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Abstract. The paper presents application of ant colony optimisation 
algorithm for scheduling multi-resources operations in flexible job shop 
type of production systems. Operations that require the participation of two 
or more resources are common in industrial practice, when planning are 
subject not only machines, but also other additional resources (personnel, 
tools, etc.). Resource requirements of operation are indicated indirectly by 
resource groups. The most important parameters of the resource model and 
resource groups are also described. A basic assumptions for ant colony 
algorithm used for scheduling in the considered model with multi-
resources requirements of operations is discussed. The main result of the 
research is the schema of metaheuristic that enables searching best-score 
solutions in manufacturing systems satisfying presented constraints.  

1 Introduction 

Efficient organization of production flow, setting achievable plans and efficient use of 
available resources is one of the basic assumptions of a successful enterprise. Detailed 
scheduling of production processes improves coordination of activities in this area. In 
particular, it allows assessing the capacity of production resources for given constraints, 
precisely define the amount and dates of realization of the orders received, etc. However, 
the growing level of complexity of the issues in the production planning and control, and 
the dynamics of changes resulting from the interaction with the environment significantly 
hinder making the right decisions and motivate the use of efficient methods and software 
tools.  

There are many methods for supporting the process of scheduling; among them we can 
distinguish methods which guarantee finding the optimal solution and approximate meth-
ods, heuristics, which do not give such a guarantee. Optimal methods are dedicated for 
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precisely defined tasks structure and system configuration, with specific constraints and 
criteria. Hence, only a small percentage of problems can apply them in practice. 

More attractive in practical applications are approximate algorithms and methods using 
heuristics, metaheuristics [1] and fuzzy logic [2,3] and simulation tools [4,5]. Abandoning 
the determination of optimal solutions for sufficient solutions provides an acceptable time 
for determination of a satisfactory solution and the ability to analyze more complex models 
[6,7]. Among metaheuristics, promising results are obtained by using swarm intelligence 
methods. Swarm intelligence (SI) deals with the implementation of rules of collective be-
haviour of small beings from biological systems. In this paper we focus on the ant colony 
and their behaviour when searching for a food – characterized by decision-making decen-
tralization and self-organization.  

The implementation of ant colony algorithm in scheduling domain is the subject of 
many works [8, 9, 10, 11]. In many cases authors proposes some extensions dedicated for a 
special kind of scheduling task’s model: flow configuration, constraints etc. In [12] a sim-
ple resource levelling approach used for scheduling projects with multi-mode execution 
activities is proposed. Modified ACO approach for a multi-constraint (precedence and re-
sources constraints) project scheduling problem is described in [13]. In [14] they implement 
Elitist Ant System algorithm with Job Shop Scheduling Problem. Improving the basic ant 
system is also proposed in [15], where a pheromone alteration strategy that utilizing the 
behaviour of artificial ants to perform local search is introduced. ACO algorithms can also 
effectively solve the scheduling problems with employee allocation [16] and multiple ob-
jectives [17,18]. An ant colony optimization approach (ACO) is also widely used for the 
shop scheduling [19-23] resource-constrained scheduling (RCS) and resource-constrained 
project scheduling problems (RCPSP) [24]. Novel operation scheduling algorithms using 
the ant colony optimization approach for both timing-constrained scheduling (TCS) and 
RCS is proposed in [25]. The combinations of two pheromone evaluation methods are dis-
cussed in [26]. 

2 Issue description 

The considered scheduling problem can generally be formulated as follows: given is the 
flexible job shop type manufacturing system. The set of available resources production R is 
given by: R = {Ri, i=1,…, m}, where: Ri - i-th resource m - the number of all available 
resources. Resources may have a different level of specialization (machines and 
equipment), skills and abilities (human resources) as presented in [27]. The tasks for the 
system are represented by a set of orders. A production order is described by a set of 
operations, with given precedence relationships. An operation requirements regarding to 
resources are formulated indirectly, through resource groups:  

 GRz = {GRzs, s = 1,…,mg}, (1) 

where: GRz – set of resource groups, mg – size of this set, GRzs – s-th resource group.  
The resource group is understood as a set of unrelated, parallel resources, enabling the 

execution of a certain number of treatments of a particular operation. The need for the 
required number of competences groups and the required number of resources from these 
groups are defined separately for each operation. A single production resource Ri 
(renewable, discrete) is described by: 

 Ri = (ci, kji, LwGRi, Kab),  (2) 

where: ci - capacity, kji – unit cost, LwGRi – list of resources groups, Kab – b-th working 
timetable.  
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The capacity of the resource indicates the maximum number of concurrently executed 
tasks. A resource with a capacity greater than 1 is a resource that can process more tasks 
simultaneously. Unit cost of resource is a parameter used in determining the cost of the in 
the given route. List of groups determines the ability to perform treatments/operations or 
groups of operations. The level of resource competence in a given group is determined by 
priority factor. Working timetables describe availability of the resources to perform 
operations. Resources can operate according to the same or different working timetables. In 
presented model, the problem of finding a feasible schedule that meets all hard constraints 
and best meets time and cost based criteria (as soft constrains) is considered.  
 
3 Ant colony optimisation algorithm 

Proposed method of determining solution is based on ant colony optimisation 
metaheuristic. Proposed algorithm attempts to imitate natural, collective behaviour of ants 
in the anthill environment when they search and collect food [10,22,26]. In particular, the 
following characteristics of this kind of swarms are taken into account:  pheromone trail 
and the strength of its impact for ants move, evaporation of the pheromone over time and 
trend for finding the easiest path to food. 

A general scheme of ACO algorithm is shown in Figure 1. The base of searching is a 
directed and/or type graph of operations, describing precedence relationships between all 
planned operations [7,27]. This graph is created from given production orders and enables 
defining complex processes, containing machining and assembling/disassembling 
operations and their multi-routes structures. At the beginning, initial values of parameters 
affecting the way of searching for solutions are set: the pheromone trail τ, pheromone 
evaporation factor ρ, and α, β – parameters representing importance of pheromone (global 
heuristic) and importance of calculated distance between given node and allowable 
successors (local heuristic), respectively. The number of iterations and/or stop conditions 
should be also defined. Population of ants may be fixed or variable in subsequent iterations. 
Each ant generates one solution by passing through the graph of operations. Beginning 
from the first node, the set of eligible successor nodes (E) is updated. Given operation is 
assigned to this set only if all its predecessors are visited. The ant chooses the next 
operation probabilistically. The value of the probability of the v node selection starting 
from the node u is calculated as follow [8,10]:  
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where: Sk – the set of eligible nodes, w – the id of node, τ(u,w) – the current amount of 
pheromone of transition u → w, η(u,w) – the distance (local attractiveness) of transition  
u → w.  
The distance is calculated separately in each decision situation, depending on selected 
parameters connected with an operation:  

 )(),( ccTeTeTbTbtt dedededefwu   (4) 

where: dx – distance based on processing time (dt), beginning time (dTb), end time (dTe), cost 
(dc), ex – weights, respectively. 
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Fig. 1. The scheme of ACO algorithm. 

These parameters are used for searching resources in required operations groups using 
local heuristic. An example of a single operation scheduled with requirements of resources 
groups is presented in Figure 2.  
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Fig. 2. The distribution of the single operation between resources groups. 

The operation has following characteristics: processing time t=7, divisibility = true, re-
source requirements (resources group, required amount of resources): (1,2), (2,2), (3,1). 
Resources have limited availability, white bars in Gantt chart means that a resource is busy. 
Because of lack of required number of two available resources from the group 1 in 2-4 time 
interval and from the group 2 in 6-7 operation should be temporarily suspended.  

After selecting an operation the set E is updated (selected operation is removed and new 
eligible are added). Obtained solution is positioned in the ranking list. When all ants from a 
given iteration have built complete schedules the Stop conditions are checked. Both quality 
and time based criteria can be used there. If the Stop conditions are not satisfied the subset 
of schedules are selected for updating pheromone. The rule of updating pheromone is as 
follow [10,12,17]: 

 ),(),()1(),( 1 wuwuwu bii    (5) 

where: ),( wub  - indicates the amount of pheromone adding to the edge (u,v) calculated 

proportionally to the value of solution in the set of best solutions.  

Summary 

The article presents the ant colony optimization algorithm dedicated for extended 
scheduling model related to distribution of operations on greater number of resources. 
Although ACO do not guarantee finding optimal solutions, this kind of metaheuristics, 
classified to widely understood swarm intelligence, is an effective tool for searching 
feasible solutions in computationally hard tasks, such as NP-complete problems.  

The presented method can be used for scheduling both machining and assembly opera-
tions of production processes, in which the limited resources belong to different groups of 
resources (machines, human resources with different competences, tools etc.) and require 
simultaneous assignment to the operation. It is also be useful when resources have to be 
exchanged during long-time operations, e.g. in shift work or in a hazardous environment. 
The area of potential applications of the proposed approach is also in operations where the 
number of resources from particular resources groups does not have to be constant and The 
duration of the operation may be vary depending on the number of working resources.  

The results obtained are a promising alternative for exploring the space of possible solu-
tions in scheduling of manufacturing systems. Software implementation, as an extension of 
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KbRS scheduling system [28] functionality, and performance testing of the presented algo-
rithm is provided for further research.  

References 

1. R.-H. Huang, Ch.-L. Yang, Int. J. Production Economics 115, 163–170 (2008)  
2. M. Diering, K. Dyczkowski, A. Hamrol, Advances in Intelligent Systems and 

Computing, 368, 415–425 (2015). 
3. M. Diering, K. Dyczkowski, IEEE International Conference on Industrial Engineering 

and Engineering Management, 2016, 228–232 (2016) 
4. D. Krenczyk, M. Jagodzinski, Advances in Intelligent Systems and Computing, 368, 

451-461 (2015) 
5. A. Kampa, G. Gołda, I. Paprocka, Computers 2017, 6, 10, 1–12 (2017) 
6. D. Lei, Int J Adv Manuf Technol 43, 926–938 (2009)  
7. K. Kalinowski, M. Zemczak, Advances in Intelligent Systems and Computing, 368, 

475-483 (2015)  
8. B. Chandra Mohan, R. Baskaran, Expert Systems with App 39, 4618–4627 (2012) 
9. X. Li, X. Shao, L. Gao, W. Qian, Int. J. Production Economics 126, 289–298(2010) 
10. M. Dorigo, V. Maniezzo, A. Colorni, Proceedings of ECAL91 – European Conference 

on Artificial Life, Elsevier, 134-142, (1991) 
11. C.W. Leung, T.N. Wong, K.L. Mak, R.Y.K. Fung, Computers & Industrial 

Engineering 59 166–180 (2010)  
12. M. Garmsiri, M. R. Abassi, J. of Industr. Eng. Intern., 8:7, 1-9 (2012) 
13. R.-M. Chen, S.-T. Lo, IJCSNS Int. J. of Com. Sci. and Net. Sec., 6,11, 75-84 (2006)  
14. E. Flórez, W. Gómez, L. Bautista, International Journal of Artificial Intelligence & 

Applications (IJAIA) 4, 4, (2013)  
15. M. Ventresca, B. M. Ombuki, Tech. Rep. N° CS-04-04, Department of Computer 

Science, Brock University (2004) 
16. W.-N. Chen, J. Zhang, Trans. on Soft. Eng. 39, 1, 1-17 (2013) 
17. B. Yagmahan, M. M. Yenisey, Expert Systems with App 37, 1361–1368 (2010)  
18. R.H. Huang, Ch.L. Yang, Int. J. Production Economics 115, 163– 170 (2008)  
19. S.G. Ponnambalam, N. Jawahar and B.S. Girish, New Advanced Technologies, InTech 

(2010)  
20. G. Ćwikła, Manufacturing 2014: Contemporary Problems of Manufacturing And 

Production Management, Poznan Univ Technol, Springer, 44-56 (2014) 
21. A. Rossi, G. Dini, Robotics and Comp.-Integrated Manufacturing 23 503-516 (2007)  
22. Ch. Blum, M. Sampels, J of Mathematical Modelling and Alg. 3: 285–308 (2004). 
23. L.N. Xing, Y.W. Chen, P. Wang, Q.S. Zhao, J. Xiong, Applied Soft Computing 10 

888–896 (2010)  
24. Ch.-W. Chiang, Y.-Q. Huang, Third International Conference on Innovations in Bio-

Inspired Computing and Applications (2012)  
25. G. Wang, W. Gong, B. DeRenzi, R. Kastner, IEEE Trans. on CAD of Integr. Circ. and 

Syst., 26, 6, 1010-1029 (2007) 
26. D. Merkle, M. Middendorf, and H. Schmeck, Journal IEEE Transactions on 

Evolutionary Computation 6, 4, 333-346 (2002)  
27. K. Kalinowski, C. Grabowik, I. Paprocka, W. Kempa, IOP Conference Series; 

Materials Science and Engineering 95 1757-8981 (2015) 
28. http://imms.home.pl/kbrs - KbRS scheduling system [2017.03.30] 

 
 

    
 

DOI: 10.1051/, 06018 (2017) 71120601112MATEC Web of Conferences matecconf/201
IManE&E 2017

8

6




