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Abstract: Along recent years an approach of Artificial Locust Swarm Routing (ALSR) algorithm was developed for flights planning in 

Europe and for rules provided in EuroControl area of responsibility. Most researches were strictly related to IFR type of flights. However, 

there is a big area of interest in private aviation for short local flights under the top of VFR flight levels (FL195 and below). These flights 
have much specificity for planning and ALSR algorithm is found capable of solving these problems also, using this same idea of the 

algorithm like it was developed for IFR flights. One may see that the algorithm shows rather good results for such difficult area like Swiss 
Alps valleys and canyons. 
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1. Introduction 

Since invention of word ‗robot‘ [1] by Karel Čapek (and Josef 
Čapek) in 1920, when it was presented in his play ―Rossum's 

Universal Robots‖, the mankind had many achievements in 
development of robots. Now, after less than 100 years the ideas of 

fourth industrial revolution [2], smart factories, autonomous 
production, and autonomous machines are nearly implemented. 

However, there is still much left to discover in the area. 

Nevertheless, those fictional humanoids from Čapek‘s play and 
named robots, nowadays look not so fictional ones. Among those 

research areas giving life to modern autonomous and semi-
autonomous robots there is an orientation in space and path finding.  

If one would like to build and exploit a fleet of flying robots, or 
‗drones‘, for the purpose of manufacturing [3] or environment 

surveillance [4], then those drones should inevitably be capable of 
finding path between two points (departure and destination) in any 

space. And for sure it becomes very beneficial that someone already 

invented some algorithm for the path finding problem [5-9]. So, the 
drone may choose to simply use the shortest path algorithm or the 

algorithm to avoid obstacles on its way and how to consider the 
airspace it operates in [10-12]. It is worth mentioning that a huge 

boost to development in this area was given by Marco Dorigo and 
his natural algorithm approach [13-14]. Many of so-called nature-

inspired algorithms could be considered inspired by success of his 

now well-known ant algorithm. Among these nature-inspired 
algorithms one may find ABC (artificial bee colony) [15], BNMR 

(blind, naked mole-rats) [16], GOA (grasshopper optimization 
algorithm) [17], ALSR (artificial locust swarm routing) [18-20], and 

many others. 

However, most known path search algorithms are developed to 
serve on a topology that could be presented with a graph (even a 

planar graph). Typically, such algorithm and their implementations 
require having a predefined graph topology. Unlike to those 

approaches, the focus of this paper is on ALSR algorithm which 

implies being free of predefined graph topology. It is implemented 
here to VFR flight path search problem. Now we are to discuss 

some algorithm issues for the VFR flight planning and possible 
ways to overcome these issues. 

2. Prerequisites and means for solving the problem 

First, lets unveil the meaning of VFR flight planning problem. 

The VFR stands for ‗visual flight rules‘. According to  IFPS User 

Manual by EuroControl [21] the VFR flight could be performed at a 
good weather conditions on lower flight levels (typically below 

FL195) and often close to the terrain. In particular, we were 
investigating the case when the VFR flight should be performed in 

mountainous area (Alp mountains) along the canyon. The flight 
between LSMM (Meiringen, Switzerland) and LSZB (Bern, 

Switzerland) airports allows to search for a path along the canyon.  
The flight between LSZB (Bern, Switzerland) and LIPQ (Trieste, 

Italy) allows to consider flight through/around Alp mountains. 

Second, the data given for a VFR flight may contain one of the 
following limitations at bottom level: 

 grid MORA (minimum off-route altitudes), 

 terrain elevation. 

It is worth mentioning here, that grid MORA could give rather high 
flight level for a wide area above the terrain. This means that 

aircraft may fly safely without danger of crashing the ground or 

hitting the mountain. Unlike to this case, the terrain elevation could 
be a very realistic case for the crash due to proximity of the ground. 

While the full dataset of terrain elevations is huge, we make an 
assumption that the terrain could be divided into ‗squares‘  (0.5NM 

side) and each whole square has elevation of its center point (this 
grid could be something similar to grid MORA, but more detailed). 

Third, the VFR flight considers points, both published points (in 

Europe these points come in AIXM format [22]) and VRPs (visual 

reference points – landmarks used for position reporting by aircraft, 
typically some objects that could be visibly recognized by pilots). 

One may find VFR flight planning in some way similar to FRA 

flight planning, while there are no airways and direct segment 
(DCT) should connect two consecutive points on a route. However, 

the FRA (free route airspace) [23] is defined high above terrain and 
has no danger of collision with the ground above the bottom of the 

FRA. 

3. Solution of the examined problem 

Let‘s consider first the case of grid MORA and implementation 

of ALSR algorithm for path search in this case (Fig. 1 and Fig.2). 

 

Fig. 1 Path search with ALSR algorithm between LSZB and LIPQ airports: 

maximum DCT length 50NM and maximum FL 150. 

 

We search for the route from LSZB (Bern, Switzerland) to 

LIPQ (Trieste, Italy). The ALSR algorithm was provided with 
VRPs additionally to normal published points (both designated 

points and navaid points from AIXM data) and grid MORA to 

INTERNATIONAL SCIENTIFIC JOURNAL "MATHEMATICAL MODELING" WEB ISSN 2603-2929; PRINT ISSN 2535-0986

124 YEAR V, ISSUE 4, P.P. 124-127 (2021)



define a bottom level for the flight. At Fig.1. the maximum allowed 
length for DCT was set to 50NM and at Fig.2 there is a maximum 

allowed DCT length set to 30NM. 

 

Fig. 2 Path search with ALSR algorithm between LSZB and LIPQ airports: 

maximum DCT length 30NM and maximum FL 150. 

 

As one can see, both routes (Fig.1 and Fig.2) were found to go 

around Alp mountains. This case revealed ALSR algorithm ability 
to easily connect two airports and didn‘t require any serious 

modifications to the code. This case looks more like a FRA route. 

Next, let‘s see what happens in behavior of the ALSR algorithm 
for the case of terrain elevation used as a bottom level for the flight. 

The terrain elevation was defined within the grains (‗squares‘) of 

0.5NM×0.5NM. And cap for the flight was set to FL35 (see Fig.3). 

 

Fig. 3 Path search with ALSR algorithm from LSMM to LSZB airport: 

maximum DCT length 5NM and maximum FL 35. 

 

 

Fig. 4 Path search with ALSR algorithm from LSZB to LSMM airport: 

maximum DCT length 5NM and maximum FL 35. 

 

Analysis of the route at Fig.3 and Fig.4 revealed that route was 

built successfully (into both directions), however, the length of the 
DCT allows to jump over the mountain, which could be higher, than 

the maximum allowed level. So, the more detailed consideration of 

each DCT should be added. However, if the data for the grain center 

point (used as a grid point) does not consider maximum terrain 
elevation within the grain, then route may also ‗hit the mountain‘. 

This means the data of terrain elevations should be prepared very 
carefully. Unfortunately, the detailed consideration of each segment 

makes negative impact on time, that is consumed to find a route. 

It is also should be mentioned here that now there are too many 

points available for search of path between departure and 
destination airports, unlike to case with published points. It is both 

absolutely unrealistic and quite useless to consider the whole globe 
with terrain elevations at each square. The important step for the 

ALSR algorithm here is to cut only the relevant airspace area [24]. 
This approach was successfully used to reduce number of excessive 

points. 

The interesting question was whether ALSR algorithm is 
capable of finding path along the canyon. As one can see at Fig.5 

and Fig.6 the algorithm revealed some ‗rush state‘. This means 

before the route becomes smooth and leads to destination, it dashes 
aside to the points, which are considered closer to the destination, 

and fail to continue except going somewhere back. Despite of 
connecting departure and arrival airports, the route cannot be used 

for flight planning. Hence, the algorithm should be corrected to 
remove such ‗rush state‘ at initial stage of route. 

 

Fig. 5 Path search with ALSR algorithm from LSMM to LSZB airport: 

maximum DCT length 5NM and maximum FL 25. 

 

 

Fig. 6 Path search with ALSR algorithm from LSZB to LSMM airport: 

maximum DCT length 5NM and maximum FL 25. 

 

The solution for the problem was found in forbidding the 

algorithm to make sharp turns, like turns back. This really solves 
the problem, because the route becomes smooth without dashes 

aside. This could be explained by fact, that attempts in a ‗wrong‘ 
direction now fail and are not allowed to be used to continue. The 

results are presented at Fig.7 and Fig.8. The interesting thing is, that 

all those changes applied in algorithm made it find routes along 
canyon not only at FL25, but also at FL35, which was not observed 

before. 
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Fig. 7 Path search with ALSR algorithm from LSMM to LSZB airport: 

maximum DCT length 5NM and maximum FL 25. 

 

 

Fig. 8 Path search with ALSR algorithm from LSZB to LSMM airport: 

maximum DCT length 5NM and maximum FL 25. 

 

4. Results and discussion 

A custom software solution for the algorithm was developed 

using Microsoft Visual Studio 2015 in C++ programming language. 

Currently, an initial test of a locust swarm algorithm for solving 
routing problem was made as a plain routing with randomly 

generated topologies. Simulations were performed on a Dell 
Inspirion notebook (model no. 3737-5683) with Intel Core i7 

processor. The results were visualized using RocketRoute Flight 
Planning Center [25]. 

The Artificial Locust Swarm Routing (ALSR) algorithm in case 

of VFR flight with terrain elevation grid was found vulnerable to: 

 processing huge dataset of grid points – becomes very 

time consuming when working with hundreds of 

thousands of points, 

 very detailed consideration of DCT – becomes more time 
consuming to avoid collision with mountains, 

 ‗rush state‘ at initial stage – makes many unnecessary 
attempts to approach destination point and then stepping 

in backward direction. 

Fortunately, these problems were solved successfully with the 

following modifications of ALSR algorithm (these same changes 
are expected to be valid also for IFR/VFR flight with ATS 

network): 

1. Cutting the working area to search for path within 
relevant area of airspace. 

2. Limiting possible turns for the next step to less than 85 

degrees (preventing sharp turns and turns into backward 

direction). 

Experimenting with maximum allowed DCT length revealed the 
following behavior (which could be considered also as expected): 

 Shorter DCTs provides more curved path, but it requires 

more frequent points locations (some points could be 
located at distance, which is longer than maximum 

allowed DCT length, and this may cause to either a bad 
route or a failed routing). 

 Longer DCTs may cause a very unsmooth route line, 

which could be less optimal by distance (however, the 

route often could be found faster). 

While the algorithm showed good results for VFR flights with 
grid MORA bottom limit, the result with terrain elevation as a 

bottom limit had some concerns and drawbacks (mostly because of 

quality and quantity of data). Different attempts revealed ability of 
ALSR algorithm to connect departure and arrival airport. However, 

much attention should be paid to ratio of maximum allowed DCT 
length and distances between points within grid (especially in case 

of terrain elevation grid). 

5. Conclusion 

The problem of VFR flights planning was considered and 
ALSR algorithm implementation was investigated and discussed. 

Some vulnerabilities and issues of the algorithm were found, and 

solutions for the problems were offered. The changes made to the 
algorithm revealed its capability to steadily solve the core problem 

of connecting two airports (departure and destination). Two cases of 
defining bottom limit for VFR route were considered according to 

difference in datasets. For both cases the results were found 
satisfactory. 

While there was found a significant growth of time consumed 

for path search in case of terrain elevation grid, one may choose to 

make a precalculated routes and store them into database for further 
use. On practice it is a rare situation that terrain profile can change 

frequently from time to time. This means, the route can be re-used 
effectively from database (with respect to type of flying vehicle and 

its characteristics). Hence, some particular and independent 
algorithm for further increase of accuracy or more detailed path 

analysis can be developed. It can be applied later to a stored route 

which was generated with ALSR. 

The ideas and techniques of flight planning for VFR can be 
widely used in planning drone flights. However, instead of pilot 

eyes there could be used sets of sensors. Also, the ‗visual‘ sense for 
the drone can be enhanced with AI for ground objects recognition. 
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