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Abstract: The ever-increasing numbers of UAVs and their free-flying route planning have brought great challenges to
national aviation safety. In order to build a safe and efficient aviation flight environment, it is possible to establish an
isolated airspace for the UAV activities, and also plan UAV low-altitude public air routes within it. If established, this
would increase safe airspace utilization and provide a decision-basis for UAV traffic management. Taking full account
of the geographic characteristics of near-surface flight and the near-instant messaging capabilities of UAVs, this study
built a low-altitude flight environment for UAVs in Tianjin, China based on multi-source geospatial data using
geographic information technologies, and constructed a low-altitude public air route network using an improved Ant
Colony Optimization (ACO) algorithm. The study had five major components. Firstly, we developed a path-searching
model by improving the traditional ACO algorithm from search space and local target selection. The improved
algorithm can be used to search paths in eight directions along a line between the start and end points in order to
shorten the search time, and the search radium was determined by an obstacles ratio. Then, local target selection was
optimized by introducing evaluation function of A* algorithm and random roulette method. Secondly, we compared the
calculating efficiency and path length between the traditional algorithm and the improved one, and found that the
improved algorithm was three times more efficient and shorter than the traditional one. Thirdly, the low-altitude flight
environment for UAVs included a cellular network, and climatological condition and airspace-policy can be taken into
account. The cellular network environment was determined by the distribution of mobile communication base stations
and signal attenuation principles. Climatological conditions included wind shear, thunderstorms, glaciation, and low-
visibility weather events, and all of which have a significant impact on UAV flight safety. The airspace-policy factors
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included populated areas, key buildings, and civil airport clearances. Fourthly, we constructed a digital low-altitude
airspace by establishing UAV flight principles within air routes and quantifying a grid cost for each kind of constraint.
Lastly, the fifth component is verifying the outcomes’ reliability by comparing air-route length with the most
realistic distance that the UAV currently exhibits. In summary, we found that the improved algorithm greatly
shortened search time, and reduced path redundancy. The air-route lengths also comply with the farthest-distance
requirement for UAVs currently on the markets. The study described basic ideas and key technologies of the
UAV's low-altitude public air route research and can provide the core technical support for the UAV control systems.
Key words: UAV; low-altitude airspace; low-altitude public air route; improvement of the ant colony algorithm;
algorithm application; Tianjin City
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Fig. 3 Flowchart of the improved ACO algorithm
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Fig. 4 The drone-port layout and part of the grid cost of low-altitude airspace environment in Tianjin
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Tab.3 Length for each UAV low-altitude public air route in Tianjin
T Bl [ YSELta S MBS KSR W cbr i /km HZRHEB/km
1 L (117°26' E,40°01' N) FHLX (117°25' E, 39°36' N) 56.58 45.54
2 i (117°26' E,40°01' N) RIEX (116°58' E,39°34' N) 97.08 63.80
3 i £ (117°26' E,40°01' N) T A (117°39' E,39°23' N) 114.16 72.42
4 RIFX (116°58' E,39°34' N) FEHRIX (117°25' E, 39°36' N) 59.97 38.85
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8 FIRX (117°25'E,39°36' N) JRX (117°10' E,39°16' N) 67.84 43.02
9 FHLX (117°25' E,39°36' N) kX (117°37' E, 38°56' N) 102.01 75.45
10 T H (117°39' E,39°23' N) R (117°10' E, 39°16' N) 72.61 43.47
11 TR (117°39' E, 39°23' N) PR IX (117°51' E,39°15' N) 41.42 22.48
12 T (117°39' E,39°23' N) X (117°37' E, 38°56' N) 63.52 48.90
13 T (117°39' E, 39°23' N) HER X (117°23' E, 38°58' N) 78.16 52.12
14 JERIX (117°10' E, 39°16' N) HIX (117°07' E, 39°02' N) 42.05 26.05
15 HIX (117°07" E,39°02' N) a3 (116°58' E,38°52' N) 31.30 2291
16 HFIX (117°07' E, 39°02' N) HEIX (117°23' E, 38°58' N) 32.80 24.64
17 P IX (117°51' E,39°15' N) X (117°37' E, 38°56' N) 60.39 39.74
18 Hg X (117°23'E, 38°58' N) Kb X (117°25' E, 38°48' N) 26.91 17.94
19 a3 (116°58' E, 38°52' N) KX (117°25' E, 38°48' N) 45.00 39.63
20 P IX (117°37" E, 38°56' N) KitsIX. (117°25' E, 38°48' N) 36.51 23.94
it 1237.48
F4 RETHITANMMEIFNIEIREE
Tab. 4 Values of assessment indexes for UAV air routes network in Tianjin
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