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Retinex-based And Phase Stretch Transformation For Robot Power
Equipment Infrared Heat Map Enhancement And Segmentation
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In the maintenance of outdoor power equipment, the enhancement and segmentation of infrared heat map is
the key to the intelligent development of diagnosis and troubleshooting in the future. This paper presents a new
model for enhancement and segmentation of infrared heat map of power equipment in complex environment.
Retinex image enhancement model is improved by region joint prior information constraint and gamma
transform. In this paper, multi-scale structure reserved smoothing filter is proposed, and the filter size is
constrained by phase stretch transformation. The new model can not only estimate and compensate the hidden
noise, increase the contrast of the infrared heat map, but also eliminate the filtering edge dispersion phenomenon,
which is suitable for power equipment segmentation of various sizes. Experimental results show that compared
with other algorithms, the new model can obtain more complete and high contrast infrared heat map in complex
environment, and has the performance of removing most background interference.
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1. Introduction

During the process of troubleshooting electrical equip-
ment, conducting infrared diagnosis makes use of ther-
mal infrared image is an effective method [1, 2]. By de-
tecting target radiation, thermal infrared image obtains
D-temperature distribution, i.e., thermography. In the in-
frared fault detection of outdoor power facilities, infrared
images have the feature of low contrast and high back-
ground interference. Because of these features, it is neces-
sary for convenient fault diagnosis to improve the sharp-
ness and contrast of images, when detecting the fault of
equipment according to the infrared images, and further
isolating the target device [3, 4].

Processing based on spatial domain and transform do-
main are the primary existing methods of infrared heat map
enhancement. The processing methods of spatial domain
include histogram equalization and direct pixel transforma-
tion, etc., and the processing method of transform domain

is mainly Fourier transform. The merits of these methods
are simple and easy to operate, and the grand challenge is
poor applicability and some areas lacking detail enhance-
ment due to globality. Infrared image enhancement tech-
nique based on histogram bidirectional equalization and
NSCT transform enhance high frequency part and low fre-
quency part of the image differently, and has achieved a
good effect in enhancing the sharpness of the image.

In recent years, Retinex algorithm [5] has good result in
fog removal and image enhancement. However, Retinex
algorithm regarded the illumination intensity as global
uniformity, and obvious halo effect could be obtained in
the region with large brightness difference. In recent years,
single-scale Retinex and multi-scale Retinex algorithm [6]
have improved this defect by taking points from any path
in the image and adopting multiple iteration strategy to
fit the light intensity of each region smoothly in segments.
However, noise will increase in the process of enhancement,
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resulting in color distortion in local regions.
Thermal faults of devices in the power system can be de-

tected by determining whether the temperature of device
components is abnormal. Due to different power equip-
ment temperature has certain differences, there are a lot
of equipment in the infrared heat disturbance, a conve-
nient and effective method is to use gray-level threshold
segmentation, such as use Otsu threshold gray [7, 8] of
image segmentation, but for the temperature of different
size, different equipment, it may cause local segmentation
is incomplete.

In order to solve the problem of over-segmentation of
images, Zou and Huang [9] proposed an infrared image
segmentation algorithm based on fast-match algorithm,
using template matching to approximate affine the target
region, but this method can only identify a single object,
and it is difficult to Match multi-size targets in complex
scenes. Wang et al. [10] used k-means algorithm based on
weighted Chebyshev distance for segmentation, but could
only segment the part with lower gray level.

Based on the complicated operating environment, multi-
disturber and small grayscale difference characteristics of
power equipment under real environment. Our main con-
tributions are as follows. In this paper, an infrared heat
map enhancement and segmentation method suitable for
power equipment in complex environment is proposed.
Through changing local deviation to division of heat maps,
the Retinex enhanced model is improved by using the joint
prior information and gamma transform method to esti-
mate and compensate image noise and improve the con-
trast of infrared heat map.

Then, the multi-scale structure reserved smoothing fil-
ter is proposed, and the Gaussian regular term is used to
constrain the filter size, which can effectively eliminate the
edge dispersion phenomenon with different sizes of equip-
ment filter. The results verify that this method can maintain
good segmentation integrity for multi-size devices in com-
plex environment and remove most of the homogeneous
background interference.

This paper is organized as follows. Section 2 displays
the improved Retinex image enhancement model. Section
3 and section 4 detailed introduce the multi-scale structure
reserved smoothing filter and phase stretch transformation.
Experiments and analysis are shown in section 5 and the
paper is concluded in section 6.

2. Improved retinex image enhancement model

Retinex theorizes that color is perceived by the human eye
through the interaction of light and matter. Any image can
be decomposed into illuminance component I and reflec-

tion component R. Illuminance component mainly reflects
image illumination information, including color dynamic
range. The reflection component represents the details of
the image, including structural edge and texture informa-
tion.

In this paper, the improved Retinex model determines
the region type and performs the corresponding noise esti-
mation and compensation for the reflection components by
solving the local variation bias. The reflection component
and incident component are solved by iterative reweighting
method and gamma transform is performed on illuminance
component. The improved Retinex model not only can sup-
press image noise but also improve the dynamic range of
image gray.

2.1. Regional differentiation based on local variation bias

In the statistical standard deviation are commonly used
to quantify the intensity of the data distribution, and the
amount of local variation deviation [11, 12] can distinguish
the size of deviation difference between different data dis-
tributions. By solving the gradient similarity between ad-
jacent pixels of the image, the local variation bias can be
applied to the task of distinguishing characteristics of im-
age.

Defining the local variation deviation of x and y direc-
tions Rx/y as follows:

Rx/y =

∣∣∣∣∣ ∂x/ySΩ
1
Ω ∑Ω ∂x/ySΩ + ε

∣∣∣∣∣ (1)

Where ω is an image processing unit with r×r pixel size.
In order to improve accuracy, the size of ω area is set as
3×3 in this paper. ∂x/ySΩ is the x-direction and y-direction
derivative of image blocks Sω in the ω region. ε is a small
positive number to avoid a zero in the denominator. As-
sume that the total change of image gradient in ω region is
ξΩ to represent the intensity of pixel change in ω region:

ξΩ =
∣∣∂xSΩ + ∂ySΩ

∣∣ (2)

Suppose that the mean change of image gradient in
ω region is SΩ , as shown in the following formula, to
represent the mean change gradient in this region:

ςΩ =

∣∣∣∣∣ 1
Ω ∑

Ω

(
∂xSΩ + ∂ySΩ

)
+ ε

∣∣∣∣∣ (3)

Dx/y is the difference between the total change in gradi-
ent and the average change in gradient:

Dx/y = ξΩ − ςΩ =

∣∣∣∣∣∂x/ySΩ − 1
Ω ∑

Ω
∂x/ySΩ

∣∣∣∣∣ (4)
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As the pixel value of the edge part of the image hops
obviously, compared with the texture and smooth area, the
edge part has the characteristics of large gradient change
and more similar gradient direction. Using the variation
relationship between local change deviation and regional
gradient, we can carry out regional recognition of the image.
For the smooth region, the gradient in the region is basically
0, hence, Dx/y ≈ 0,Rx/y ≈ 0 . For the texture region, the
gradient inside the region changes little and is basically
constant, hence, Dx/y > 0,Rx/y ≈ 1 .

For the edge region, the pixel values within the region
vary significantly and the gradient values differ greatly,
hence, Dx/y > 0,Rx/y ≈ 1 . According to the above judg-
ments, by solving the x and y gradients of the infrared heat
map sub-unit of the arrester (Figure 1-a), and calculating
Rx/y and Dx/y , the edge part of the equipment structure
can be distinguished as shown in Fig. 1-b.

2.2. Retinex components estimation using joint prior

The real image in Retinex is formed by combining illumi-
nance and reflection components. Phenomenon can be
known from practical observation that: Objects of different
materials show different surface brightness even when they
get the same amount of light.

However, the intensity of light on the same object is
basically the same, so it can be approximated that the light
in the same area is unchanged. Taking advantage of this
feature, this paper proposes shape prior ES(S) based on
regional information, as the punishment of regional prior
information during Retinex component decomposition of
the image. It can be seen that shape prior is the sum of local
variation deviations in direction x and y direction:

ES(S) =
∥∥∥∥ ∂x · S
(1/Ω)∑Ω ∂xS + ε

∥∥∥∥
1
+

∥∥∥∥ ∂y · S
(1/Ω)∑Ω ∂yS + ε

∥∥∥∥
1

(5)
The Retinex reflection component contains rich texture

information of the object, based on the consistency of the
texture. The distribution of reflection components is con-
sidered to be piecewise continuous, and the gradient dis-
tribution of reflection components can be fitted by Laplace
distribution. In real images, due to the influence of noise,
and the regional noise distribution is not consistent in the
light source, low brightness and dark areas, the distribu-
tion prior of reflection component is used to constrain the
piecewise continuity as the estimation and compensation
of regional noise in this paper:

Et(R) = ∥∂x · R∥1 +
∥∥∂y · R

∥∥
1 (6)

According to the above formula, the prior information

of reflection components is the L1 norm superposition of
the gradient of reflection components in the X and Y direc-
tions, representing the continuous change of the gradient
of reflection components in each region.

The irradiance component of the image has great muta-
tion at the boundary point of the object and the light source.
If the irradiance component distribution is limited to the
piecewise smooth distribution, the estimation of the irra-
diance component of the white object and the illuminant
will produce serious distortion. Illumination component
prior can be estimated according to human visual effect, as
follows,

1 − S = (1 − R) · I + 1 · (1 − I) (7)

Where S is the original image, I is the image illumina-
tion component and R is the reflection components. The
optimization estimation process can be analogous to the
prior solution method of dark channel prior defogging op-
timization model [12] as follows,

H = J · T + α(1 − T) (8)

Where H is the fog image, T is the fog estimator and α is
the atmospheric transmittance. The defogging algorithm
uses dark channel prior to predict the transmittance T. In
this paper, the illuminance component I is solved by using
a similar method to approximate the maximum value of
RGB three channels in ω as much as possible, which is:

I = 1 − min
Ω

(
min

c∈{r,g,b}
(1 − S)c

)
= min

Ω

(
min

c∈{r,g,b}
Sc

)
(9)

Therefore, the prior E1(I) of the illuminance component
is defined as follows. The value of the illuminance compo-
nent in each region is constrained to approach the maxi-
mum number of channels to punish the brightness infor-
mation of the illuminance component.

E1(I) =

∥∥∥∥∥I − max
Ω

(
max

c∈{r,g,b}
Sc

)∥∥∥∥∥
2

2

(10)

According to shape prior, illuminance prior and reflec-
tion prior information, global optimization functions are
defined to estimate I and R, as shown in Eq. (10). α, β and
λ are the weight super-parameters corresponding to the
three priors. When the value is too large, the punishment
of prior information is excessive, leading to the filtering
of regions with low brightness and locally uneven parts.
When the value is too small, the re term is not penalized
enough.
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(a) Original image (b) Recognition of structure and edge

Fig. 1. Identifying edge areas using local variations

E(I, R) = ∥I · R − S∥2
2 + λE1(I) + αEs(S) + βEI(R) (11)

Based on the hyperparameter values in reference [11],
this paper selects appropriate hyperparameters α, β and λ ,
which are 0.01, 0.01 and 0.25, respectively, according to the
experimental experience. Iterative re-weighted least square
method [13] is adopted to modify the shape prior and re-
flection prior to L2 norm expression to solve the problem
that non-smooth function is difficult to optimize. The block
coordinate descent method [14] is used to solve the local
minimum of the non-convex global optimization formula,
and the estimated values of illumination component I and
reflection component R after K iterations were obtained:

Rk = arg min
I

(Ik · R − S)2 + β
(

wx · ∥∂xR∥2
2 + wy ·

∥∥∂yR
∥∥2

2

)
(12)

Where the size of nonlinear weights ux/y and wx/y as fol-
lows.

ux/y =

(∣∣∣∣∣ 1
Ω ∑

Ω
∂x/yS

∣∣∣∣∣ · |∂xS|+ ε

)−1

(13)

wx/y =
(

∂x/yR + ε
)−1

(14)

Fig. 2 show the original infrared heat map, the illumi-
nation component estimators and reflection component
estimators respectively solved by the algorithm in this pa-
per. It can be seen that the illuminance component presents
the brightness information of the image and represents
the gray difference between adjacent pixels, with high esti-
mation accuracy. The reflection component represents the
structural characteristics of the object, as well as the texture
details of the object.

2.3. Gamma transform

Infrared heat map has the characteristic of small dynamic
temperature range, resulting in a small gray difference be-
tween the target device and the background interference,
and difficult to capture details. When the contrast of in-
frared heat map is improved, on the one hand, the image
texture and illumination are estimated and compensated
by combining prior information to eliminate the influence
of noise [15, 16]. On the other hand, gamma transformation
is performed on the estimated illuminance component to
control the natural transition of gray stretching [17], the
formula is as follows.

I′ = I1/γ (15)

Where I is the irradiance component estimated by Retinex,
1/γ is the transformation coefficient. In this paper, the γ

value in the gamma transform is set as 2.2, so that the gray
gradient from black to white will look natural and uniform.

3. Multi-scale structure reserved smoothing filter

In complex environment, power equipment has the charac-
teristics of low gray contrast, different structure size, more
background interference, and multiple devices mixed. In
the segmentation, we propose a multi-scale structure re-
served smoothing filtering method based on the compar-
ison enhancement of the heat map by using Retinex im-
proved model in the previous chapter, which uses the pro-
portion adjustment of coarse and fine scale characteristic
deviation parameter σ .

It can not only filter the grayscale image of power equip-
ment, eliminate the grayscale anomaly in the equipment,
but also adjust the size of the filter in each area while pro-
tecting the edge of the structure from dispersion.

In Gaussian filter Gσ , the standard deviation σ deter-
mines the filtering radius [18]. Inspired by this, in order to
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(a) Infrared heat map (b) Illuminance estimator (c) Reflection estimator

Fig. 2. The results of component estimation with proposed method.

be applicable to devices of different scales and avoid the
filtering of some small structural edges, the algorithm in
this paper introduces a new Gaussian kernel standard de-
viation σ2 , and defines the local regular term of smoothing
filtering as:

R̃ =

∣∣∣∣Gσ1 · ∂S
Gσ2 · ∂S

∣∣∣∣ (16)

Where Gσ1 and Gσ2 are Gaussian convolution kernels used
for controlling different filter sizes, which are defined as
follows.b

Gσ1/2 (x, y) = exp
(
− 1

2σ1/2

(
(x − x0)

2 + (y − y0)
2
))

(17)
Standard deviation σ is the parameter that controls the

filter size, and limiting condition is σ1 < σ2 . (x0, y0) is the
center of the convolution kernel. Therefore, the solution
of |Gσ1 · ∂S| in the local regular term is the characteriza-
tion of fine scale features, which contains all the gradient
information in the image. Moreover, |Gσ2 · ∂S| represents
coarse scale features [19], which only contains gradient
information for strong edge or structural features.

The local regular term R̃ is transformed, and the non-
linear weight of R̃ in the x direction and y direction is
calculated as w′

x/y .

w′
x/y = Gσ1/2 ·

1∣∣∣(Gσ1 · ∂x/yS
) (

Gσ2 · ∂x/yS
)∣∣∣ (18)

By smoothing the texture edges of different sizes of
input image S and adding regular term constraints, the
image representation after k iterations can be obtained as
follows.

Sk = arg min
S

∥S− I∥2
2 +λ′

(
wx

∥∥∥∂xSk−1
∥∥∥2

2
+ wy

∥∥∥∂ySk−1
∥∥∥2

2

)
(19)

Where λ
′

is a hyperparameter of the weight of the regular
term. The first term of the optimization formula is used to

constrain the L2 norm [20] of input and export images, that
is minimum Euclidean distance, which makes the gener-
ated chart and export chart basically the same. By control-
ling the proportion of the two parameters σ1 and σ2 in the
Gaussian kernel, the filter size of the edge of small texture
and small structure can be controlled without deformation
of the strong edge, as shown in Fig. 3. The smaller σ1/σ2

denotes the larger filter radius of the image texture, and
the larger the grayscale smoothing range, which is suitable
for devices with obvious edges and large component sizes
such as reactors (as shown in Fig. 5 and Example 2). The
larger σ1/σ2 is, the smaller the filtering radius is, which
is suitable for equipment with small components such as
grounding switch (as shown in Fig. 3). At this point, if the
filtering radius is too large, edge dispersion will occur on
small components, as shown in Fig. 3(c).

After the multi-scale structure reserved filtering, the
gray difference between foreground and background of
the infrared heat map is obvious, and the gray anomaly
points in each region of the image can be eliminated. Otsu
algorithm is used to cut the gray threshold. The gray his-
togram is normalized and the mean value and variance are
calculated.

The maximum constraint of the variance between fore-
ground and background is used to determine the optimal
threshold of the image, and then the binary image is ob-
tained. Multiplied by the improved Retinex enhanced im-
age above, the gray-enhanced segmentation map of the
target device can be generated. Compared with the original
image, the segmentation image removes the background in-
terference, improves the gray scale range, and can directly
observe the temperature anomalies after the conversion to
color map, providing convenience for intelligent barrier
removal.

4. Phase stretch transformation (pst)

Phase stretching transform (PST) simulates the propagation
mode of electromagnetic wave in diffraction medium with
twisted dispersion, and distinguishes pixels with different
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a)Enhanced image (b) σ = 1, σ = 2 (c) σ = 1, σ = 3

Fig. 3. Influence of deviation parameters σ on filter size

characteristics in the image. The phase transform in the
frequency domain is helpful to detect the edge of the image
and the position where the gray value of the pixel changes
quickly. The edge information of the image contains higher
frequency features. PST obtains the edge information of
the image by emphasizing the higher frequency features,
so as to enhance the edge information of the image.

A[n, m] = ∠ < IFFT2

{
K̃[p, q]× FFT2{B[n, m]}

}
> (20)

Where m and n are two-dimensional time domain vari-
ables. B [n, m] is the input image; A[n, m] is the output im-
age. ∠ < · > is the Angle operator. FFT2{} and IFFT2{}
are Fourier transform and inverse Fourier transform re-
spectively. p and q are two-dimensional frequency domain
variables. K̃[p, q] is a nonlinear frequency correlation de-
scription, as shown in Eq. (21).

K̃[p, q] = ej×φ[p,q] (21)

5. Experiments and analysis

5.1. Enhancement results

In this paper, the improved gamma nonlinear transfor-
mation and single-scale Retinex algorithm are selected to
compare with the image enhancement model in this paper,
as shown in Fig. 4. The left half column is the grayscale dia-
gram of equipment temperature. The darker color denotes
the lower temperature. The right half of the column is the
corresponding color map, where the cool to warm color
transformation shows the temperature going from low to
high.

In the experiment, the three hyperparameters α, β and λ

of shape prior, reflection component prior and illumination
component prior were set as 0.01, 0.01 and 0.25, respectively.
Since the optimization formula is non-convex, the total
number of iterations is set as 50 in this paper. At this

point, the difference between the illuminance component
or reflection component and the last iteration is close to
0.001, which is considered to be close to convergence. At
this point, the local minimum value can be obtained.

It can be seen from Fig. 4(a) that the temperature dif-
ference between each area of the original infrared heat
map equipment component is low, and it is difficult to
directly observe the gray scale. Gamma nonlinear trans-
formation adopts grayscale stretching of the global pixel
value of the infrared heat map, resulting in a large amount
of pixel grayscale accumulation in the mode region, uneven
grayscale distribution, difficult to see temperature anoma-
lies intuitively, and poor enhancement effect, as shown in
Fig. 4(b).

As shown in Fig. 4(c), the single-scale Retinex image
enhancement algorithm can stretch similar gray values to
improve the contrast effect. However, the algorithm is
easy to introduce noise during image enhancement, such
as noise points in the background of color map in Fig. 4(c).

In practical application, it may lead to the change of gray
value on the equipment, resulting in the wrong estimation
of temperature anomaly. Compared with the previous two
algorithms, the gray scale transition of image processed
by the model proposed in this paper is natural and similar
gray value can be distinguished. At the same time, the
problem of amplification of noise points in optimization
process is avoided by constraining the terms of reflection
component prior information. From the perspective of
processing effect, figure 4(d) is obviously superior to the
experimental results of other algorithms.

5.2. Segmentation results

In order to verify the effectiveness of the segmentation
algorithm in this paper in the segmentation of infrared heat
maps of power equipment in complex environments and in
response to different sizes and observation environments,
we used the improved segmentation algorithm based on
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(a) Lightning arrester and its color map

(b) Result of gamma nonlinear transformation enhancement

(c) Enhancement results with proposed method

Fig. 4. Comparison of enhancement results

Otsu in reference [21] as a comparison.

The standard deviation of the grounding switch set in
the experiment is σ1 = 1, σ2 = 2 (example 1 and example
3) respectively. Setting σ1 = 1, σ2 = 4 in the reactor
experiment (Example 2). The hyperparameter λ

′
of the

weight of the regular term is set to 0.01, and the comparison
results are shown in Fig. 5.

Fig. 6 shows the enlarged partial segmentation details
of Fig. 5. From the comparison of detail edges [20, 21], it
can be seen that the algorithm in this paper has good edge
protection performance and can remove most background
interference.

Fig. 5(a) ∼ (c) are original illustrations of power equip-
ment taken in an outdoor environment, which are charac-
terized by small gray difference between equipment com-
ponents and diversified background interference. Fig. 5(a)
∼ (c) represent the state of three kinds of outdoor power

equipment with background interference from small to
large respectively.

Fig. 5(d) ∼ (f) is the result of image processing by using
the segmentation algorithm. In the environment with less
background interference, such as example 1 and 2, etc., the
segmentation effect is certain, but the edge is still missing
and the integrity of the equipment is damaged, as shown
in Fig. 6(b) and Fig. 6(f).

In example 3, where there are many background interfer-
ences, there are a large number of background interferences
whose grayscale is close to that of the target device, and
there are still many interferences that cannot be removed
after the algorithm is processed. Fig. 5(g)∼(i) is the pro-
cessing result of the algorithm in this paper on the infrared
heat map.

It can be seen that the segmentation effect is good in
complex environment, and a lot of background interference
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(a) Example 1 (b) Example 2 (c) Example 3

(d) Segmentation result of example 1 with [19]
(e) Segmentation result of example 2 with [19] (f) Segmentation result of example 3 with [19]

(g) Segmentation result of example 1 with proposed method (h) Segmentation result of example 2 with proposed method (i)
Segmentation result of example 3 with proposed method

Fig. 5. Comparisons of model segmentation

Table 1. Time comparison/s

Data
Reference Reference

Proposed[19] [22]
Example 1 2.9 1.7 0.6
Example 2 2.7 1.5 0.5
Example 3 2.1 1.8 0.7

is filtered out. In the environment with little background
interference, the algorithm is also significantly better than
other algorithms in processing the details of the back edge,
and the edge structure of the segmentation graph is rela-
tively complete, as shown in Fig. 6.

We also conduct the running time comparison as shown
in table 1. We can see that the proposed method needs little
time to segment one image.

6. Conclusions

Aiming at the characteristics of multi-interference, multi-
noise and unequal size of power equipment in complex en-
vironment, a new enhancement and segmentation method
is proposed in order to segment the heat map of equipment
with complete structure and high contrast. The method
compensates Retinex model with prior information on the
basis of local variation bias, and obtains the regional estima-
tors of illumination and noise. In the segmentation, multi-
scale structure reserved flat slip filter is used to achieve the
controllability of filter size, to ensure that the edge does
not disperse, to achieve the integrity of segmentation, and
in complex environment, most of the background interfer-
ence can be filtered out. Experimental results show that the
proposed algorithm can segment a complete and grayscale
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(a) Original image details (b) Image details of example 1 with [22] (c) Image details of example 1 with our method

(c) Original image details (f) Image details of example 2 with [22] (g) Image details of example 2 with our method

Fig. 6. Comparisons of model segmentation

enhanced infrared heat map of the target under the com-
plex environment of power equipment operation, provid-
ing convenience for electricians to eliminate temperature
fault points.
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