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Abstract - In this paper, a hybrid Bee Swarm Guidance (BSG) is developed as an autonomous method. This study focuses 

on considering nature-based optimal formation guidance for multiple systems. Vehicles able to exchange information with 

others, according to bee inspiration as an optimal methodology based on optimality of nature. Results show the precise 

ability of the proposed method. 
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I. INTRODUCTION 

 

Millary and Zachari applied the theory of partially 

Markov decision processes to design of guidance 

algorithms for the motion of robots. They use on-

board sensors for tracking ground targets. Also, they 

introduce a new approximation method called 

nominal belief-state optimization [1]. Han and Bang 

investigated proportional navigation guidance law to 

avoid collision based on the optimal method [2]. In 

2006, autonomous operation was demonstrated for 

vehicles by Ma and Stepangan [3]. Eng and Mejjas 

described the status of a program to develop an 

automated landing system. From their studies, it was 

believed that the decision processes were considered 

to utilize human expert knowledge and fuzzy logic 

[4]. Also, the multi objective genetic algorithm was 

used to simplify the optimal determination of fuzzy 

logic controller parameters based on an efficient cost 

function [5]. One of the most valuable researches in 

the field of autonomous vehicles was demonstrated 

by Bitam and Mellouk [6]. Their research is belonged 

to vehicular Ad hoc Networks (VANETs). They 

presented a hybrid bee swarm routing (hybr) protocol 

for environmental changes in real-time. A Road 

safety service by transmitting packets with safe 

packet delivery in minimum-time by bee algorithm 

guidance in two dimensions was researched. In this 

work, a new guidance according to the optimal bee 

algorithm nature-based phenomena is derived. The 

results according to the mentioned methods are 

proposed to show the ability of mentioned method for 

three dimensional robots. 

 

II. NOVEL OPTIMAL GUIDANCE FOR 

AUTONOUMOUS VEHICLES BASED ON BEE 

ALGORITHM  

 

In the bee algorithm there are two main parts as food 

sources and bees (or robots). In this work bees are 

considered as vehicles. Bee algorithm generates an 

initial population of food sources randomly like the 

other swarm optimization algorithms. The initial food 

sources are considered within the search space that 

considered by the predefined minimum and 

maximum bounds. In this work, three bounds are 

considered as goals within them.  

     min max min max min maxX X ,X , Y Y ,Y , Z Z ,Z  

 

(1) 

 

Global cost function result and its path is destination 

or place that we want from our mission. For an 

example, if the mission is a recue mountain climbing 

for injured man/woman, the main food source or 

global cost function is the injured place and its path 

should be obtained by robots. 

 

III. OPTIMAL GUIDANCE ALGORITHM 

REGARDING BEE ALGORITHM 

 

There are three types of bees in the bee algorithm as 

worker, onlooker and scouts. Worker bees have the 

initial roles randomly. In this work these bees are 

considered as robots. Robots are distributed based on 

the bellow method. This part is not the first iteration 

in the bee algorithm. However, one can name this 

iteration as zero iteration and after all robots have 

random situations to complete the bee algorithm. 

Therefore, for the zero iteration or zero distribution of 

robots next method is considered. In this way, 

vehicles have directions and speeds that construct the 

velocity vectors of vehicles. Moreover, X*, Y*, Z* 

are considered as the ground station positions. After 

the zero motion, they sense the next positions that 

their random motions in the bee algorithm start from 

these positions as (X**, Y**, Z**). 

 

Next, bounds of domains are achieved and named 

as 1 2 3, ,  
 (see the bellow equations and figure).  

1max minX X  
  (2) 

2max minY Y  
 (3) 

3max minY Y  
 (4) 

Furthermore, X**, Y**, Z** are derived based on the 

bellow equations. 
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Figure 1:  Schematic Three Dimensional Bounds. 
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In the above equations, 2

irand



 demonstrates a 

random position smaller than  1 2 3i i , , 
.  

 

Finally,

**

jX
,

**

jY
, 

**

jZ
 are demonstrating the zero 

position of j robots in the main domain. Now, the first 

positions of robots are achieved randomly according 

to the idea of swarm algorithms (see figure (2))  

 

 
Figure 2: Schematic of random positions of vehicles in the 

considered domain 

 

 
Figure 3: diagram of novel proposed guidance based on bee algorithm 

 

Next, the novel proposed bee algorithm guidance is 

illustrated to achieve the global cost function or the 

main destination.   Bee algorithm part in the 

mentioned guidance consists of two parts. First part is 

belonged to the food sources that considered as cost 

function. One can find the best food source or global 

cost function from others. The next part of the bee 

algorithm are bees which evolved by three groups of 

bees. These artificial bees are including employed 

bees (worker bees), onlooker bees and the gold bees 

or scout bees.  

At first, employed bees search for specific food 

source or destinations, which memorize the positions 

of food sources. Next, the new food sources are 

updated and shared with onlooker bees. Usually, 

onlooker bees search for a better food sources or 

goals (in guidance, it is considered as destinations). 

The third role of bee algorithm belongs to the scout 

bees when a food source is not improved after a limit 

number of searches. Therefore, a new and the best 

food source will be achieved by gold or scout bees to 

replace them. Scout bees help algorithm to find the 

global cost function (or main destination) and search 

all defined domain.  

Employed bees for each food source generate a new 

motion to search food source and its neighborhood 

randomly. 

 

 j j j j j

n n n n kx x x x  
  

(8) 

 j j j j j

n n n n ky y y y  
 

(9) 

 j j j j j

n n n n kz z z z  
 

(10) 

When
 1 2 3j , , ,...,N

 , N is the number of 

robots. K index denotes random neighbor food 

sources that may help to update food source and n  
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Figure 4: Three dimensional random initial motion of robots 

 

demonstrate the iteration in the bee algorithm. 

j

n  is 

a randomly value ranging in 
 11,

that cause 

random motions. 

One of the most important phenomenons in the 

characteristics of bees is nutation dancing. When 

employed bees return to hive, bees have nutation 

dancing. When employed bees return to hive by their 

special dancing, they transform the information of 

food sources to onlooker bees. Then, the selection of 

food sources by onlooker bees are detonated by Pn.   

1

n
n N

m

m

fit
P

fit





 

(11) 

 

The quality of the candidate solution as food source is 

demonstrated by fitn. In this way, robots can transfer 

their information and new robots with full fuel and 

better information from destinations return to the 

bounded domain. Finally, it may be some food 

sources that cannot be searched by employed and 

onlooker bees. In this way, based on number of limit 

(one of the tuning parameters of bee algorithm) scout 

bees are sent to search. This scout bees help 

algorithm to find new and not searched food sources 

or destinations. It means this algorithm can overcome 

difficulties of finding global cost function or main 

destination. It is one of the advantages of bee 

algorithm that used as novel guidance for robots. In 

resent year’s, bee algorithm is considered as 

optimization method. However, not only the main 

idea of this algorithm is considered as new nature-

based method but also it is considered as a novel 

guidance method which is naturally optimal for 

distributed vehicles and robot three dimensionally.  

 

IV. CONCUSION  
 

In this work, one of the important outcomes of this 

research is a hybrid Bee Swarm Guidance (BSG) to 

increase the ability of robots as autonomous guidance 

method three dimensionally. Therefore, this study 

focuses on considering a nature optimal formation 

guidance problem for multiple un-manned systems as 

robots. Robots have ability to change with others. 

According to the bee algorithms as optimal 

methodology optimal nature-based methodology is 

derived.  
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