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Abstract 
 
        This paper discusses the application of the Bees Algorithm to the solution of two common problems 
associated with a printed circuit board assembly machine, namely, feeder arrangement and component placement 
sequencing. Computational experiments show that the Bees Algorithm gives a significant reduction in assembly 
time compared to the results obtained with the Genetic Algorithm and Evolutionary Programming on a 
benchmark assembly task. 
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1. Introduction 

 
Printed Circuit Board (PCB) assembly is the 

process of placing electronic components of different 
shapes and sizes at specific locations on a PCB. In 
order to make full use of the high speeds of 
placement machines employed, various techniques 
have been applied to try and optimise their 
operations. In their simplest form, PCB assembly 
optimisation problems are similar to travelling 
salesman problems (TSPs). TSPs are combinatorial 
optimisation problems which are considered to be 
NP-complete [1]. The time needed to find an optimal 
solution to these types of problems grows 
exponentially with the problem size (e.g. the number 
of cities for a TSP or the number of components in 
the case of PCB assembly).  

Many intelligent optimisation techniques such as 
Genetic Algorithms (GAs) [2-6], simulated annealing 
(SA) [1], and Evolutionary Programming (EP) [1] 
have been proposed to solve the PCB assembly 
problem and are able to find near-optimal solutions 
efficiently. 

This paper discusses the use of the Bees 
Algorithm [7] to solve the PCB assembly planning 

problem. The Bees Algorithm is an optimisation 
algorithm that performs a combination of 
neighbourhood search and random global search in a 
way that mimics the food foraging behaviour of 
swarms of honey bees. The algorithm has been 
successfully applied to different problems including 
the training of neural networks for pattern 
recognition [8], the formation of homogeneous data 
clusters [9] and the generation of multiple feasible 
solutions to a preliminary design problem [10]. 

The paper is organised as follows. Section 2 
reviews the basic types of PCB assembly machines 
available and the assembly planning problems to 
which optimisation techniques have been applied. 
Section 3 describes the use of the Bees Algorithm to 
generate optimal PCB assembly plans. Section 4 
presents the results obtained. Section 5 concludes the 
paper.  
 
 
2. PCB Assembly 
 

Figure 1 is a generic representation of a PCB 
assembly machine comprising three parts: a feeder 
F1 (or an array of feeders F2 ) which supplies 



 

components, an assembly head H which picks up 
components from F1 or F2 and places them onto the 
PCB and a table T which carries the PCB. 

In a type-1 machine, a single feeder F1, possibly 
in the form of a magazine, provides components to a 
single assembly head H (there is no turret) at a fixed 
location in the horizontal X-Y plane. The head H 
also deposits components onto the PCB at a fixed 
point in x-y. The table T moves in the X-Y plane so 
that components are placed at the desired locations 
on the PCB. This type of assembly machine is the 
simplest and is normally adopted when only one type 
of components has to be placed. 

In a type-2 machine, the feeder (or feeder array) 
and the table are stationary (and hence the PCB is 
also in a fixed location). The single assembly head H 
(again, there is no turret) moves in the X-Y plane to 
carry components to the correct placement positions 

on the PCB. If an array of feeders is adopted, the 
machine can be used to place components of 
different types onto a PCB. 

A type-3 machine has a turret carrying multiple 
pick-up/placement assembly heads H. The centre of 
rotation of the turret is fixed in the X-Y plane. A 
feeder array F2 moves along the X-axis to bring the 
feeder with the required component to the fixed pick-
up location. The table T moves in the X-Y plane to 
position different points of the PCB, in sequence, at 
the fixed component placement location. Component 
pick-up and placement occur simultaneously after 
the correct feeder and the table have reached their 
designated positions and the turret has completed 
indexing the appropriate pick-up and placement 
heads. This type of machine can also place 
components of different types. 
 

 
 

Machine type Fixed in X-Y Moving in X or Y  
(or both) direction 

Type 1 F1 & H T 
a F1 & T Type 2 
b F2 & T 

H 

Type 3 H (turret mounted) F2 & T 

 
T: Table, F1: Single feeder, F2: Multiple feeders, H: Head 

Fig. 1. Generic representation of a PCB assembly machine.



 

PCB assembly planning involves two types of 
tasks: set-up management and process optimisation. 
In the context of planning for a single assembly 
machine with an array of feeders, set-up 
management can include arranging the allocation of 
components among the different feeders or, 
alternatively, the relative positioning of the feeders 
in the array, to help reduce assembly cycle times. 

Process optimisation for an assembly machine is 
usually a component sequencing problem. The aim 
of component placement sequencing is to optimise 
the movements of the table (in a type-1 machine) or 
the assembly head (in a type-2 machine). This 
problem could be viewed as a typical Travelling 
Salesman Problem (TSP) for which the objective 
function might be expressed as: 
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where N is the total number of components to be 

placed onto a PCB and D(C(i), C(i+1)) is the 
distance travelled by the table or the assembly head 
when moving from the placement position for 
component C(i) to the placement position for 
component C(i+1). (Note that the placement position 
for C(N+1) is usually taken to be the same as that for 
C(1), the starting position, as C(N) is the last 
component to be placed onto a given PCB.) 

As the cycle time is the real factor of interest in 
this problem, the objective function is usually 
rewritten as: 
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where V is the average speed of movement of the 
table or assembly head. 

In a type-3 machine which additionally has a 
moving feeder array and a turret carrying assembly 
heads, the total assembly time is defined as: 

 

(2)               
1

�
=

=
N

i
ittotalT

          
where N is the total number of components to be 
placed and  Ti, the time required to place the 

component C(i), is given by: 
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where: 

t1 is the time for the table to move from the 
location of component C(i-1) to the location of 
component C(i). (The location of C(0) is the starting 
position of the table.) 

t2 is the time for the feeder array to change the 
pick-up feeder from the feeder supplying component 
C(i+g) to that supplying component C(i+g+1). g is 
the number of assembly heads positioned between 
the pick-up and placement heads on the turret. 
C(i+g+1) is the component that is to be picked-up 
when component C(i) is placed onto the PCB. (As 
C(N) is the last component to be assembled onto a 
given PCB, C(N+g) and C(N+g+1) are the gth and 
(g+1)th components to be placed onto the next PCB.) 

t3 is the time taken by the turret to index the 
assembly heads by one position. Generally, indexing 
takes place one position at a time and always in the 
same direction.  

The reason for ti being max (t1, t2, t3) is that the 
placement of C(i) is completed only when the 
assembly head (or table), the feeder array and the 
turret have all stopped moving. 

The paper addresses the more complex, but also 
more realistic, problem of optimising both the 
arrangement of feeders and the sequence of 
placement of components to minimise the total 
assembly time Ttotal as given by equation (2). 
Previous researchers have applied a variety of 
techniques to the solution of this PCB assembly 
planning problem. The techniques used have 
included the GA [2-6], EP [1], the minimal spanning 
tree technique [11], and rule-based expert systems 
techniques [12]. Of these four techniques, the GA 
and EP seem to be the most popular due to their 
simple implementation and robustness against local 
optimum traps. This paper gives a comparison of the 
results obtained by other researchers using the GA 
and EP on a benchmark PCB assembly planning 
problem and the results of applying the Bees 
Algorithm to the same problem. 
 
 
3. Application of the Bees Algorithm to a 

benchmark problem 
 

3.1 The Bees Algorithm 

 



 

Table 1 
Parameters of the Bees Algorithm 
 

Value 
Bees Algorithm parameters Symbol Completely random 

initial population 
Seeding initial population 

with a good solution 
100  

(1st iteration only) 
100 

(1st iteration only) Population size n 
n = m 

(for iteration 2 onwards) 
n = m 

(for iteration 2 onwards) 
Number of selected sites m 20 20 
Number of recruited bees for 
best m sites nep 50 50 

Number of iterations itr 160 100 
 
The main features of the Bees Algorithm used in 

this work are shown in table 1. For the meanings of 
the different parameters, refer to [7]. Each bee, 
which represents a potential feeder 
arrangement/placement sequence for a PCB, 
comprises two parts, one relating to the feeder 
arrangement and the other to the placement 
sequence.  

Scout bees are normally created by randomly 
generating feeder arrangements and placement 
sequences and checking that they are valid. A valid 
feeder arrangement would be a permutation of feeder 
labels, each corresponding to a particular feeder and 
component type. For example, label A might 
correspond to feeder A which supplies 100KW 
resistors.  The number of labels in a valid feeder 
arrangement would be equal to the number of feeders 
in the assembly machine. 

A valid placement sequence would also be a 
permutation of labels. Each label represents a 
placement position on the PCB, the total number of 
labels (i.e. the length of the sequence) being equal to 
the number of placement positions. 

In addition to scout bees, follower bees are also 
created to explore the neighbourhoods visited by the 
scout bees. The neighbourhood operators adopted in 
this work for this purpose are 2-opt and insertion. 
Figure 2 shows the application of these operators to a 
closed sequence of five positions. 2-opt involves 
randomly breaking the sequence into two paths. The 
visiting order of the positions on one of the paths is 
then reversed before the two paths are reconnected. 
The insertion operator breaks up the sequence by 
removing the section between two randomly chosen 
positions, inserting that section at a randomly 
selected point while preserving the visiting order of 
the positions on the inserted section, and then 
reconnecting the sequence.  

Original closed sequence:    C B E A D (C) 
Broken-up sequence:     C B  ---- EA 
D 
Path 1:        C B 
Path 2:        E A D 
Path 2 (after reordering):    D A E 
Re-connected sequence:     C B D A E (C) 

 
(a) 2-opt 

 
 

Original closed sequence:    C B E A D (C) 
Sequence after removal of section (BE):  C A D (C) 
Sequence following insertion of (BE) 
after point A:       C A B E D (C) 

 
(b) Single-point insertion  

 
Fig. 2. Neighbourhood operators. 

 
3.2 A benchmark  problem 

 
The problem used to test the ability of the Bees 

Algorithm to perform PCB assembly planning for a 
type-3 machine is detailed in [12]. For this problem, 
the number of components to be placed onto a PCB is 
50 and there are ten feeders, each supplying a 
different type of components. The coordinates of the 
placement positions and the parameters of the 
assembly machine (speeds of movement of the table 
and assembly heads and indexing time of the turret) 
are given in [12]. 

The problem was solved in two ways, one with 
the initial positions of the scout bees chosen 
completely randomly, as described before, and the 
other, with one of the scout bees assigned to a good 
site. The location of that site was found by optimising 
only the component placement sequence thus treating 
the problem as a simple travelling salesman problem. 



 

4. Results 
 
Figure 3(a) shows the evolution of the best 

assembly time as the operation of the Bees 
Algorithm progresses for the case without using a 
good starting solution (without “seeding”). After 160 
iterations, the best assembly time was found to be 
25.92 seconds. The corresponding component 
placement sequence is shown in Figure 3(b). 

For the case with seeding, the seed used was a 
sequence giving an assembly time of 29 seconds (see 
Figure 4(a)). 

Figure 4(b) shows the evolution of the best 
assembly time and Figure 4(c), the optimal sequence 
after 100 iterations which had an assembly time of 
24.08 seconds. 

For comparison, table 2 presents the above 
results by the Bees Algorithm against those produced 
by other researchers for the same problem using the 
GA and EP. 

 

 
 

(a) Evolution of best assembly time 
 

 
(b) Optimal assembly sequence after 160 iterations 

 
Fig. 3. Results for case 1 – Without seeding. 

 
 

(a) Assembly sequence used as a seed 

 
 

 
 

 
(b) Evolution of best assembly time  

 

 
(c) Optimal assembly sequence after 200 iterations 

 
Fig. 4. Results for case 2 – With seeding. 



 

Table 2 
Results obtained using different algorithms 

 

 
  
  
 
 
 
5. Conclusion 

 
This paper has described the application of the 

Bees Algorithm to the optimisation of pick-up and 
placement sequences for a PCB assembly machine. 
For a benchmark assembly problem, the optimal 
assembly time of 24.08 seconds obtained by the Bees 
Algorithm was shorter by 6% compared to the best 
assembly time (25.5 s) reported in the literature so 
far. If the assembly machine were used continuously, 
24 hours a day, 365 days a year, such a saving in 
assembly time would represent an annual increase in 
production of some 72,000 PCBs. 

Note that the reduction in assembly time 
achieved by the Bees Algorithm was at the expense 
of a high number candidate solutions which had to 
be generated and evaluated (the number of 
evaluations in table 2). Although this is not a serious 
issue in practice because optimisation usually needs 
to be carried out only once for each PCB assembly 
planning problem, work is in progress to improve the 
efficiency of the Bees Algorithm allowing it to find 
optimal assembly sequences in times comparable 
with those for the best reported cases in the 
literature. 
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