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Abstract ; The position and orientation system ( POS) information of a target can be obtained through airborne laser
radar (LiDAR) technology combined with the Global Positioning System, an inertial navigation system, and a la-
ser range finder. The camera is chosen by calculating the minimum field of view resolution, pixel number, focal
length, and other parameters. The LiDAR multichannel spectrum image recognition system is composed of the POS
information acquisition system and the multispectral camera. The multichannel matching fusion method can produce
ultraviolet, infrared, and color pictures. The elliptical shape can be fitted and parsed using the Hough transform
method, the immune genetic snake model algorithm, and the least squares method, which can solve anomaly rec-
ognition problem in the insulator. The average failure detection resolution of LiDAR multi-channel spectral image
anomaly recognition system is 82. 4% , and it is higher than the average for copter and manual detection of
24.05% . The proposed system is a highly efficient smart grid patrol screening method.

Key words: high-voltage line inspection, LiDAR Multispectral image anomaly recognition technology, super POS
information, multichannel spectral image system
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Introduction

The maintenance of grid security and stability, as
well as the efficient operation of transmission line in-
spection, are particularly important because of the need

Received date: 2017- 01- 20, revised date; 2017- 07- 20

to modernize pipe network construction. Transmission
lines exhibit interregional distribution and multifaceted
points; they are also installed in a complex terrain
where the natural environment is poor. Continuous me-
chanical tension, lightning strikes, material aging, ic-
ing, and human factors result in inverted towers, broken
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stocks, wear, corrosion, dancing, and other phenome-
na. Insulators are also damaged by lightning, while tree
growth caused by high-pressure oil discharge, insulation
degradation, and other issues can easily lead to trans-
mission line accidents, tower theft, and other inci-
dents''’. These circumstances must be promptly ad-
dressed and repaired.

At present, traditional patrol inspection adopts the
traditional artificial inspection and navigation patrol
lines. (1) The traditional manual inspection line method
is highly dangerous, difficult, time-consuming, costly,
and exhibits low resolution. Artificial methods must be
applied to patrol lines because of complex line section in-
spection items. The minimum target resolution is over 40
mm, and more than 50% of the blind area is covered'?'.
(2) The navigation patrol line is divided into the manned
aircraft patrol line and the unmanned robot operations.
Manned aircraft patrol line operations that utilize helicop-
ters currently handle power systems under the traditional
method. Unmanned aerial vehicle (UAV) driving patrol
line operations that commonly use online robots and UA-
Vs in line work comprise a popular subject in national
engineering staff research. At this stage, the remote ima-
ging resolution of the navigation patrol method is over 15
mm and its hovering resolution is more than 10 mm.
With the continuous development of the computer vision
industry, the use of helicopters to inspect transmission
lines can automatically generate line defect reports and
maintenance programs, which are gradually replacing
manual operations >

The insulator, which is an important component of
an air transmission line, can withstand tremendous me-
chanical tension and high voltage. A transmission line
significantly affects security. The detection of insulator a-
nomaly by using a camera to obtain an image and data in-
formation of an insulator is an important method that can
determine the contamination quantity, burst degree, and
defect degree of the insulator. Ge Yu-min et al. (2010)
proposed a detection algorithm for the number of insula-
tors to achieve fault detection; this algorithm could be a-
dopted in aerial helicopter intelligent inspection sys-
tems'®. Fang Ting of the Anhui University of Technology
(2013) and Kailasam Saranya of the KSR University in
India (2016) reported a new fault detection algorithm
based on insulator characteristics and shape. These re-
searchers utilized the immune genetic snake algorithm,
synchronous phasor estimation, PMU, vector machine
classification, and other methods to establish a dynamic
model and generate the geographical region of an insula-
tor. Under normal conditions, an algorithm that can de-
tect an insulator in a line every 0.5 s is the most impor-
tant factor'®'. An accuracy level of 92% can be applied
effectively in unmanned aerial vehicle ( UAV ) detec-
tion'”). The insulator detection algorithm and the practi-
cal application of high-performance methods still require
considerable research.

The current study presents a LiDAR multispectral
image anomaly detection technology to overcome and im-
prove the shortcomings of existing navigation inspection
methods and algorithms. The proposed anomaly detection
technology is aided by a UAV patrol method that can at-
tain high efficiency, high speed, and high accuracy of

airborne transmission line patrol through its recognition
technology and implementation system. The LiDAR mul-
tispectral image recognition technology aims to realize the
minimum resolution and stability of a system. This tech-
nology was developed by optimizing the geographic loca-
tion acquisition and multi-spectral image acquisition de-
vice. It can apply image information to effectively detect
abnormality in a transmission line and focus on solving
the contour and shape of an insulator, as well as on iden-
tifying and detecting its characteristics. The aforemen-
tioned system is applied to the inspection process of
transmission lines. Considerable data show that recogni-
tion technology significantly improves work efficiency and
accuracy.

1 LiDAR and multichannel spectral im-
age system

Transmission line inspection is achieved by acqui-
ring aerial information and aerial survey information,
such as POS aerial photos and photos collected from the
LiDAR multi-channel spectral image anomaly recognition
system ( Fig. 1). This system is composed of a geo-
graphical location ( POS) information acquisition system
and a multi-spectral camera on a pod. The camera com-
prises ultraviolet (UV) , infrared (IR), and color cam-
eras, which are used to collect an image in three bands
(UV, IR, and visible light). The location information
acquisition system adopts the Global Positioning System
( GPS) /inertial navigation system (INS), LiDAR, and
an inclination sensor to collect POS information. The two
types of data collected by the system are merged via
multi-channel matching and then processed through im-
age recognition, homogeneous container induction, and
anomaly recognition. Finally, the corresponding picture
information can be obtained at different positions to de-
termine whether the transmission line is intact or abnor-
mal. This paper put forward using strap down inertia and
INS positioning difference way to shoot area specific im-
age difference, as well as realizing the consistency of in-
duction for the different directions and parameters images
with polygon location rules.
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Fig.1 LiDAR abnormal image recognition system
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1.1 Super POS information acquisition system

The super POS information acquisition system
(Fig.2) is composed of LIDAR, GPS, an Apresys
TP2000 laser range finder, an INS, and an ADS40 digit-
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al aerial camera. This system establishes a database table
and provides air position information.

Fig.2 POS information acquisition system
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LiDAR provides the echo energy with the pitch angle
and height information of target to the detected platform,
which operating principle is shown in Fig. 3. A ground
GPS base station and an aircraft mobile station are used
for dynamic GPS synchronization measurement. The coor-
dinates of the aircraft mobile station are obtained based on
the coordinates of the base station. Therefore, the accura-
cy of the coordinates of the reference station directly af-
fects the accuracy of the coordinates of the aircraft mobile
station. The known GPS coordinates cannot be used as the
base station under normal conditions due to constraints in
traffic, communication, power supply, satellite elevation
angle, electromagnetic wave interference, and multi-path
effect. Hence, the base station must exhibit highly accu-
rate measurement and calculation work. The airport and
aerial survey area has one base station each. If the survey
area is large, then it can be set on two to three compasses
and GPS base stations. The compass and GPS base station
for POS information provide the WGS84 coordinates and
aithorne Beidou positioning difference to determine the
transmission line, identify the abnormal target, and pro-
vide accurate target location.
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Fig.3 LiDAR operating principle
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1.2 Visible light system
The visible light system is based on a CCD detector.

The minimum resolution B,y of the 60 m target of the
visible light system must be smaller than 2mm (i. e. ,
By <2 mm). Target imaging on the CCD detector ac-
counts for more than 1 pixel, and the CCD pixel resolu-
tion AL is 2 mm. From the observation distance L, the
pixel angular resolution « is obtained as follows :
a = AL/L = 25 prad . (1)

Equation 1 is the minimum field resolution. By
and o are utilized as functions of the minimum pixel
number to find the camera N as follows;

N = Byn/a = 1200 . (2)

The CCD optical system must exhibit high sensitivity
to reduce exposure time, which requires maximum CCD
sensor pixel size to achieve electronic debounce. Under
an instantaneous field angle, a large CCD will increase
the focal length of the optical system, thereby resulting in
difficulties in miniaturizing system structure. Weight in-
crease decreases system control quality. These factors are
considered in selecting Imperx IGV-B2630C camera
(USA), the main performance indicators of which are
listed in Table 1. The system performance of the camera
satisfies operational accuracy requirements.

Table 1 IGV-B2630CMain performance indicators
%£1 IGV-B2630C TERH RS

Indicator

Performance
4600 x3 200
1/100000-1/35 s

Resolution

Shutter speed

Camera interface Gigk
Effective imaging area 11.84 m x 8. 838 mm
Minimum illumination 1.0 Lux

Pixel size 7.4 pmx7.4 pm
FPS 44 fps
DCLK 50 MHz
SNR 60 dB

The visible light filter is removed, and the band-
pass cutoff filter is added according to the system param-
eters and the high-resolution CCD sensor. The IGV-
B2630C camera can then obtain 280 ~ 470 nm (UV)
and 900 ~ 1200 nm (IR) images within the image infor-
mation. The relationship between the maximum focal
length f; and pixel size A of the optical system'" is cal-
culated as follows to ensure that pixel angular resolution
o is over 25 prad;

a = A/f, . (3)
Thus, f, is 296 mm, which is rounded off to 300 mm.
When the optical system is in the maximum field of view,
Te(Byn/2) = C/2f, . (4]
where C is the effective pixel area of the diagonal length.
The IGV-B2630C camera is 14.8 mm, and thus, the ob-
tained f, is 74 mm. On the basis of the f; and f, values,
the optical system has 5 x zoom capability. When the rel-
ative aperture is considered, the optical system diameter
D is set to 50 mm. Hence, the minimum target of 3
mm can be resolved at 60 m.

The camera was placed in a car (Fig. 4). The
working mechanism is described as follows; the object
detected by light enters the optical system, passes
through the sensor, and into the photoelectric detection
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system. The detector then forms an original picture. The
multispectral imaging system consists of visible, UV, and
IR coaxial cameras. The multispectral image is formed
via multi-channel image fusion technology. This technol-
ogy and the image treatment method are explained in de-
tail in the following section.

(b)

Fig.4 Multi-spectral camera on a pod; (a) multi-spec-

tral camera and controlling system and (b) diagram of the
airborne camera
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2 Abnormal image recognition technology

The LiDAR multi-channel spectral image anomaly
recognition system measures the position and the image.
It uses image anomaly recognition technology to deal with
two aspects of the data. As shown in Fig. 1, data pro-
cessing is mainly divided into multi-channel matching fu-
sion, image recognition, same group container induc-
tion, and anomaly recognition.

2.1 Image preprocessing
2.1.1 Multi-channel matching fusion

The image fusion of the UV, IR, and color multi-
channel information is accomplished using the homogene-
ous container induction method based on super POS in-
formation. This method uses a high-resolution image from
the visible light region as the base sample. It then com-
pares the non-container image in adaptive learning mode
by superimposing the channel information of the thermal
imaging channel and the information of the UV image.
Therefore, this process is a multi-channel matching and
fusion method.

LiDAR triggers the system to automatically take pic-
tures and videos of the key targets by using smart camera
identification and onboard computer intelligent filtering,
eg Fig. 5. The time interval shift transforms the key
frame for the stored photo samples. AUM is used to eval-
uate function variance and uncorrected function. The
multi-channel image sample is stored at a particular time
when the frame-frequency image in the judgment interval
cannot be focused on. The quadratic function fitting
method is adopted to obtain the fitting curve of the dis-
crete points, and the highest point of the curve is the op-
timal focusing position. Potential errors exist in autofo-
cus. The error of the response curve is compensated u-
sing LIDAR multi-point ranging and quadratic function
fitting methods. The bidirectional transformation of the
visible light camera and IR movement is then realized.
Function comparison is conducted to further reduce possi-
ble errors. The conditional constraint of air information
adopts the precise ranging constraint method. It also uses

a small-scale and accurate target screening method for
the same-frame image, and provides early check ability
for the subsequent image processing of data.

The current POS aerial mode utilizes geographical
location photography. Research on POS photography
technology initially presented a type of super POS image
photography. The original POS data accurately superpose
target distance information. Angle information summari-
zes the container with a robust characteristic. This super
POS photography image acquisition mechanism is auto-
matically classified as a kin container. An inductive sys-
tem for each stored photo adopts a 3D data storage meth-
od. This method labels pictures with tags that indicate
GPS information, tag information, location, angle, and
matching pictures. The super POS information for the kin
container sums up the data to be processed to provide a
domain range. This range uses POS data processing with
the method for classifying kin images at different times,
shooting angles, and positions of discrete images. Tag
information is stored in the form of text labels in a table
text database for fast application. The links are embed-
ded via onboard computer virtualization implementation
in BSD environment. The table records of the air current
camera coordinate system points a gathering pace into the
target distance by LIDAR. An angle sensor measures the
angle and accurate location information for a fast detec-
tion area. The kin container information provides accu-
rate calibration by using fixed target shooting and the
difference after the precise distance. When computer
processing generates different photos, the air position in-
formation acquisition system can be effective for elements
with different imaging angles and fine images provided by
the kin container to eliminate the different architecture of
repeated repository images. Unlike advanced image frame
interval detection methods, kin container induction,
which is a pioneer in air parameter, geographic coordi-
nate, and pitch detection methods, is powerful and a-
voids repetition of the same category pictures, regres-
sion, and blindness.

The same family of containers is not a simple sum-
mary of the fusion of image data and POS information.
The pictures are individually processed to achieve fine
and accurate classification under different conditions. In
the process of computing data that cannot be measured,
the nonlinear separability of sample space must be solved
into a linear separable problem in feature space and a
wide area to realize a high-precision target with a small
space and fast processing speed. The data are processed
via the Hough transform method after multi-spectral
multi-channel camera target image acquisition, LiDAR
ranging, and contour recognition.

Hough transform is a parameter estimation principle
that uses voting technology '™, Tis principle is to use
image space and the Hough parameter space point (line
duality theorem) in the detection problems of image
space transformation into parameter space using accumu-
lative statistics in parameter space. The Hough peak
method is then applied to detect linear parameter space
and find an accumulator. This transformation type exhib-
its a relationship between the image space of pixels and
clustering, which can be identified in analytical form by
linking parameter space to corresponding points. The
transformation has an ideal effect on parameter space un-
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der maximum 2D condition. On the basis of Hough
change , the support vector machine (SVM) method""*"®’
is introduced into nonlinear mapping, which maps 2D
space onto high-dimensional (or infinite dimensional )
feature space in Hilbert space. Thus, calculation effi-
ciency is improved.
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125;0;26.0448999999978956 3 |
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Fig.5 Image processing
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A real topological space of a transmission line can
be constructed to immediately recognize the abnormality
of an image based on improving the processing efficiency
of image and POS information. An Apresys TP2000 laser
range finder points to the target area of the central area
range and feedback angle. It is combined with a UAV
flight control that cites a lead number to the absolute ac-
curacy of the target and the location. The picture is as-
sumed to be the same target of a different spatial point,
and the appearances of different azimuth angles are col-
lected when shooting at another angle, and when the ele-
vation and position points overlap in the WGS84 coordi-
nate. The spatial topological method used in this study is
a continuous-type fuzzy topological linear space, which
realizes the correlation of the spatial domain. The afore-
mentioned analysis can preprocess images, and thus, can
be regarded as an abnormal image recognition method.

The insulator is an important part of a transmission
line ; consequently, this study focuses on the morphologi-
cal feature recognition algorithm.

2.2 Insulator abnormal recognition
2.2.1 Hough transform

The main feature of an insulator is a linear elliptical
string, and many sagging areas exist in the boundary. An
effective algorithm can detect the ellipse via Hough trans-
form. The ellipse is described by five parameters: the
center of the ellipse, the major axis, the minor axis, and
the angle between the long and short axes (Fig.6).

Fig. 6 Ellipse and its parameters
Ko MASEbRE

Any point on the elliptic boundary satisfies the fol-
lowing equation ;
(x_xo)z (9"3”0)2
2 2
a b

(5)

The derivative of Eq.5 is obtained using the direction in-
formation of the boundary by computing three independ-
ent parameters: a, b, and §&. These three parameters de-
termine the center of the ellipse (x,,7,). Among these
d(y - )
de 7

(go -0- %) The tangential orthogonal solution ¢ is ob-

When 6 # 0, & = tan

parameters, & =

tained at the edge point (x,y). The edge will be ana-
lyzed, and thus, the elliptic § in quantitative values can
be obtained as £.

Point O is the center of the oval, and its position is
(0,,0,). a and B are each defined as the length of the
long and short axes of the oval. The angle of the long and
x axes is also defined as . Thus, we can obtain the ide-
al oval when the five parameters are known {o_,0 ,o,B,
6f. In Fig. 7, the short axis is defined as [, and the
long axis is defined as [, ,, where r and s are two end-
points of the short axis, whereas t and u are two end-
points of the long axis. When endpoints t and u are as-
sumed as the edge points of the oval in the image, we
can calculate the four remaining parameters {o,, 0,0,
0} using (t,,t,) and (u,,u ). In this case, only the
length B of the short axis of the oval can be obtained by
using the remaining elliptical edge points to determine
parameter 3. Only parameter 8 is determined ; thus, only
1D accumulator space is required. This method is the o-
val detection algorithm based on the 1D Hough exchange
space.

Fig.7 Ellipse in the Hough algorithm
&7 Hough 7R A 1 1

P x

Fig.8 Ellipse with the focal length in the
Hough algorithm
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Figure 8 shows a diagram of the oval with the focal
length, where w and v are two focal points of the oval.
When the fix points (z,,t,) and (u,,u,) are given, we
can then calculate {o, ,0, ,a,01 as follows:

t, +u, i, +u,
o, = ) ,0), = D) )
(u, —t,)" + (u, =t )?

a = 5 M

x

(6)
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o - t( - ‘}'j . (8)

u, —t,

X

(k, —wy)2 +(k, —w,)” + (k, —11),)2 +(k, -v)’
=2a . (9)

Furthermore ,
w, = o, —cos\a\m , (10)
w, =0,—sin\0\m , (1)
v, =ox+cos‘0‘m , (12)
v, =0},+sin\49\/azfﬁ2 . (13)

For a given ellipse on the contour of any point k,
the B value can be determined using Eqgs. 10-11. Thus,

a262 _ a272
B = 2 2 ’ (14>
a -

such that

5 = <k)‘_0}‘)2+(kx_0x)2 ’ (15)

y =sin|g|(k, —0,) +cos|0|(k, —0,) . (16)
2.2.2 Immune genetic algorithm snake model

Contour extraction is attained by combining the im-

mune genetic snake model algorithm''"7"®! with the Hough

transform. The energy function of the snake model is

used as the objective function, which is expressed as fol-

lows :
1
Esnake = J(;I:Eim(1‘)<s>) +Eext(v(s)>]ds ’ (17>
where E, is the main area after the LiDAR to determine

int
the strength of the insulator outline signal, £, is the Li-
DAR that determines the main image signal intensity out-
side the area and does not contain an insulator profile,

and E__ = — V [I(x,y) |*. The external binding is the

LiDAR point cloud contour filtering process.
2.2.3 Least squares ellipse fitting method

The insulator cross-point detection template is con-
structed after filtering the contour background using
Hough transform and the immune genetic snake model al-
gorithm. As shown in Fig. 9, the different insulator
cross-point detection templates are divided into six types
in 5 x5 pixel regions. The cross-point image matching
detection is sequentially performed on the edge image af-
ter morphological processing.

A o e
===

Fig.9 Detection template structure of the insu-
lator intersection
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Ellipse fitting is performed by using the direct least
squares' " ellipse fitting method according to the inter-
section points of the edge points in the insulator disk area

(Fig. 10). The position of the original image shows the

fitted ellipse, where each ellipse corresponds to a disk
surface of the insulator. A method that extracts the single
disk surface of the insulator in the visible light image of
the transmission line is then realized.

S}
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Fig. 10  Structure of the insulator
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The definition of the ellipse center is (x,,y,) for
the angle of rotation and the axial direction, respectively
(a, b). The assumptions, n(x,y),m(x,y;) exist on
the edge and ellipse points, respectively, with three
points on a straight line. The edge points with an ellipti-
cal point for the geometric distance are expressed as fol-
lows

Ar = (x_xo>2+(y_y0>2_

(x; = 950)2 + (5 - J’o)z
(18)
The best fitting is the edge of the geometric distance
of the ellipse, which is the minimum sum of the squares.
The objective function is zero. Thus,

. 2< (x—x) 4 (y =)’

- (xi_x()>2+(yi_y0)2)2 . (19)

The five parameters of the ellipse are substituted in-

to the equation to obtain the most fitting ellipse informa-

tion, and the contours of the insulator are extracted from

the ellipse. Through the above algorithm processing, the

insulator can be displayed in Fig.5. Based on the above

image processing, we developed a novel assistant pro-
gram and interface (Fig.11).

Fig. 11 Novel assistant program and interface
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3 Experiments and analyses

The LiDAR multi-spectral anomaly recognition sys-
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tem and technology is applied to an actual project. The
working status of the system is shown in Fig. 12, which
will be the transmission line in the different examples for
the experiments and analyses.

Fig. 12 Operative modes of the LiDAR abnormal multi-chan-
nel spectral image recognition system: (a) first mode and
(b) second mode
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3.1 Insulator defect contour extraction and recog-
nition

Insulators frequently exhibit three types of defects in
abnormal conditions in engineering applications, as shown
in Fig. 13. SVM and Hough transform are implemented
with pattern recognition in the process of insulator defect.
Figures 15(a) and 16 (a) show images obtained using a
white-light camera, whereas Figs. 16 (b) and 16 (b)
show images obtained using an IR camera. Figures 15 and
16 present two examples of acquisition using the proposed
system. Figures 15(d), 15(d), and Fig. 13 show the

recognition of the key components using LiDAR.

Super POS information acquisition system N
A
A

43;38:0.470100000000597074
125; 0: 367 1490

16:59:34.1127

Same family of containers

Fig.13 SVM and Hough transform are implemented with pat-
tern recognition in the process of insulator defect

K13 T4 FSHEIFENAER SVM 5 Hough 48 #id 2

Fig. 14 Abnormal insulator; (a) damage in the umbrella
skirt of composite insulators, (b) explosive insulator, and
(¢) burns on the insulator surface
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3.2 Hidden discharge point extraction and process-
ing
The outline of the measured object in the multi-

(a) » (b) (© (d)

Fig. 15 First example of the extraction and recognition of
intelligent insulator defects
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Fig.16  Second example of the extraction and recognition
of intelligent insulator defects
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spectral mode is recognized using LiDAR. The outer sur-
face of the measured object is also photographed through
the UV spectral band. After the combination of visible
and IR images, SVM robustiness processing is conducted
to obtain the key feature points, i. e., to determine the
points of failure. Figure 18(a) show images obtained u-
sing a white-light camera, whereas Fig. 17(b) show im-
ages obtained using an IR camera. Figures 17 (b) and
18(b) show two examples of acquisition using the pro-
posed system. Figures 17 (c¢), 18 (¢), and Figs. 17
(d), 18(d) show the recognition of the post-recognition
contour.

(a) white-light camera (b) LIDAR data (c) multispectral (d) recognize and
camera output
Fig. 17  First example of the extraction and recognition of the

hidden discharge point
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(a) white-light
camera

(c

(d) recognize
and output

) multispectral
camera

(b) LIDAR data

Fig. 18 Second example of the extraction and recognition of the
hidden discharge point
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PEIPORT of Hong Kong currently utilizes the other
side of the failure point of the technology to obtain the
highest accuracy. The minimum target recognition degree
of 50 mm is shown in Fig. 19(a). The developed system
has a minimum target recognition degree of 3 mm, which
is higher than the domestic and international levels. For
this reason arithmetic adopt Hough transform , recognition
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by Kalman filter and computer nerve network. So, it can
only recognize electrically insulates contacts, arc dischar-
ging scar, shock hammer, wires those model. For the
others it need more continue in-depth studies. we should
develop more function of the product and make it more
perfect in the future. The aforementioned examples show
that the LIDAR multi-spectral image anomaly recognition
technology has been fully applied and practiced in real
engineering, and its practical application value and sig-
nificance have been demonstrated.

(b) LiDAR multi-spectral
image anomaly recognition

(a) only video record

Fig. 19 Comparison of the minimum target identify degrees:
(a) from Hong Kong PEIPORT and (b) from the LiDAR
multi-channel spectral abnormal image recognition system
K19 f/h B UIRCRXT L (a) i PEIPORT {8 5 BH4
(b) LIDAR £ il i i BRI R 5

This paper demonstrates failure detection accuracy
about three ways, which include manual detection, cop-
ter detection and LiDAR multi-channel spectral image a-
nomaly recognition system, through taking an example of
Tiansong section of electric power transmission line. The
detected section is located between Baicheng and
Songyuan city in Jilin province, China, its total length is
about 200 km. The statistic data is shown in Table 2.
Songtian section is recorded as ST.

The average failure detection accuracy of copter de-
tection &, .. is calculated as

copler

(20)

copter

— Ncupler — 66 7%
Nall
While the average failure detection accuracy of man-
ual detection & is achieved by

N,
— manual — 50%

manual

and the average failure detection accuracy of LIDAR
multi-channel spectral image anomaly recognition system
is gained as
Epu = Now _ g5 49
Nall
So using the novel method, the failure detection ac-
curacy is improved to

Nyav 1 (N

(23)

E=¢_-¢=

- - N 2 manual + NC()})IEI‘) — 24. 05%
all

Ny Na
. (24)
The failure detection accuracy of LIDAR multi-chan-
nel spectral image anomaly recognition system is the
highest, and it is obviously to find that its accuracy value
can last for the longset time among the three methods.

4 Conclusion

This study proposes a LiDAR and POS multi-chan-
nel spectral image recognition technique to realize the en-
gineering purpose of airborne power transmission line pa-
trol. The multi-spectral images of ultra-POS multi-chan-
nel UV, IR, and visible light detectors are calculated
and analyzed. The super POS information of the LiDAR,
GPS, Beidou, and INS hybrid differential mode position
information acquisition systems is introduced. The auto-
matic recognition of the insulator defect anomaly in a
complex background is realized, and the accuracy of pic-
ture information is ensured. The proposed algorithm uses
the multi-channel processing comparison method, the
same family container induction method, and the bound-
ary detection algorithm of organic fusion. The multi-
channel acquisition images are pattern recognition and
numerical calculation, which is complex background in-
sulator multi-disk information extraction method. Theory
and design research in engineering practice show that the
minimum identification degree of the system is 3 mm,
which is higher than those of existing local and interna-
tional technologies. The utilization efficiency is also con-
siderably higher than the expected result and the values
for artificial identification and general aviation helicop-
ter/UAV efficiency. The LiDAR multi-spectral image a-
nomaly recognition technology for inspecting airborne
power transmission lines exhibits high efficiency, preci-
sion, and application value.

€ manual N, (21)
Hence, the average for & opter and &, 1s shown as References
- = L(Ncopter N ol . .. . . .
&g = _coprer,  anudl y (22) [1]Siroma Z, Fujiwara N, Yamazaki S, et al. Mathematical solutions of
2\N all N all comprehensive variations of a transmission-line model of the theoretical
Table 2 Detected data
R2 KERWEER
Name Mode Days Peoples Period Tower Review Torsional damper Spacer  Insulator other total
1 ST1/2 manual 30 32 10 400 2 51 23 304 69 447
2 ST1/2 copter 20 6 20 397 1 23 17 274 47 361
3 ST1 copter 180 12 30 520 3 65 43 397 67 572
4 ST 1 LiDAR 4 3 0 100 0 6 5 19 12 42
5 ST 1 copter 3 4 1 100 0 2 2 13 7 34
6 ST 1 manual 10 4 0 100 0 3 2 12 8 25
7 ST 1 manual 30 12 5 100 3 6 5 18 22 51
8 ST1 Later period 10 5 100 0 6 5 19 22 51
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cell model without skin effect. The deviation is 2% for
Sy, 3% for S,,, 1.5% for S,, and 4% for S,,.

4 Conclusion

An improved small-signal model for nanometer
MOSFET device is developed in this paper. The better
result is achieved by modeling the MOSFET with multiple
cells considering skin effect of feedlines. It is more desir-
able to take the effect of interconnection between elemen-
tary cells into account. According to the parameters of
the conventional one cell model, physically expected re-
sults are obtained for the parameters of multiple cells.
The validity of the new model is proven by comparison
with measured S-parameters up to 40 GHz.
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