3GPP TSG-SA WG1 Meeting #85 
S1-190260
Tallinn, Estonia, 18 - 22 February 2019
(revision of S1-190016)
Title:
Annex  of Computation of UAV Density and Range of Inspection
Agenda Item:
8.7
Source:
China Unicom
Contact:
Qun Wei, weiqun5@chinaunicom.cn
Abstract: This document proposes a discussion: in the specified model, the minimum number of unmanned aerial vehicles to be used in the designated area and the range of unmanned aerial vehicles to be inspected are calculated.
--- START CHANGE ---
Annex X: Computation of UAV Density and Range of Inspection
1. Overview

In order to calculate the number of UAVs patrolling in a certain range, it is necessary to set the elevation data of the patrol area with 2913 columns and 2775 rows according to the basic data. The first column of the first row shows the elevation value at (0,0) points (in meters), and the distance between adjacent cells is 38.2 meters. That is, the data in column n of row M represents the height value at coordinates (38.2 (m-1), 38.2 (n-1)). There are seven key areas in the inspection area.
We assume that the average flight speed of the UAV is 60 km/h, the maximum flight duration is 8 hours (if the flight duration is short, it involves more complicated models such as charging of the UAV), the turning radius is not less than 100 meters, the maximum climb (dive) angle is ±15 degrees, the safe flight distance with other obstacles (including ground) is not less than 50 meters, and the maximum flight altitude is 5000 meters above sea level. All UAVs fly autonomously according to the planned route without manual control, and return to the original base automatically after completing the mission.
Video acquisition devices carried by UAVs are used to inspect areas within 10 kilometers of the central area of seven key areas. Suppose the UAV's flight altitude is constant at 4200 meters. When the elevation of the UAV is greater than 60 degrees at a certain point on the ground and the line of sight is not blocked by the mountain, it is considered that the point is inspected. If all UAVs are dispatched from base H (110,0) (unit: kilometers) and return to H after completing the mission, it is hoped that within four hours, as many places below 3000 meters above sea level in area S will be inspected as possible.
In order to abstract the problem, it is necessary to process the data properly. The distance between adjacent cells in elevation data set is 38.2 meters, and there are 2775 rows and 2913 columns. The area that the UAV can explore at a certain position in the air is much larger than this. Therefore, the data in elevation data set should be merged properly.
According to the natural information such as geography and topography, the seven key areas within ten kilometers are divided into areas as shown in the figure. The elevation of the area is within the range of [1000,3000].
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2. Determining the Minimum Cruise Radius of UAV

When the elevation of UAV is greater than 60 degrees at a certain point on the ground and the sight is not blocked by the mountain, it is considered that the point is inspected. Considering the limit condition, when the altitude of UAV's patrol area is all h, UAV's patrol area gets the minimum value.
It can be seen from the above that H_1 = 4200m and h_1 = 3000m. According to Pythagorean theorem, the minimum value of the radius r_1 of the inspection area for UAV at a certain point in the air is:
r_1=(H_1-h_1)/√(3 )=400√3 m 
The minimum diameter d_1 of the inspection area for UAV at a certain point in the air is:

d_1=2r_1=800√3 m 
              [image: image1][image: image3.png]
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3. Merged Data Processing of Elevation Data Set

The radius of UAV patrolling at some point in the air is much larger than the distance between elevation data sets. When the UAV flies over a dot in the data set, the UAV not only explores the current point, but also the elevation data points within the circle C_1 with dot as the center and r_1 as the radius. Thus, we can merge points in the range of C_1 into dots. As long as the UAV flies over dots, the elevation data in the range of C_1 will be explored by the UAV.

For further consideration, UAVs continue to move in the air. If the UAV flies from A1 to A2, the UAV's detection range is yellow. Compared with the rectangular region, the region near the beginning and end points can be neglected. Then the data can be merged in a square area with dot as the center and diameter of 2r_1.

It can be seen from the above that if d_1=800√3 m and the distance between adjacent cells in the elevation data set D = 38.2 m, there are M points on one side of the merged square, and the calculation results are rounded downward.
M=d_1/D≈36
The distance D_1 between two adjacent cells after merging is:

D_1=38.2*M=1375.2m
According to the meaning of the overview, beforeCol = 2913, and the number of columns afterCol after the merging of elevation data sets integrates upward as follows:
afterCol=beforeCol/M≈81
According to the meaning of the overview, beforeRow = 2775, and the number of rows afterRow after the merging of elevation data sets integrates upward as follows:
afterRow=beforeRow/M≈79
Among them, the data in the merged square is represented as:

CubeSet = [ N10,N11,N12……N1M,
N20,N21,N22……N2M,
……

NM0,NM1,NM2……NMM  ]
From the above, we can see that the dotValue of the merged dot is set to the average value of CubeSet.

There are 79 rows and 81 columns in the elevation data set after merging. The first column in the first row shows the altitude at (0,0) points (in meters). The distance between adjacent cells is 38.2 meters, i.e. the height value at the coordinates (38.2 (m-1), 38.2 (n-1)) represented by the data in column n of row m.

The coordinate transformation of seven source points is expressed as (center point, X coordinate, Y coordinate). For example, the coordinate of A is (A, 22.0, 65.0).
After coordinate transformation of the take-off point P (110,0), P (81,0) is obtained.

Then use the above method to merge data sets. Using the combined data set mapping, the data larger than H_1 in the elevation data set of seven key areas can be drawn.
4. Internal cruise modes in key areas

As can be seen from the above, the inspection area is a circle with a radius of 10 km. In the merged data set, the cruise area of UAV is to traverse the data points contained in the circle with the source point as the center and the radius of 10 km. There are two ways to solve the complete traversal problem of a single continuous region: (1) the reciprocating cattle farming method, which starts from a point in the circular region and traverses along the diameter direction, as shown by the red line in the left figure; (2) the internal and external spiral method, which starts from a point in the circular region and traverses inward around the center of the circle. Among them, the use of reciprocating cattle farming method to patrol a key area traveled less than the Internal and external spiral method, so here we use reciprocating cattle farming method to cruise the key area.

Reciprocating cattle farming             Internal and external spiral method
5. External cruise modes in key areas

After the UAV has completed its inspection of a circular area, if there is enough time, it can fly down to the next circular area. At the same time, we need to pay attention to the fact that we use the Reciprocating cattle farming method to cruise in the key areas, which requires horizontal or vertical traversal of the circular areas to ensure the efficiency of the algorithm. Therefore, when cruising outside, UAV always enters and exits the circular area from the point that the circular area is tangent to the coordinate line. As shown in the red point in the figure, the red point is called the external cruise entry and exit point. And the Euclidian Distance between the entry point and the exit point of the UAV's external cruise is 0.


If the UAV flies away from the current circular region and has enough time, the greedy method is used to solve the choice of the next circular region. The solving steps are as follows:

Step0: Create a data set S containing seven key areas

Step1: Find the Euclidian Distance etween the take-off site and the four external cruise entry and exit points in S. Take the shortest data distance from the take-off point and remove the data from S

Step2: Get the Euclidian Distance between data and the four external cruise entry points of data in S. Update the data with the shortest distance from the take-off point to data and remove the data from S. If S is not empty at this time, repeat Step2.
The results of the algorithm are shown in the figure. The coordinates of the entry point and the exit point in the graph are the position of the point in the elevation data set after merging the data. For example, the actual value of the entry point and the exit point can be (F, (70, 16) （56, 16）). The flight path of the UAV in the figure shows that the direction along the red arrow is the direction of the time-rich UAV after cruising the current circular area.



6. result

According to the contents of 4 and 5, the whole trajectory of UAV fleet in seven circular areas can be drawn. When UAV fleet is not blocked by mountains, the whole route of UAV fleet is to patrol the circular area by reciprocating cattle farming method, and choose the next area by greedy method among the circular areas. If we want to patrol the area below 3000m in the key area within 4 hours, then each UAV only has 4 hours to fly to the key area to patrol and return. Then the effective patrol path length of UAV is:
Sp=v*4-D_1* ||X-P||
Among them, v is the flight speed of the UAV, v = 60 km/h, X is the central position of the area where the UAV cruises, ||X-P|| is the Euclidian Distance from area X to take-off point P, and D_1 is the length between the two cells after merging.

The path length S for cruising each circular area can be approximately expressed as follows:
S=〖（M-1）〗^2   *D_1
Then the flight trajectory of UAV can be regarded as three parts: take-off point to key area, area patrol and area return. The path of each UAV can be calculated by iteration algorithm, and the minimum number of UAVs needed can be calculated as 14.

Because of mountain barrier, some key areas can not be covered. According to the summary, the coverage rate is the following formula, in which S is the area of a key area:
P_S=(7S-1/2S-1/2S)/7S≈0.867=86.7%                     
As can be seen from the above calculation method, UAV patrol area setting, UAV parameters, patrol method setting all affect the number of UAVs.
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