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Abstract: This paper presents an analysis of the system configuration to optimize its dispensing / filling time in a robotic 
drug dispensing system while maintaining the system’s high accuracy and speed. A discrete simulation model has been 
developed to study a series of these automated dispensing / filling systems, and it has been identified that the filling process is 
a major bottleneck. To eliminate this bottleneck, different scheduling rules, such as highest priority first serve (HPFS), first 
come first serve (FCFS), shortest process time (SPT), and shortest total process time (STPT) methods, have been studied. 
Then, several system operation strategies are proposed to optimize the process such as using multiple machine arms and 
applying queue entry policy combinations. The results shows that optimal solutions can be achieved under different 
performance criteria, such as maximum outcomes, maximum machine utilization, and balanced load distribution. 
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1. Introduction 
 
In the past few decades, pharmaceutical industry has played a significant role in promoting higher quality patient 

care by reducing medication errors, increasing drug distribution accuracy, and keeping drugs dust-free (Knapp, 2002). With 
the rapid increase of both prescriptions volume and types, many pharmacies consider to manage their resource, such as 
pharmacists, medication, and facilities, in a critical place to bring the entire system together to increase the process’s 
efficiency (Papageorgiou et al., 2001). The central fill pharmacy is one of the common formats in this trend which can collect 
prescriptions from those various branch drug stores to its head drug fill facility to count, fill, package and sort orders. 

In this paper, robotic drug dispensing system, which is mainly used for automatic drug dispensing and filling in 
different medication dispensing areas to maintain high drug dispense speed and accuracy, is analyzed. Giving that it is an 
existing system, two optimization points are considered, the system’s bottleneck and system’s queueing entry rule. A discrete 
simulation model has been developed in the following section to show how the system performance will be obtained. Based 
on different queueing entry policies, two mainly queuing processes, counting waiting queue and filling waiting queue, are re-
designed to test the system’s performance to find an optimal queueing entry strategy. 

 
 

2. Queueing System Optimization 
 
Queueing system optimization is a typical topic that attracted many researchers to mine potential process capacities 

in different queueing situations. Based on previous studies, analysts from different backgrounds have applied various 
methods to optimize queueing systems. For instance, Kelly et al. (1998) gave an analysis of shadow prices, proportional 
fairness and stability in a communication network queueing system based on stochastic networks and convex optimization. 
Miller (2009) monitored a controlled Markov chain problem with a finite time interval and non-stationary input flow using 
dynamic programming. Zhang and Phillips (2001) analyzed and optimized a two-heterogeneous-server parallel appointment 
queueing process based on fuzzy control. Pardo and Fuente (2007, 2008 and 2009) also published a series of papers to 
analyze a fuzzy data set input source queuing system to determinate an optimal system service rate. In addition, heuristic 
methods are also applied in queueing problem solving. For example, Leachman and Gascon (1988) introduced a heuristic 
scheduling policy for unpredictable demands, multiple items, single-machine production systems; the scheduling policy gave 
a strategy of which items should be produced in a special period.  

Scheduling policy initially comes from operation management for assembly line and customer service system 
planning (Nahmias, 2003). It is one of the beneficial strategies to optimize queueing systems by just changing some basic 
entry logics sometimes in order to promote system performance.  There are a lot of scheduling policies in different situations, 
but there are several rules that are commonly used, such as  First Come First Served (FCFS), Shortest Process Time (SPT), 
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