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Abstract: This document proposes a discussion of Calculating method of UAV delay in complex patrol environment.
1. Overview

Unmanned aerial vehicles (UAVs) with basic anti-collision functions are set up to perform flight tasks in medium-sized cities. For power patrol scenarios, the urban include six-storey residential buildings (15-18 meters), 13-storey government and administration office buildings (36-39 meters), 30-storey residential buildings (85-100 meters), and 35-storey office buildings (110 meters-130 meters). Trees are planted in the buildings, billboards are set up in commercial areas and balconies are set up in residential buildings. For oil pipelines patrol scenarios, in areas with forests along the pipeline, trees cover the air above the pipeline. Oil leakage and pipeline cracks can only be found after the accident.
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2. Basic model setting
The effective observation range of UAV during patrol inspection is set at the target elevation of 60 degrees. Power lines are 5, 10, 15, 20 meters high. The oil pipeline needs wildlife to pass through, so the height of the pipeline should be 3-3.5 meters (above the shoulder height of adult elephants), 9-10 meters (above the head height of adult giraffes) and 0.9-1.5 meters (above the shoulder height of adult bears) according to the distribution of wildlife. Set the relative ground altitude of UAV flight be H. The relative ground height of the target is h, and 5, 10, 15, 20, 3-3.5, 9-10, 0.9-1.5 meters can be selected according to different scenarios.
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When UAV is flying along the power line, its flying altitude can be calculated according to the width of the road, in order to avoid collision and satisfy the most effective observation coverage. UAV should fly along the middle line of the road as far as possible. Set W is the effective inspection width. At present, the width of the common road is not less than 40 meters for expressway, 30-40 meters for main road, 20-24 meters for secondary road and 14-18 meters for branch road. So according to Pythagorean Theorem, the formula can be used:


W/2=(H-h)/ √(3),

H=h+√(3)W/2,

W ranges from 14 to 40 meters, and if h = 15, then based on calculation, UAV patrols at some point in the air at a height of 21.1 to 49.6 meters. According to the range of h, the flight altitude H of UAV is 7.0-54.6 meters.

This range spans the outer decoration layer, green layer, municipal infrastructure layer, etc. There are more space obstacles. The possibility of start of anti-collision radar is very high. The UAV has a certain turning radius according to flight speed. AI will optimize the path by means of airborne high definition zoom camera, infrared camera, night vision camera, 4-way 4K full-angle camera data acquisition, lidar and other means, in order to avoid the offset of scheduled route with the inaccurate satellite positioning in building-intensive areas, and often reduce the flight speed. Let the flight speed of UAV be V, V = 60 km/h, i.e. the flight distance in one second is 16.7 M. Street width W ranges from 14 to 40 meters, so aircraft need to calculate the correct path in a short time.
3. Time delay calculation
Set the data acquisition time of UAV is tcl, the data transmission time of uplink is tul, the processing time of AI is tre, the transmission time of downlink control message is tdl, and the UAV analytical time of control data is tde. Then the end-to-end delay is tcl+tul+tre+tdl+tde.

The frame rate of 4K camera is 25-30FPS, let tcl+tul+tre+tdl+tde=8.33-10ms. When UAV transmits a picture to AI side, if AI cannot issue control instructions within 8.33ms-10ms, the position of UAV will be offset more than 0.14m when UAV receives control instructions. Position offset may cause UAV to slow down if starting anti-collision system.

Therefore, the end-to-end delay should be less than 8.33ms.

If V = 20 km/h, i.e. 1 second flight distance is 5.55 meters, the position of UAV will be offset more than 0.04 meters when UAV receives control instructions. End-to-end delay should be less than 24.99ms.

According to the above calculation method, the 50ms delay will bring 0.83m position offset for the UAV flying at 60 km/h.
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