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Abstract To control the steady-state operation of Toka-

mak plasma, it is crucial to accurately obtain its shape and

position. This paper presents a method for use in rapidly

detecting plasma configuration during discharge of the

Experimental Advanced Superconducting Tokamak

device. First, a visible/infrared integrated endoscopy

diagnostic system with a large field of view is introduced,

and the PCO.edge5.5 camera in this system is used to

acquire a plasma discharge image. Based on the analysis of

various traditional edge detection algorithms, an improved

wavelet edge detection algorithm is then introduced to

identify the edge of the plasma. In this method, the local

maximum of the modulus of wavelet transform is searched

along four gradient directions, and the adaptive threshold is

adopted. Finally, the detected boundary is fitted using the

least square iterative method to accurately obtain the

position of the plasma. Experimental results obtained using

the EAST device show that the method presented in this

paper can realize expected goals and produce ideal effects;

this method thus has significant potential for application in

further feedback control of plasma.

Keywords Experimental Advanced Superconducting

Tokamak (EAST) � Plasma � CCD camera � Edge detection

1 Introduction

To study magnetic confinement-controlled nuclear

fusion in Tokamak devices, it is essential to determine

whether the plasma can operate in a steady state over a

long time period. The Experimental Advanced Supercon-

ducting Tokamak (EAST) was developed by the Institute

of Plasma Physics of the Chinese Academy of Sciences,

and successful experimental results have been provided

since it was completed in 2006 [1, 2]. However, to main-

tain the long-term steady-state operation of the plasma, its

position during discharge must be accurately located, and it

is thus crucial to detect the edges of the plasma in the

discharge image. The Equilibrium Fitting (EFIT) Algo-

rithm has been used for decades to obtain the plasma

position with all major Tokamaks [3], and it is mainly used

in magnetic and kinetic analyses of plasma in Tokamak

devices. Based on magnetic field calculation results, the

configuration of the plasma can be reconstructed using this

method. In addition, the position of the plasma can be

observed and various parameters can be adjusted in real

time to maintain the long-term steady-state operation of the

plasma. However, the plasma induces eddy currents during

the start-up phase, which considerably disturb the electro-

magnetic measurements. This makes use of the EFIT

equilibrium equation invalid and the associated method

unsuitable for detecting plasma boundaries throughout the

entire process. However, a visible camera is free from

electromagnetic interference; therefore, this study employs
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a visible camera to firstly acquire a plasma discharge image

and then reconstruct the plasma boundary.

In this study, a set consisting of a visible/infrared

imaging system is designed to visualize the plasma dis-

charge in the EAST device. Based on the pin-hole imaging

principle and light-splitting technology, the optical system

achieves high visible resolution and infrared imaging of the

plasma discharge with the same aperture and in a large field

of view. After obtaining the plasma discharge image, the

plasma edge is then detected using image processing

algorithms. Many operators are currently used in image

edge detection, for example, the Roberts, Sobel, Prewitt,

Laplacian, LOG, and Canny operators [4–6]. However,

although these are proficient in detecting the boundaries of

an image, each algorithm has certain limitations. For

example, although the Roberts operator has a high posi-

tioning accuracy, it does not include a smoothing operation

and is also sensitive to noise. The Sobel and Prewitt

operators are also not ideal for images that have mixed and

complex noise, whereas the Laplacian operator is more

sensitive to the noise of an image. The LOG operator

provides a better noise resistance performance, but it also

causes the loss of detailed image edge information. There

is thus a contradiction between the abilities of these oper-

ators to accurately locate the plasma edges and their lack of

ability to eliminate noise, and it is necessary to select an

appropriate noise level and edge location accuracy for use

with specific problems. In Ref. [7], the edge of the plasma

during the discharge process was identified using a Canny

operator based on the improved Otsu threshold method;

however, although the detection effect was very good, the

recognition accuracy could be further improved.

Due to its excellent time–frequency characteristics,

wavelet transform can be used to effectively analyze the

singularity of signals, and it and has thus been widely used

in the field of image edge detection [8, 9]. However, tra-

ditional wavelet edge detection algorithms have certain

defects when selecting the gradient direction and threshold

[10, 11], which creates false edges and noise when

detecting edges. Therefore, in response to the limitations of

the traditional wavelet edge detection algorithm, this paper

introduces a method to improve the traditional algorithm

by searching the local maximum of the moduli along four

gradient directions and adopting the adaptive threshold.

The improved method was used on images acquired by a

camera during plasma discharge, and experimental results

show that its edge detection accuracy is superior to the

traditional method. Therefore, use of this method for

acquiring images and detecting edges can be well applied

to plasma edge detection in EAST.

The remainder of this paper is organized as follows.

Section 2 presents the hardware and software design of the

visible/infrared integrated endoscope system. Section 3

introduces the traditional wavelet edge detection algorithm

in detail and lists limitations inherent in traditional algo-

rithms; and to improve these, the search for the local

maximum of the moduli along four gradient directions and

the adaptive threshold are introduced, and the detected

image edge is then fitted using the least square iterative

method. After image edges have been obtained, coordinate

transform is employed to acquire plasma boundaries.

Section 4 provides experimental results and an associated

discussion, and the conclusion is presented in Sect. 5.

2 Experimental setup

2.1 Introducing the EAST device

EAST is a fully superconducting experimental Tokamak

device with a non-circular cross section. It consists of an

ultra-high vacuum chamber, poloidal field coils, toroidal

field coils, internal and external cold screens, external

vacuum cryostat, and support systems. It is referred to as

‘‘fully superconducting’’ because all magnetic field coils

are used to constrain the plasma (including the toroidal

field coils, poloidal field coils, and central solenoid, which

are all superconducting magnets); and it has a ‘‘non-cir-

cular cross section’’ because the cross section of the tor-

oidal field coils and the plasma is in the shape of the letter

D. The main technical features of EAST are as follows. It

has a mainframe with a height of 11 m and diameter of

8 m, weights approximately 400 tons and has 16 large

‘‘D’’-shaped superconducting longitudinal magnetic mag-

nets. It can generate a longitudinal field strength up to

3.5 T, and the 12 polar field superconducting magnets can

provide a change in flux of DU C 10 V s. The main basic

parameters are as follows: large radius, R0, of approxi-

mately 1.88 m; small radius, a, of approximately 0.45 m;

longitudinal field, Bt, of approximately 1.5–3.0 T; and

plasma current, Ip, of approximately 1 MA.

2.2 Visible/infrared integrated endoscope system

To observe the position and shape of the plasma during

discharge, a tangential fast visible imaging system was

designed and installed on the EAST device. However, as

many diagnostic systems are now installed on the windows

of the EAST device, there is limited remaining window

space; and to maximize the use of this limited remaining

window space, a shared optical path was designed for the

visible/infrared imaging system. The visible/infrared

imaging system is installed in the G port, as shown in

Fig. 1. The design of this optical system is based on the

pin-hole imaging principle and light-splitting technology,

and the optical system can achieve high-resolution visible
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and infrared imaging of plasma discharge with the same

aperture and field of view of 46� 9 59� [12]. The system

mainly comprises the fore-end of an endoscope, collimator

lens group, beam splitting system, and visible/infrared

receiving terminal. Considering the complex electromag-

netic environment inside the device, and the possibility of

bombardment from high-energy particles, a perforated

plane mirror and a parabolic mirror are adopted in the

front-end of the diagnostics system, as shown in Fig. 2.

Here, the large field of view is achieved by pin-hole

imaging, and the Cassegrain system is replaced by the

beam splitting system to increase the amount of light

within the system.

2.3 Hardware and software design of imaging

system

The plasma rotates extremely quickly during the dis-

charge process, and a low-speed camera is unable to ade-

quately capture an image of its position. Therefore, a high-

speed PCO.edge5.5 CCD camera (PCO; Germany) is

employed to provide hardware support for high-speed

acquisition. Compared with the Phantom V710 camera

used previously [13], the PCO.edge5.5 camera is smaller,

has a higher resolution, and is easier to use. The transfer

rate of this image system via the Camera Link interface is

up to 5.4 Gb/s. In addition, the highest sampling rate of this

CCD camera reaches 100 fps at a resolution of

2560 9 2160 pixels, and the maximum sampling rate can

reach 1651 fps under resolution reduction conditions,

which is adequate for use in this experiment.

The image acquisition system primarily includes the

PCO.edge5.5 camera, an industrial control computer used

for image acquisition, a central timing control system, a

real-time image processing server, and a display server, as

shown in Fig. 3. In the plasma discharge experiment, the

central control machine is responsible for sending the shot

number and the acquisition time to the image acquisition

computer, and also for sending the trigger signal to the

camera to control the camera to begin image acquisition

using the hardware-triggering mode. The corresponding

software for the high-speed CCD imaging system, which

was developed in a VS2010 environment, has a simple

interface with a user-friendly display. The interface is used

to activate and deactivate the camera and to adjust relevant

parameters. Figure 4 shows an original image of plasma

discharge acquired by the PCO.edge5.5 camera in the G

window during the rising phase of the discharge; this is the

actual image prior to processing by the edge detection

system. As seen in Fig. 4, the boundaries of the plasma in

the original image are not very clear because it contains a

lot of high-frequency noise, and the traditional edge

detection algorithm is therefore unable to solve this

problem.

3 Plasma edge detection based on wavelet
transform

3.1 Traditional wavelet transform edge detection

algorithm

Most of the edges in the image are non-differentiable

and discontinuous; therefore, the traditional edge detection

algorithm based on wavelet transform proceeds as follows.

First, a smoothing function is used to smooth the image.

The first- or second-order derivative of the smoothed result

is then obtained; this result is taken as the wavelet-basis

packet function, and maximum points or zero points are

then identified as image edges. The traditional edge

detection algorithm based on wavelet transform usually

only calculates the absolute value of the modulus of

wavelet transform for each row and each column in hori-

zontal and vertical directions. For each point, the point is

Fig. 1 Location of visible/infrared imaging system

Fig. 2 (Color online) Optical path for visible/infrared camera
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taken as the edge point if the maximum of the modulus is

obtained at least once in the row and column; otherwise, it

is regarded as a non-edge point and the gray value of this

point is set to zero. All edge points constitute the edge of

the image. However, edges obtained in this way will

inevitably contain a large number of false edges with

respect to noise. Therefore, after the initial edge is

obtained, some of the pseudo-edge points are removed by

setting a threshold: Edge points below the threshold are

removed, and points above the threshold are reserved.

The detailed calculation process of the algorithm is as

follows.

If we suppose that f(x, y) is the image, the result of f(x, y)

after smoothing would be h(x, y) = a(x, y)*f(x, y), where

a(x, y) is the 3 9 3 smoothing filter, as shown in Eq. (1),

a ¼ 1

5

0 1 0

1 1 1

0 1 0

2
4

3
5: ð1Þ

uxðx; yÞ;uyðx; yÞ are the directional derivatives of hðx; yÞ in
the x and y directions, respectively, and are represented as

uxðx; yÞ ¼
ohðx; yÞ

ox
; ð2Þ

uyðx; yÞ ¼
ohðx; yÞ

oy
: ð3Þ

If ux(x, y) and uy(x, y) are chosen as the wavelet-basis

packet function, the wavelet transform can be expressed as

follows,

xxðx; yÞ
xyðx; yÞ

� �
¼ f ðx; yÞ � uxðx; yÞ

f ðx; yÞ � uyðx; yÞ

� �
: ð4Þ

The corresponding modulus and phase angle of the wavelet

transforms are

Mðx; yÞ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
xxðx; yÞj j2þ xyðx; yÞ

�� ��2
q

; ð5Þ

Aðx; yÞ ¼ arctan
xyðx; yÞ
xxðx; yÞ

; ð6Þ

where |xx(x, y)| and |xy(x, y)| are the moduli at point (x,

y) along horizontal and vertical directions, respectively.

When Eq. (7) or Eq. (8) is true, the image f(x, y) is set to

1, and otherwise it is set to 0. Finally, the points (x, y)[{(x,
y)|f(x, y) = 1} are identified as the edge of the image as

xxðx; yÞj j ¼ maxf xxði; jÞj jg
Mðx; yÞ[ t

(
; ð7Þ

Fig. 3 Hardware structure of

image acquisition system used

in EAST

Fig. 4 (Color online) Original image of plasma discharge
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xyðx; yÞ
�� �� ¼ maxf xyði; jÞ

�� ��g
Mðx; yÞ[ t

(
; ð8Þ

where |xx(i, j)| and |xy(i, j)| are the moduli at point (i,

j) along horizontal and vertical directions, respectively; t is

the global threshold, and the ranges of i and j are i[(x - 1,

x ? 1), j[(y - 1, y ? 1), respectively.

3.2 Improved wavelet transform edge detection

algorithm

The traditional wavelet transform edge detection algo-

rithm has two main limitations. First, the moduli along

horizontal or vertical directions are used to obtain the local

maxima, which means that it is not possible to obtain the

local maxima for the resultant moduli in both directions;

therefore, the local maxima obtained by the traditional

method are inaccurate. In addition, when the local maxi-

mum of the modulus of wavelet transform is solved using

the traditional method, false edge information is often

included in the obtained edge, and the effective edge is

often missing. Second, the pre-set threshold in the tradi-

tional method is a fixed value. If the threshold is too small,

there will be too much noise detected in the image, and if

the threshold setting is too large, detailed information

about the image edge will be lost. Therefore, this paper

presents an improved method that ameliorates these two

issues.

3.2.1 Determination of local maxima moduli in multiple

directions

In this paper, the local maxima of the moduli of wavelet

transform are directly searched in the modulus image, M,

along the direction, A, of each phase angle [14]. According

to the characteristics of eight adjacent points around each

pixel in the image, the neighborhood of the pixel can be

divided into eight sectors based on the phase angle, as

shown in Fig. 5.

The eight sectors comprise regions sandwiched by

- 22.5�, 22.5�, 67.5�, 112.5�, 157.5�, - 157.5�, - 112.5�,
- 67.5�, - 22.5�, and 22.5�, and these are labeled 0, 1, 2,

3, 4, 5, 6, and 7. Each sector represents the gradient

direction of the area, and due to the symmetry of the gra-

dient direction, only four directions of 0, 1, 2, 3 (or 4, 5, 6,

7) need to be considered in calculations. If the modulus

M(x, y) of the image at a certain point (x, y) is greater than

that of the two adjacent points along the A(x, y) direction,

then the point will be considered as the local maximum

modulus of the image. Since the local maximum of the

modulus is selected in the same way along the four gradient

directions, we only use the selection of the local maximum

of the modulus at point (x, y) along the gradient direction 1

to illustrate the problem, as shown in Eq. (9),

Mðx� 1; y� 1Þ�Mðx; yÞ
Mðx; yÞ�Mðxþ 1; yþ 1Þ

(
: ð9Þ

If Eq. (9) works, then M(x, y) is taken as the local maxi-

mum at point (x, y). In the same way, all local maxima

along the four gradient directions are preserved, and these

form the initial edge points of the image.

3.2.2 Adaptive threshold setting

The traditional wavelet transform edge detection algo-

rithm uses a fixed threshold to test the entire image, which

thus removes high-frequency noise. Certain weak edge

information about the image is also removed; however,

some pseudo-edge information is retained [15–18].

Therefore, this paper uses an adaptive threshold to make

improvements, and the associated equation is as shown in

Eq. (10) [14],

T ¼ T0 þ a0 �
X

i;j
ki;j; ð10Þ

where T is the adaptive threshold, T0 is the initial threshold,

a0 is a scaling factor, and ki, j is the corresponding wavelet

coefficient for the current window. The size of the window

of is 3 9 3, and T0 and a0 can be chosen according to the

actual situation. When converting a grayscale image into a

binary image during preprocessing, the parameters (T0, a0)

are changed depending on whether or not the image edge is

completely preserved.

The detailed algorithm flow is as follows. First, wavelet

transform is conducted on the original image f(x, y), and the

corresponding modulus value M(x, y) and phase angle A(x,

y) are computed. The modulus image M(x, y) is then

searched for to obtain the local maxima of wavelet coef-

ficients along the direction A(x, y). The maximum value

points are subsequently retained to obtain the possible edgeFig. 5 Schematic diagram of gradient direction intervals
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image c(x, y). Second, the possible edge image c(x, y) is
scanned using a 3 9 3 window, and based on the adaptive

threshold calculation equation, the threshold T is obtained

from wavelet transform coefficients. Finally, the points at

which the local maxima of the moduli are greater than T in

the image f(x, y) are taken as the edge outputs.

Figure 6 shows a summary of the algorithm flowchart.

The detailed algorithm process includes the following

steps: (1) Enter the original image; (2) obtain a grayscale

image of the original image, perform noise reduction and

other preprocessing, and then perform wavelet transform

on the image to obtain the modulus M(x, y) and the phase

angle A(x, y); (3) find the local maximum points along the

four gradient directions and retain the maximum modulus

points to obtain the initial edge; and (4) use the obtained

adaptive threshold, T, to make further accurate positioning

of the initial edge of the image and to output the final edge.

3.3 Edge fitting

The edges of the images obtained by the above method

are usually discontinuous and unsmooth; as this result is

not conducive to data analysis, it is necessary to fit the

actual detected curve to obtain one that is more accurate. In

this respect, the image of plasma discharge can be captured

by the high-speed camera used in the current experiment,

and edge detection and curve fitting for images of plasma

discharge throughout the whole process can thus be

achieved. According to the principle of plasma discharge

and a large amount of experimental data, the edge of the

plasma during the start-up phase of discharge is approxi-

mately circular, and the edge of the plasma during the latter

stage of discharge is an elliptical curve. Therefore, this

paper uses the least square iterative method to fit the cir-

cular and elliptical curve edges.

3.3.1 Circle fitting

The point (xi, yi) on the edge of the plasma satisfies the

equation of a circle with a center of (a, b) and a radius of r,

ðxi � aÞ2 þ ðyi � bÞ2 ¼ r2; ð11Þ

and the distance between all points (xi, yi) on the circle and

the center (a, b) of the circle can be expressed as

di ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðxi � aÞ2 þ ðyi � bÞ2

q
: ð12Þ

The least square method principle necessitates that the di
in Eq. (12) meets the requirements of Eq. (13),

D ¼ min
X

ðdi � rÞ2; ð13Þ

and if the partial derivatives of D are computed for each

variable a, b, and r, and their values are set to 0, the other

variables a, b, and r can be obtained as shown in Eq. (14),

oD

oa
¼ oD

ob
¼ oD

or
¼ 0: ð14Þ

After determining the three equations obtained in

Eq. (14), and using the Gauss–Seidel (Gauss–Seidel) iter-

ation premise [19, 20], we can obtain the following itera-

tion equations that depend on the variables a, b, and r as

where the initial values (a0, b0, r0) in the iteration are set

(
P

(xi/n),
P

(yi/n),0). The termination criterion for this

method is

k1 ¼
K

ðnÞ
1 � K

ðn�1Þ
1

K
ðnÞ
1

�����

�����\1� 10�8; ð16Þ

where K1 represents a, b, and r. The iteration is stopped

until all three values are satisfied in Eq. (16).

3.3.2 Elliptical curve fitting

The general expression for a quadratic equation is ax2-

? by2 ? cxy ? dx ? ey ? 1 = 0, where the constant

term is normalized to one. Combined with the detected

coordinates of the edge, the coefficients of the curve

equation can be obtained according to Eqs. (17) and (18)

based on the least square method,

aðnÞ ¼
X

xi � rðn�1Þ �
X

ðxi � aðn�1ÞÞ ðxi � aðn�1ÞÞ2 þ ðyi � bðn�1ÞÞ2
h i�1=2

� ��
n

bðnÞ ¼
X

yi � rðn�1Þ �
X

ðyi � bðn�1ÞÞ ðxi � aðn�1ÞÞ2 þ ðyi � bðn�1ÞÞ2
h i�1=2

� ��
n

rðnÞ ¼
X

ðxi � aðn�1ÞÞ2 þ ðyi � bðn�1ÞÞ2
h i�1=2

�
n

8>>>>>>><
>>>>>>>:

; ð15Þ
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Fða; b; c; d; eÞ ¼
Xn
i¼1

ðax2i þ by2i þ cxiyi þ dxi þ eyi þ 1Þ2;

ð17Þ
oF

oa
¼ oF

ob
¼ oF

oc
¼ oF

od
¼ oF

oe
¼ 0: ð18Þ

By combining the above equations, we can obtain a

system of linear equations, as shown in Eqs. (19) and (20),

and by solving these we can obtain the unknown parame-

ters a, b, c, d, and e in the curve equation according to

Eq. (21),

A ¼
x21 y21 x1y1 x1 y1
x22 y22 x2y2 x2 y2
� � � � � � � � � � � � � � �
x2n y2n xnyn xn yn

2
664

3
775; ð19Þ

X ¼ a b c d e½ �T;
B ¼ �1 �1 �1 �1 �1½ �T; ð20Þ

X ¼ ðATAÞ�1
ATB: ð21Þ

3.4 Method for reconstructing plasma boundary

Assuming that plasma is toroidally symmetric during the

plasma discharge progress, we used the OFIT method

mentioned in Refs. [21, 22] to reconstruct the plasma

boundary from the images acquired by the high-speed

camera. The main problem in the reconstruction is the

transformation between the Cartesian coordinate system (u,

v, w) and the Tokamak coordinate systems (R, Z, h); more

information about this is shown in Fig. 7. The coordinate

axes, v and Z that have identical origins in both coordinate

systems, are overlapped. The projection plane of the

camera is chosen as the vertical (u, v, 0) plane; and after the

camera location is obtained (uc, vc, wc) and the projection

properties of the optics from the camera are calibrated, the

trajectories of all lines of sight are determined and each can

be projected onto the projection plane [21, 22]. Using the

method shown in Refs. [21, 22], the optical plasma

boundary can be reconstructed from camera images.

4 Experimental results and analysis

To illustrate the improvement in edge detection using

the improved method, edge detection methods are com-

pared between the Canny operator [7], traditional wavelet

transform edge detection algorithm, and the improved

algorithm.

Figure 8a shows the original plasma discharge image,

Fig. 8b shows the result when using the improved Canny

algorithm based on the Otsu threshold, Fig. 8c shows the

detection result obtained using the traditional wavelet

transform edge detection algorithm, and Fig. 8d shows the

result using the improved algorithm. It is evident from

these results that the improved algorithm effectively

detects more of the undetected edge than the other two

methods and ensures that the segmented edge is

continuous.

Figure 9a shows the original plasma discharge image for

Shot #72477 obtained during the start-up phase at 0.06 s;

Fig. 9b is the result using the improved algorithm; the

purple curve in Fig. 9c is the circle fitting results using the

detected edge algorithm; Fig. 10a is the original image of

plasma discharge for Shot #72477 at a stable stage of

1.70 s; Fig. 10b is the result using the improved algorithm;

the purple curve in Fig. 10c is the elliptical curve fitting

Fig. 7 (Color online) Relationship between Cartesian coordinate

system and Tokamak coordinate system

Fig. 6 Algorithm flowchart of edge detection
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results using the detected edge algorithm; and a compar-

ison between the reconstruction results using the detected

edge algorithm and the EFIT inversion method is shown in

Fig. 10d.

Reconstruction of the plasma boundary for Shot #72469

plasma at a stable stage of 4.49 s and for Shot #72774

plasma at a stable stage of 7.00 s was also conducted using

the new method, and a corresponding comparison between

reconstruction results using the new method and the EFIT

inversion method is shown in Figs. 11 and 12, respectively.

Based on the above results, it can be seen that the

improved algorithm has a good performance in edge

detection of plasma during different discharge stages,

which fully confirms the reliability of the algorithm. The

average processing times for the above four images were

5.696 ms, 5.370 ms, 4.963 ms, and 5.128 ms using the

Fig. 8 (Color online)

Comparison of edge detection

results obtained using different

algorithms

Fig. 9 (Color online) Edge

detection results for Shot

#72477 plasma at 0.06 s

Fig. 10 (Color online) Edge detection results for Shot #72477 plasma at 1.70 s
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Windows 7 system, and the processing computer was

powered by an Intel (R) Core (TM) i5-4460 CPU @

3.20 GHz with 8.00 G of memory. However, the process-

ing speed of the algorithm can be further improved if a

more powerful computer is used.

5 Conclusion

In this paper, images of plasma in the EAST device are

acquired using an image acquisition system that mainly

consists of an endoscopy system and a high-speed CCD

camera. Based on the hardware flat of visible/infrared

image acquisition system, an improved wavelet transform

edge detection algorithm is introduced to realize accurate

identification of the edge of the discharge image. In addi-

tion, curve fitting based on the least square iterative method

is used to conduct edge fitting to accurately obtain the

actual position of the plasma. Plasma edge detection under

different discharge stages is performed using this improved

method, and the experimental results from the EAST

device show that this method meets the expected goals and

produces perfect effect, which is of considerable signifi-

cance for enabling further feedback control of plasma.
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