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Abstract: In order to improve the efficiency of UAVs in transmission tower inspections, the UAV
transmission tower inspection energy consumption model is proposed for the existing research in
which there is no accurate energy consumption calculation method in transmission tower inspection,
and the optimal energy consumption path for UAV transmission tower inspection is designed by
combining with simulated annealing algorithm. Firstly, a real experimental environment is built
for experimental data collection and analysis, and the energy consumption model for transmission
tower inspection is constructed and the influencing factors are discussed and analyzed, and the
energy consumption coefficients under different situations are obtained. Second, according to the
constructed transmission tower inspection energy consumption model combined with the path
planning algorithm, experimental simulation is conducted to plan the optimal energy consumption
inspection path, and finally, the above results are verified by carrying out actual measurement
experiments. The simulation results show that under different constant loads, the optimal energy
consumption path in this paper can save 36.53% and 27.32% compared with the conventional path;
compared with the shortest path, it can save 11.16% and 0.45%. The optimal energy consumption
path of UAV transmission tower inspection based on the simulated annealing algorithm proposed in
this paper effectively improves the efficiency of UAV transmission tower inspection.

Keywords: UAV; transmission tower inspection; energy consumption model; path planning

1. Introduction

Transmission towers are important fulcrums for power transmission and constitute an
important element for the safe, reliable and stable operation of the lines. Regular inspections
of transmission towers require a clear understanding of the entire tower and the elimination
of potential faults to ensure the reliability of the power supply to the power system.
However, the traditional manual inspection method requires maintenance personnel to
climb towers and detours to detect transmission towers, which has the disadvantages of
high risk factors, high operational intensity and low efficiency [1-3].

The quadrotor UAV has the advantages of low cost, small size and high mobility, and
can enter dangerous areas for non-contact comprehensive inspection [4—6]. Through the
ground staff’s control of the UAV to the transmission tower to be inspected in order to
collect, observe and identify the operational status information and compare the relevant
data, any damages and defects to the transmission tower equipment [7-9] can be quickly
and accurately found, in order to ensure the safe operation of the power equipment.

However, UAV inspection operations are limited by battery capacity and limited
inspection radius distance. Therefore, it is important to study how to improve the efficiency
of UAV battery utilization to ensure the successful completion of transmission tower in-
spection tasks. At present, domestic and foreign scholars have carried out certain research
work on this aspect [10]. Domestic research scholars Fan Yeman et al. [11] designed the
steering energy consumption test system of UAVs to analyze the total energy consumption
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and average angular velocity data and conducted experimental tests to derive the rela-
tionship between the total energy consumption generated during steering and its steering
angular velocity. Dong Fang et al. [12] proposed an accurate energy consumption model
for UAVs and established the relationship between the relevant parameters during flight
and the energy consumption generated by UAVs. Zhang Shi Xun et al. [13] discussed the
influencing factors affecting the duration of the quadrotor UAV and estimated the UAV
duration by mathematical modeling, propeller modeling, motor modeling, ESC modeling
and battery modeling [14]. Xu Suijia [15] studied the energy consumption law based on
plant protection UAVs in agricultural applications and analyzed the energy consumption
law at different stages and flight speeds by collecting experimental data for polynomial
fitting [16,17].

The UAV energy consumption calculation methods are mainly divided into two
categories: “black box” and “white box”. Regarding the “white box” method, Liu et al. [18]
modeled the UAYV, estimated the model parameters, and finally brought the parameters
into the theoretical model for calculation to establish a theoretical power consumption
model of the UAV. Bezzo et al. [19] took into account the transition process between UAV
motion processes, while applying the interpolation function method to solve for energy
consumption and applied their results to real-time path planning for UAV operations to
find the path with the least energy consumption. Abdilla et al. [20] predicted the flight
time by modeling the UAV battery characteristics, but the method is too dependent on the
type of battery and is not applicable to all types of UAVSs, so there are some limitations. In
general, the shortcoming of the “white box” method is that it requires the estimation of
the physical parameters of the UAV, such as propeller efficiency, motor efficiency, and air
drag coefficient, but wind tunnel tests are required to obtain accurate parameters, which
can easily lead to low accuracy of the calculated energy consumption.

Compared to the “white box” approach, the “black box” approach is a fast modeling
method characterized by a theoretical model that does not require estimation of any
physical parameters and only requires the application of a small number of measurable
variables and physical parameters of the UAV [21]. This modeling method depends only
on the input variables and the desired output results, which makes it easier to process and
optimize the data and can improve the accuracy of energy consumption calculation to a
certain extent. The black box modeling method was used by Maekawa et al. [22] in the
horizontal flight of UAVs, using the flight speed and the load weight as input variables and
the output variables as energy consumption values. proposed a “black box” approach that
includes three processes: data collection, data preprocessing, and data analysis, and the
results are obtained using the Sklearn’s regression analysis method after the data collection
is completed.

Although all the above methods are effective in estimating the energy consumption of
UAVs, the factors considered in the construction of UAV energy consumption models are
not comprehensive enough.

In summary, most of the studies by domestic and foreign scholars on UAV path plan-
ning problems are about industrial applications or applications for the military, mainly
considering the interference of obstacles and improving safety. Moreover, in power inspec-
tion there are few studies on UAV path planning on transmission poles. Therefore, it is very
necessary to carry out the optimal energy consumption path planning of UAV transmission
towers based on the UAV’s own condition constraints, which can improve the efficiency of
UAVs during transmission tower inspection and can significantly promote the intelligent
development of China’s power grid business [23,24].

2. UAV Transmission Tower Inspection Energy Consumption Model Construction

In order to obtain the relationship between the energy consumption generated by the
UAYV when inspecting the transmission towers and the flight state, this paper builds a real
experimental environment and analyzes and constructs an energy consumption model by
collecting experimental data. The experiment uses a self-built UAV with a flight controller
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model DJA2, a total mass of 2.027 kg and a battery capacity of 2200 mAh and 11.1 V. The
instantaneous voltage and current flowing through the UAV can be measured by carrying
an integrated measurement module on the UAV.

2.1. Energy Consumption Modeling

In the actual transmission tower inspection, the hovering time of the UAV is much
less than the time of the UAV cruise, so the hovering power consumption of the UAV can
be ignored, and the total power consumption of the UAV can be estimated by using the
power consumption generated by the motor when the UAV does vertical and horizontal
movements. In the case of constant flight conditions, the UAV can be set to perform
uniform motion, consume total power as P, and fly at a uniform speed as V. According
to the previous analysis of the forces on the UAYV, it is assumed that K = P/V and K
is the proportionality factor. The following section will explore the value of K under
different flight modes by collecting and analyzing the actual flight data of the UAV and
conducting experiments.

Firstly, the UAV was debugged, and the following experiments were conducted after
the debugging was completed. The UAV was allowed to fly horizontally at a speed of
2 m/s without load, and the UAV power data at 100 of these consecutive time points were
taken, as shown in Figure 1.
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Figure 1. UAV power when no load.

From Figure 1, it can be seen that when the flight speed of the UAV is kept constant,
the power fluctuation range of the UAV is small and remains almost constant. The ratio
of the power of the UAV to the flight speed is the energy consumption coefficient, which
is K. Therefore, it is conjectured that the energy consumption coefficient K of the UAV
remains constant under the condition that the weight of the load and the flight mode
remain unchanged.

The horizontal resistance coefficient is weakly related to the wind when the UAV is
under low-speed condition for the tower inspection, which is usually limited from 1 m/s
to2m/s, so we select 1 m/s and 2 m/s to verify the energy consumption coefficient K of
the UAV, which remains constant under the condition that the weight of the load and the
flight mode remain unchanged. In order to verify the above conjecture, let the UAV fly
horizontally at 1 m/s and 2 m/s individually without load to repeat the above experiment,
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take the data of 100 consecutive time points for analysis, and compare the experimental
results as shown in Figure 2.
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Figure 2. Distribution of energy consumption coefficient at different flight speeds.

2.2. Analysis of Energy Consumption Impact Factors

When the experiments in Section 2.1 were conducted, the effect on the energy con-
sumption coefficient was discussed with the UAV flight mode and the load weight carried
constant. Next, the effect of the flight mode and the load weight of the UAV on the energy
consumption coefficient K will be explored [25,26].

2.2.1. Flight Mode Impact Analysis

In the flight process of UAVSs, there are three states: vertical ascent, horizontal flight and
vertical descent. Therefore, in this paper, experimental data are collected under these three
flight modes to analyze the influence of different flight states on the energy consumption
coefficient of UAVs. Firstly, the UAV was flown at a speed of 2 m/s without load in three
ways: horizontal flight, vertical ascent and vertical descent, and the data were collected in
100 consecutive time points for analysis.

As can be seen from Figure 3, under the condition of keeping the same UAV load
weight and flight speed, the energy consumption coefficient in the vertical ascent state
is the largest, which is maintained between 140-145; the energy consumption coefficient
in the horizontal flight state is the second largest, which is maintained between 130-135;
and the energy consumption coefficient in the vertical descent state is the smallest, which
is maintained between 118-123. Accordingly, it can be concluded that the number of
ascent flights of the UAV should be reduced as much as possible in the subsequent UAV
transmission tower inspection path planning.
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Figure 3. Distribution of energy consumption coefficient under different flight modes.

2.2.2. Load Weight Impact Analysis

In order to discuss the influence of the negative load weight on the energy consumption
coefficient during the flight of the UAYV, in this paper, we let the UAV keep the flight mode
unchanged and fly horizontally at a speed of 2 m/s under the load of 0 g, 50 g and 100 g,
respectively, and take the data of 100 of these consecutive time points for analysis and make
the distribution of the energy consumption coefficient, as shown in Figure 4.
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Figure 4. Distribution of flight energy consumption coefficient at different load levels.

As can be seen from Figure 4, the energy consumption coefficient increases with the
increase in the UAV load weight in the horizontal flight condition and will be distributed
around a stable value.
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2.3. Acquisition of Energy Consumption Coefficients in Different Cases

In order to apply the UAV transmission tower inspection energy consumption model
in the subsequent path planning, it is necessary to obtain the specific values of energy
consumption coefficients in different cases, and to conduct horizontal flight, vertical ascent,
vertical descent flight experiments at a speed of 2 m/s under 0 g, 50 g, 100 g, 150 g, 200 g,
250 g, 300 g, 350 g, 400 g, 450 g, 500 g load weights, respectively. Each type of experiment
was conducted 100 times, each flight was 5 min and the data of 1000 consecutive time
points were taken each time. The data in each case were simply filtered, the average value
was finally taken as the energy consumption coefficient of each case, and the final energy
consumption coefficient was obtained as shown in Table 1 below.

Table 1. Energy consumption coefficients under different load conditions.

. Horizontal Flight Vertical Rise Ener Vertical Dro
Load Weight (g) Energy Factogr Factor & Energy Factoli

0 132.320 142.419 120.986
50 136.414 146.851 124.703
100 140.566 151.347 128.473
150 144.776 155.905 132.293
200 149.062 160.545 136.183
250 153.388 165.230 140.108
300 157.771 169.979 144.084
350 162.213 174.800 148.123
400 166.713 179.667 152.193
450 171.271 184.606 156.325
500 175.886 189.609 160.509

It can be seen from Table 1 above that the energy consumption coefficients of all three
flight modes will increase with the increase in the load weight, and it can also be seen that,
under the same load weight, the energy consumption coefficient of the UAV in vertical
ascent is the largest, in horizontal flight the second largest, and in vertical descent the
smallest. At the same time, for the convenience of calculating the energy consumption of
the subsequent UAV transmission tower inspection path planning, the energy consumption
coefficient in the horizontal flight state is recorded as K, the energy consumption coefficient
in the vertical ascent state is recorded as K;, and the energy consumption coefficient in the
vertical descent state is recorded as K in this paper.

3. UAV Transmission Tower Inspection Optimal Energy Consumption Path Planning

The inspection process can be divided into fine inspection of towers and inspection
between different towers when the UAV is inspecting transmission towers. For this reason,
this paper will design flight paths for different inspection tasks, which are divided into
path planning between transmission towers and flight around towers.

3.1. UAV Inspection of Regional Type Transmission Tower Model Construction

In order to obtain the actual scene of UAV inspection in transmission towers, the
geographic location information of each tower in the inspection area, including the latitude
and longitude coordinates and elevation of each tower, can be known by consulting the
relevant data. In order to make the path planning of the UAV convenient when inspecting
the transmission towers, a three-dimensional map of the inspection area is first constructed
by using the Digital Elevation Model (DEM), and then the latitude and longitude of the
geographical location are converted by using the local central meridian as the reference
for coordinates. Tower 1 is set as the inspection starting point, and the 3D model of a
total of 40 target inspection points is obtained for path planning. The constructed three-
dimensional mathematical model of inspection target points is shown in Figure 5 below.
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Figure 5. Regional type transmission tower inspection point three dimensional map.

3.2. Design of Path Planning Based on Simulated Annealing Algorithm

In order to facilitate the planning of the optimal path for UAV transmission tower
inspection using intelligent algorithms, the operational path is first mathematically modeled
and the path planning problem is transformed into a mathematical problem that can be
solved by intelligent algorithms [27-29]. In this paper, the location of the target point to
be inspected by the UAV is known, and the UAV inspects from the starting tower and
subsequently flies to the remaining towers. In this process, the UAV only needs to reach the
target inspection tower once and fly to the starting tower after completing the inspection
task. In order to minimize the total energy consumption generated by the UAV during
the whole inspection process, the flight path of the UAV needs to be planned. This is then
converted into a mathematical application problem, which is to search for an arrangement
of the natural subset X = {1,2,...,n} (the elements of X which correspond to the number
of each pole tower point corresponding to the entire cruise mission) such that the value
taken in Equation (1) is minimized.

n—1

Ti=Y_ d(V;, Vigr) +d(Va, V1) 1)
i=1

where T; is the total energy consumption generated after inspection of all transmission
towers, d(V;, V;11) is the energy consumption generated during the whole flight from
transmission tower V; to transmission tower V;, 1, KJ.

In order to calculate the process energy consumption d(V;, Vi;1) of the UAV flying
from the current target tower to the next target tower, based on the relative flight distance
and the energy consumption coefficient, the calculation formula is:

Vi) = |dx|Kf+ ’dy|Kf + |dz|Ky(dz > 0)
Atin) = {|def+ |dy | K + |dz|Ky(d= < 0) @
Among them.
dy = Xiy1 — X;
dy =Yis1 =Y (3)

dz = Ziy1 — Z
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where d,, dy, d, are the distances between the current target tower and the next target tower
in the x, y, and z directions, m; (X;, Y}, Z;) are the coordinates of the current target tower;
(Xi+1, Yis1, Zi41) are the coordinates of the next target tower.

To solve the optimal path for energy consumption, the optimization search is based
on the simulated annealing algorithm (SAA). This algorithm can find the global optimal
solution with high probability and has strong robustness, global convergence, implied par-
allelism and wide adaptability. The key core of this algorithm is the Metropolis discriminant
criterion, which in this study is specified as:

1(df <0)
D= fexp(~ %) 20 @
Among them.
df = Thew — Told (5)

where D is the probability that the Metropolis discriminant criterion finally accepts the new
path; Tyer is the total flight energy consumption of the new path, KJ; T,y is the total flight
energy consumption of the previous path, KJ; T is the algorithm control parameter, i.e., the
current temperature.

From Equation (4), if df < 0, the new path is accepted with probability 1; otherwise,
the new path is accepted with probability exp (—df /T).

When solving the optimal energy consumption path based on the simulated annealing
algorithm, the algorithm is first initialized, i.e., the coordinate information of the target
point is input and the control parameters of the algorithm itself are assigned, at which
time the coordinate information contains the energy cost of the process of flight between
the two target points of the UAV under different load conditions. After the initialization
of the algorithm is completed, the path search is started, and the new path is accepted
using the discriminant criterion of Equation (4), and the acquisition of the optimal energy
consumption path is finally completed. In the optimization process, let T = gT, i.e., each
cycle shrinks the current temperature T by g times as the next current temperature. The
algorithm flow is shown in Figure 6 below.

In order to improve the solution performance of the simulated annealing algorithm
in this study, by referring to the control parameters commonly used in this algorithm
and conducting several experiments on the problem in this study, the control parameters
were finally selected as follows: initial temperature Ty = 1000; termination temperature
Tonq = 0.001; chain length L = 500; cooling rate g = 0.9.

3.3. UAV Refinement Inspection of Transmission Towers
3.3.1. Refine Transmission Tower Inspection Content

Refined inspection usually refers to the operation of multi-rotor UAVs to a fixed-point
hovering way of image photography of the tower itself and the key parts of the ancillary
facilities, in order to check the line defects, hidden dangers and other abnormal state.
Combined with the national grid company line inspection management norms, this paper
takes the most common AC single-return linear tower as an example to elaborate on the
content of fine inspection, inspection content as shown in Table 2.

Table 2. AC single-return linear tower refinement inspection content.

Number Project Name Number of Photos Taken

1 Pole Tower Signage 1
Left phase insulators
Medium phase insulators
Right phase insulator
Left ground suspension point
Right ground suspension point

NGl W
_ =W W W
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Figure 6. Flow chart of transmission tower path planning algorithm solution.

As can be seen from Table 2, for each AC single-return linear tower, there are 6 inspection
items and a total of 12 photos are taken, including the main tower components such as
tower signage, left phase insulator, right phase insulator, middle phase insulator, left

ground wire suspension point and right ground wire suspension point.
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3.3.2. Fine-Tuning Tower Inspection Strategy

This paper takes a 500 kV AC single-return linear transmission tower as the research
object, as shown in Figure 7, and the part marked by a red circle needs to be photographed
during the UAV inspection. Each insulator string contains 14 pieces of insulators, and
the length of each insulator is 146 mm, while the length of the whole insulator string is
14 x 146 = 2044 mm. The error size caused by the connection joint of the insulator string
and the tilt of the insulator string is negligible.

Figure 7. AC single-return linear transmission tower diagram.

In order to avoid the impact of strong electromagnetic fields near high-voltage power
lines on the UAV’s on-board electronic equipment during the inspection process, the
minimum distance between the UAV for transmission tower inspection and the tower
is defined as the safety distance S. Outside the safety distance, the UAV can effectively
avoided electromagnetic field interference to ensure the safe completion of the inspection
task. UAVs can carry a variety of different sensors or cameras for detection when conducting
transmission tower inspections. The field of view (FOV) angle of the on-board monitoring
camera is expressed as «. The vertical distance from the UAV to the target transmission
tower is expressed as L. Its effective monitoring range is shown in Equation (6).

R=1Lx tan(%) (6)

The HD10X remote zoom camera was selected for this article. The camera itself
weighs 130 g, the horizontal field of view range is 53.2° (near focal length) to 5.65° (far
focal length), and the vertical field of view angle range is 39.8° (near focal length) to 4.2°
(far focal length). After several tests, it is concluded that the camera not only has a clear
picture in the 6 X zoom range, but also has good anti-shock performance, which meets the
inspection requirements of the UAV for transmission towers. According to the regulations
of transmission line inspection, the safety distance of the 500 kV transmission line is set to
S =8 m. For better safety consideration, this paper selects L = 10 m (L > S) and uses a 6
zoom camera for photo processing; in this case, the actual detection range of the camera is

Ry = Ltan(%) — 10 x tan(zllézof%n/z) — 1.8787m @)

Ry = Ltan(%) =10 x tan<115;02n/2> = 1.3983m ®)

Because the length of insulator string is 2044 mm, each insulator string needs to take
at least two photos to detect the whole insulator. In this paper, we choose to take three
photos at each insulator string in order to get a more detailed photo.
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3.3.3. Refine the Tower Inspection Process

In the inspection of a single transmission tower, this paper takes into account the
influence of various factors such as the safety distance, the camera shooting distance and
the wiring near the transmission tower during the UAV inspection, and summarizes the
following safe and reliable inspection process, as shown in Figure 8.

Figure 8. Diagram of the fine inspection process of the tower.

As can be seen in Figure 8, the UAV inspection is initially located directly above the
tower and inspects it sequentially in accordance with the direction marked by the red
dotted line.

4. Analysis and Justification of Experimental Results
4.1. Regular Route Planning Results

As can be seen from Figure 9 above, the motion process of the UAV under the “Z”
inspection path is analyzed and the total energy consumption of the flight under different
load weights is calculated. The numerical results of the total energy consumption generated
by the UAV in the conventional operation path under different load weights are shown in
Table 3 below.

5000
4500
4000
3500

3000

- 8000
1000 90

x/n 1000 2000 3000 4000 5000 6000 7000 8000
/

T \" T T
0 2000 IOOD/ 6000 806000 1000 2000 3000 4000 5000
x/m y/m

X-Z Y-Z

Figure 9. UAV conventional operation path diagram.
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Table 3. Total energy consumption of UAV flight under different paths.

Energy Consumption

Load Weight (g) Regular Path (J) Shortest Path (J) Optimal Path ())
0 1.1721 x 109 0.8713 x 109 0.7602 x 109
50 1.2083 x 109 0.8822 x 109 0.8362 x 109
100 1.2451 x 109 0.9091 x 109 0.8444 x 109
150 1.2824 x 109 0.9363 x 109 0.8525 x 109
200 1.3204 x 109 0.9640 x 109 0.8744 x 109

250 1.3587 x 109 0.9920 x 109 0.8935 x 109
300 1.3975 x 109 1.0203 x 109 0.9072 x 109
350 1.4368 x 109 1.0490 x 109 0.9373 x 109
400 1.4767 x 109 1.0781 x 109 0.9743 x 109
450 1.5171 x 109 1.1076 x 109 1.0345 x 109
500 1.5580 x 109 1.1375 x 109 1.1324 x 109

4.2. Shortest Path Planning Results

As can be seen from Figure 10 above, by analyzing the motion process of the UAV
under the shortest distance inspection path and calculating its total flight energy con-
sumption generated under different load weights, the numerical results of the total energy
consumption generated by the UAV in the shortest distance operation path under different
load weights are obtained, as shown in Table 3 below.
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Figure 10. UAV shortest distance operation path.

4.3. Energy Consumption Optimal Path Planning Results

The energy-optimal path finding for the operational target is based on the simulated
annealing algorithm, in which the flight distance of the UAV is not considered and only the
algorithm is used to obtain the energy-optimal path of the UAV traversing all target points
in flight. The path planning experiment is carried out and the results of the algorithm for
different constant load cases of the UAV are shown in Figure 11 below.
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Figure 11. (a) Optimal energy consumption operation path at load 0 g; (b) Optimal energy consump-
tion operation path at 100 g load; (c) Optimal energy consumption operation path at 200 g load;
(d) Optimal energy consumption operation path at 300 g load; (e) Optimal energy consumption
operation path at 400 g load; (f) Optimal energy consumption operation path at 500 g load.

As can be seen from Figure 11, the paths planned by the algorithm for the UAV under
various different constant loads are similar in that they all ensure that the UAV flies from
the starting point to the lower altitude target point as a priority, i.e., it generates a descent
motion as a priority, then operates at an intermediate altitude as much as possible, and
finally completes the target point operation at the higher position, thus returning to the
starting position.

4.4. Analysis of Path Planning Results

By analyzing the flight process of the UAV under the “Z” path, the shortest path and
the optimal energy consumption path, the total energy consumption of the flight under
different load conditions is calculated, and the results are shown in Table 3.

By analyzing the results of the total energy consumption of the above UAVs flying
on different paths under different conditions, the total energy consumption of the conven-
tional path and the shortest operating path are used as references to calculate the energy
consumption savings of the optimal path planned by the simulated annealing algorithm
under different load conditions, respectively, and the results are shown in Table 4.

As can be seen from Table 4, the reduction in total flight energy consumption for
the energy-optimal path compared to the conventional path is large, with a minimum of
26.76% and a maximum of 32.04%. For the shortest path, the reduction of total flight energy
consumption in the case of constant load is small, with a maximum of 5.47%. The load of
the UAV during a single flight is constant, but different flights can have different loads.
The reduction of total flight energy consumption is larger, at 11.72%. Table 4 illustrates that
the method we proposed has less energy consumption compared with the conventional
and the shortest path, but the energy savings fluctuate randomly because of the influence
of both aerodynamic force and fly control.
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Table 4. Comparison of energy consumption of optimal path and other paths.

Load Weight (g) Energy Savings with Conventional Paths/% Energy Savings Over Shortest Path/%

0 35.14% 11.16%
50 30.80% 5.21%
100 32.18% 7.12%
150 33.52% 8.95%
200 33.78% 9.30%
250 34.24% 9.93%
300 35.08% 11.08%
350 36.86% 10.65%
400 36.53% 9.63%
450 31.81% 6.60%
500 27.32% 0.45%

5. Conclusions

This paper constructs an UAV transmission tower inspection energy consumption
model construction and optimizes its model parameters. An experimental test plan for the
UAV energy consumption model is given, an experimental environment and test platform
are built, hypotheses are proposed for the UAV energy consumption model, and then the
model is verified and analyzed through experiments to verify the accuracy of the model.
At the same time, the optimal energy consumption path planning method for transmission
tower inspection based on energy consumption constraints is proposed. Combined with
the geographic location information of the pole tower, its three-dimensional mathematical
model is constructed, the path planning problem is converted into a TSP problem, and the
optimal energy consumption path planning is realized by simulated annealing algorithm.
In summary, the UAV can basically use the shortest path to replace the energy-optimal
path for operation when operating with constant load, but for the UAV operation with
real-time changes in load, the energy-optimal path should be used for operation to reduce
the total energy consumption of the UAV flight during operation, so as to improve the
operation efficiency.
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