t Xin

®)

V, = (Vip, Vips Vigs i V,

i2? Vi3 Yin

) (6)

In the formula, n is problem’s dimension, PSO is
initialized to a group of random particles, the process of
algorithm is to calculate each particle’s fitness function, and
then particles update themselves by tracking two extremum:

one is the current optimal position, known as " P, ", the
other one is the optimal location of current particle within
the neighborhood, known as" N, ",when finding the two
optimal, particle update themselves according to (7) and (8)

V=WV+ Clrl( Poest — X) +C,fh, (nbest - X) )

®

In the formula, W is inertia weight, C,, C,are the study

X = X+ VAt

factor, I, I, are two separate random number that satisfy

uniform distribution, scope between (0, 1). At is Time
intervals.

I1l. IMPROVED ALGORITHM

A. Particle Swarm Optimization & Enhanced Method of
the Otsu

Enhance method of the Otsu improves the effect of the
Otsu method due to the introduction of gray stretch, but also
increase the operation time, when applied to real-time
operation, the threshold value can’t be chosen timely,As for
the demand of time, this article improves the Enhance
method of the Otsu, which uses the particle swarm
optimization to optimize Enhance method of the Otsu, First
of all give a random solution to the particle's position and
speed, because the range of a gray image is between 0-255,
S0 we give a position to the particle in the range, all the
random value generated by the rand () function. Then
calculate the value of fitness function and comparison, then
do the iterative calculation, finally obtaining the optimal
solution, which is the best threshold.

During the calculation process, selection of Weight w

and C,;, C, parameters is very important, and the choice of

weight affect the searching ability of the algorithm. Usually,
we hope it have stronger global search ability in the first
time, later, focus on the enhancement of local search ability;
Generally, in the process of search values of W change
from 0.9 to 0.4 in a linear gradient way, in order to make the
particles find the optimal value more efficient , generally

take C,=C,=2.

B. Three Frame Difference and Particle Swarm
Optimization & Enhanced Method

Comparison with two frame difference method, the three
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frame difference method is used to solve the problem of
sensitivity to the target movement speed in a certain extent,
but for slowly moving target, if choose an inappropriate
threshold value will cause the bad effect ; If the threshold is
too large, will cause the missing of target; if the threshold
value is too small, will make too much noise, So according
to the features of three frame difference and the motion
characteristics of flocs, propose a flocs target detection
algorithm based on the three frame difference and particle
swarm optimization & enhanced method of the Otsu,
namely three frame difference method is used to detect floc
target, at the same time, in the process of the algorithm,
using the particle swarm optimization & enhanced method
of the Otsu to obtain the best threshold.
Detailed process of the algorithm is as follows:

1) Let the current frame |, and the previous frame I, ,and

the later frame |
respectively;

And, get I, I, I, do the difference respectively,

1«1 do the smoothly denoising

2)
and get the difference image D, , D, ;

3) The difference image do the “&” manipulations to get

the difference image D, ;

4) Using the improved the Otsu method that is particle
swarm optimization & enhanced method of the Otsu to
determine the optimal threshold value;

Difference image binarization is realized according to
formula (4) and the best threshold, and finally determine
the binary image ;

Using post-processing technology of image processing
to deal with the image in (5) step, such as: inflation, etc.,
so that make the incomplete boundary complete, and the
boundary of the complete image is obtained, thereby
achieve the goal that extract flocs target smoothly.

5)

6)
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Fig. 2. The flowchart of the improved algorithm.

IV. ANALYSIS OF EXPERIMENTAL RESULTS

Install sensors in the water at the end of the flocculation
pool, and make water flow through sampling window
slowly, then collect water (floc) images of sampling window
by industrial camera continuously, In the experiment, we set
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the sampling time interval according to the actual demand.
In this experiment the time interval Tsampe is 1s. (within 1 s
time, flocs in the observation form have very good
representative) ,particle number is around 100, can be used
as sample to process images. On the platform of PC, we can
achieve the processing of the image sequence through
VC++6.0 and OpenCV1.0 by the proposed method. Test
results as shown in figure 3.

Fig. 3 (@) - (c) is three images extracted for every 5
frames (in order to observe, extract the same area of the
three images randomly;

Fig. 3 (d) - (f) is the result of the two frames difference
method; Fig. 3 (g) - (1) is the result for the three frame
method combined with the iteration method; Figure 3 (j) -
(1) is the result for the three frame method combined with of
the Otsu method; Fig. 3 (m) - (0) is the results of the
improved algorithm proposed in this paper. We can see from
the result of the experiment: when using the two frame
difference algorithm for moving object ,the extraction is not
very complete, appeared the phenomenon of a lot of empty
area; Using iteration method with three frame difference
algorithm, when the difference of target and background
region area is larger, the images detection effect is poorer,
and lost a lot of information of the image at the time of the
flocs image detection, some small flocs which gray close to
background cannot be detected; the Otsu method with three
frame difference algorithm, when the difference between
target background and prospect in gray level is not big, it
will appear a black area, seriously even will lose the target.
From the experimental results in this paper, we can see that
the improved algorithm can extract the edges of the moving
flocs more accurately, the extraction of flocs target is more
complete, especially for larger area of target, the extraction
effect is good, solved some problems that exist in the
traditional three frame difference algorithm to a certain
extent, like the edge detection is not complete, the
shortcomings of appear target "empty" phenomenon, can
achieve flocs extraction of the target area accurately and
timely.

Fig. 3. (a-c): Three images extracted for every 5 frames.

Fig. 3. (d-f): The result of the two frames difference method.
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Fig. 3. (g-1): The result for the three frame method combined with the
iteration method.
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Fig. 3. (j-1): The result for the three frame method combined with of the
Otsu method.
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Fig. 3. (m-0): The results of the improved algorithm proposed in this paper.
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V. CONCLUSION

An improved algorithm is proposed in this paper, that is a
flocs target detection algorithm based on the three frame
difference and particle swarm optimization & enhanced
method of the Otsu. The improved algorithm adopts the
three frame difference algorithm to extract the flocs target,
avoid the possible problems that using the two frame
difference algorithm extracts target such as incomplete
extraction, but at the same time in three frame difference
algorithm it exists the problems of the optimum threshold
selection, this paper uses particle swarm optimization &
enhanced method of the Otsu to select the best threshold,
effectively solved the problem of threshold selection is not
reasonable and low efficiency when adopting the method of
iteration, As a result, the proposed algorithm has the
advantages like fast, accurate, extract the flocs target
completely, better antinoise performance, the experimental
results show that the method has certain practical value, can
extract target floc effectively. But in the case of relatively
small flocs target, the effect is not obvious by using the
method to extract, it needs to be improved at next step.
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