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INTRODUCTION

One of the contemporary measures of the de-
velopment of production systems is an increas-
ingly widespread use of industrial robots [1]. The 
increase in robot implementation is mainly due 
to the benefits their use brings, such as increased 
efficiency and flexibility of production, increased 
safety, high-quality production, increased reli-
ability, and reduced production costs [2, 3].

The range of applications for robots in pro-
duction processes is very wide these days. Be-
sides standard transport operations, robots are 
more and more widely used in precision opera-
tions such as welding, painting and adhesive/glue 
dispensing [4, 5, 6].

Regardless of the robot use, task type and ro-
botic cell complexity, robotic processes must be 
analysed in detail. Practice shows that the per-
ception of robotization depends on the time af-
ter robot implementation (Fig. 1). Immediately 
after the decision of robot implementation there 

is enthusiasm resulting from the robotization of a 
given process; it is followed by a phase of prob-
lems, the solution of which ultimately leads to the 
adaptation of a fully operational robotic cell [7].

Robotic implementations should therefore be 
achieved with the use of extensive knowledge and 
modern concepts, not to mention that they should 
be preceded by appropriate analyses. A growing 
trend is to use lean robotics, a concept that rec-
ommends in-depth analysis and thus significant 
simplification of the production process, so that 
the use of a robot would bring as many benefits 
as possible.

LEAN ROBOTICS

Lean Robotics (LR) is largely derived from 
the well-known and more and more widely used 
concept of Lean Production or Lean Manufac-
turing [8]. The main aim of the LR concept is to 
develop robotic solutions of the lowest possible 
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complexity, which leads to many other benefits 
such as reduced complexity and – consequently 
– lower costs and a higher return on investment 
(ROI) (Fig. 2). The essence of LR is thus to maxi-
mize the usefulness for the client while minimiz-
ing waste [9].

LR is therefore a modern approach to the ro-
botisation of production, wherein the production 
process is carefully considered and analysed. As 
a result, all ineffective actions are eliminated, and 
the ”client” (i.e. successive workstations) receives 
the highest possible surplus value – the effect of 
robot implementation in a given process [7]. This 
approach makes it also possible to mitigate effects 
of the complication phase, and hence to organize 
more efficiently a fully functional workstation.

One of the main causes of ineffective use 
of industrial robots is inadequate industrial ro-
bot task scheduling and path planning [10, 11]. 
Even a small change in task order affects both a 
given robotic process and the overall production 

process [4]. Therefore, robotic tasks scheduling is 
one of the key aspects in the LR approach.

ROBOTIC TASK SCHEDULING

Optimal robot task scheduling results in real 
improvement of implemented processes [2]. In 
practice, however, this problem is usually belit-
tled, and robot programming is only based on the 
integrator’s experience and intuition.

Industrial robot task scheduling consists of:
 • production scheduling, where the creation of 

an overall schedule and the proper planning of 
all production tasks are analysed, with a spe-
cial focus on robotic cells [12, 13, 14],

 • task-level planning, where the scheduling of 
specified tasks performed by the robot is ana-
lysed, with a focus on strictly specified pro-
cesses [6, 15, 16].

The problem of production and production 
process scheduling has been investigated in nu-
merous studies. In these studies, scheduling pro-
cesses are analysed by classifying scheduling 
problems depending on: production system type 
[17], randomness [18], process dynamics and 
change over time [19], practice-related aspects 
[20]. The literature review shows that there also 
exist studies that focus on industrial robot sched-
uling. These studies usually investigate several of 
the above-mentioned scheduling problems, and 
the effect of robot implementation is analysed in 
terms of its effect on the overall production pro-
cess [12, 15, 21], robot task scheduling in speci-
fied jobs [16, 22], and precise determination of 
robot end effector trajectory [6, 23]. It should also 
be mentioned that the number of studies devoted Fig. 2. Main assumptions of Lean Robotics [7]

Fig. 1. Perception of robotisation [7]
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to the above problems is on the increase. As a re-
sult, these issues have become very topical and 
the need for conducting research in this area have 
become of significant importance.

Previous studies on production scheduling 
seek to extend classical scheduling problems to 
include issues related to robot use. The majority 
of these studies focus on the use of robots in han-
dling processes [13], and problems of this type 
are usually solved with the use of well-known 
scheduling methods. Shabnay and Arviv [12] in-
vestigated the use of a robot for transporting ele-
ments between two workstations and its effect on 
the defined objective, i.e. makespan. Gultekin et 
al. [14] investigated a flow-shop scheduling prob-
lem where the robot was operating several ma-
chines moving on a running track. Zacharia et al. 
[15] and King et al. [13] stressed that robotised 
environments were strongly dynamic, and hence 
the formulated problems were characterized by 
significant computational complexity. Śmigiel et 
al. [24] and Zanlongo [25] investigated the prob-
lem of multi-robot task scheduling in terms of co-
operation between the robots and detailed analy-
sis of their path trajectory.

As far as task scheduling in specific produc-
tion processes is concerned, previous studies 
usually provide in-depth analyses of robot move-
ment parameters while neglecting the important 
aspect of robot task scheduling. Tereshchuk et al. 
[21] proposed that the robot path planning prob-
lem should be described by means of the classic 
traveling salesman problem (TSP). This type of 
approach was adopted in numerous studies. For 
example, Baizid et al. [16] proposed the use of 
a genetic algorithm to solve this problem. Erics-
son and Nylén [26] proposed a solution in which 
detailed process parameters were taken into ac-
count. Mohsin et al. [6] proposed a solution in 
which path planning was combined with simulta-
neous force control in a robotic grinding process. 
It was also observed that robot path planning 
problems were solved by multi-criteria analysis, 
wherein the solutions consist of determining re-
lationships between path shortening, cost mini-
mization, collision elimination and failure rate 
reduction [27, 28].

The literature review shows that previous 
studies focused either on entire production sched-
uling or on precise path planning combined with 
in-depth analysis of parameters. Consequently, 
there a distinct lack of solutions that would stress 
the significance of industrial robot task scheduling 

in specific processes. This aspect is of utmost im-
portance in the LR approach, not to mention the 
fact that there exist only very few studies devoted 
to the LR concept [9, 29]. It is therefore necessary 
to conduct research involving detailed analyses of 
task scheduling at a level of specific technologi-
cal operations. Robot task scheduling should be 
done considering the nature of robot elementary 
movements. Every problems requires an individ-
ual approach and analysis.

In response to the above problems, this study 
considers the problem of task scheduling in robot-
ized adhesive dispensing. It is worth mentioning 
that problems of this type have been quite seldom 
investigated in previous studies [30, 31, 32] and 
that the approach employed in this work is an al-
ternative to the methods reported in the literature.

ROBOTIC DISPENSING 
SCHEDULING PROBLEM

The industrial robot task scheduling problem 
analysed in this study relates to robotic adhesive 
dispensing on electronic components of a printed 
circuit board (PCB). Solutions of this type are 
more and more widely used as an alternative to 
standard techniques for combining parts [33, 34]. 
Fig. 3 shows an example of an electronic circuit 
for which robotic adhesive dispensing on compo-
nents 1–5 is performed.

The analysed system has the dimensions of 
are 1000 × 650 mm, while the dimensions of key 
components are given in Table 1.

This problem must be analysed in terms of ro-
bot movements [36]:
 • effective movements when the robot performs 

the target task, i.e. adhesive dispensing,

Fig. 3. PCB in the analysed adhesive 
dispensing process [35]



139

Advances in Science and Technology Research Journal 2022, 16(5), 136–146

 • supporting movements when the robot per-
forms successive effective tasks, i.e. dispens-
ing the adhesive on successive components.

Examples of these movements are shown in 
Fig. 4.

For the analysed process to be implemented, 
the following assumptions must be met:

1. The adhesive is dispensed on every component 
continuously along the entire contour, and the 
start point of adhesive dispensing on a given 
component is the end point at the same time.

2. As for components 4 and 5 the adhesive is only 
dispensed on the key lines between the PCB 
and the components while maintaining the ad-
hesive dispensing continuous.

3. Supporting movements of the robot are per-
formed observing the end effector safe move-
ment condition (preventing collision by ensur-
ing an appropriate distance of the robot from 
the PCB surface).

To analyse and plan rational scheduling of ad-
hesive dispensing on electronic components, this 

problem should be considered as a case of robotic 
task scheduling in terms of the defined objective.

SCHEDULING TASKS IN THE 
ROBOTIC DISPENSING PROCESS

Objective

The objective of the study was to find optimal 
job scheduling in terms of achieving the objec-
tive, i.e. minimizing the makespan of PCB assem-
bly (𝐶𝐶!"#  indicator).

Mathematical model of the analysed problem

The analysed problem should therefore be 
defined as the scheduling of tasks on a single 
machine in an open-shop environment. This is 
because open-shop scheduling is characterized 
by a lack of a specific order of jobs, which is 
very common during the execution of jobs in the 
electronics or computer industries [37]. In the 
robotic adhesive dispensing scheduling process 
under study, individual jobs consist of making 
connections of a given element, which will com-
bine appropriate auxiliary and effective move-
ments of the robot.

Robot task scheduling in the analysed ad-
hesive dispensing process can therefore be de-
scribed by the following sets:
 • a set 𝐽𝐽  defining the number of jobs:

𝐽𝐽 = {𝐽𝐽!, … , 𝐽𝐽" , … , 𝐽𝐽#}; 	𝑖𝑖 ∈ 〈1; 𝑛𝑛〉; 	𝑛𝑛 = 5 (1)

Fig. 4. Types of movements performed by an industrial robot in the adhesive dispensing process under analysis

Table 1. Dimensions of assembled components

Component Dimensions [mm]
PCB 1000.00 × 650.00

1 14.00 × 9.00
2 14.00 × 9.00
3 17.00 × 17.00
4 13.85 × 15.95
5 15.88 × 21.48
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 • a set 𝑀𝑀  defining the number of machines:

𝑀𝑀 = #𝑀𝑀!$; 	𝑗𝑗 = 1 (2)

The execution of a job 𝐽𝐽!   on a given machine 
𝑀𝑀!   shall be called an operation, which means the 
following can also be defined:
 • a set 𝑂𝑂  defining the operation order:

𝑂𝑂 = {𝑜𝑜!, … , 𝑜𝑜" , … , 𝑜𝑜#}; 𝑘𝑘 ∈ 〈1; 𝑛𝑛〉; 𝑛𝑛 = 5 (3)

where: :	𝑜𝑜! ∈ 〈1; 𝑛𝑛〉  – the number describing the 
order of the k-th job.

 • a set 𝑃𝑃𝑃𝑃  describing the processing times:

𝑃𝑃𝑃𝑃 = {𝑝𝑝𝑝𝑝!, … , 𝑝𝑝𝑝𝑝" , … , 𝑝𝑝𝑝𝑝#}; 𝑙𝑙 ∈ 〈1; 𝑛𝑛〉; 𝑛𝑛 = 5 
𝑃𝑃𝑃𝑃 = {𝑝𝑝𝑝𝑝!, … , 𝑝𝑝𝑝𝑝" , … , 𝑝𝑝𝑝𝑝#}; 𝑙𝑙 ∈ 〈1; 𝑛𝑛〉; 𝑛𝑛 = 5 (4)

where: 𝑝𝑝𝑝𝑝!   – the processing time of the i-th move-
ment of the robot, that is:

𝑝𝑝𝑝𝑝! = 𝑝𝑝𝑝𝑝𝑝𝑝! + 𝑝𝑝𝑝𝑝𝑝𝑝!  (5)

where: 𝑝𝑝𝑝𝑝𝑝𝑝!   – the processing time of supporting 
movement in the l-th operation, 

 𝑝𝑝𝑝𝑝𝑝𝑝!   – the processing time of effective 
movement in the l-th operation.

The objective function will thus be expressed 
by the following relationship:

min𝐶𝐶!"# = min&(𝑝𝑝𝑝𝑝𝑝𝑝$ + 𝑝𝑝𝑝𝑝𝑝𝑝$); 𝑙𝑙 ∈ 〈1; 𝑛𝑛〉; 	𝑛𝑛 = 5 

min𝐶𝐶!"# = min&(𝑝𝑝𝑝𝑝𝑝𝑝$ + 𝑝𝑝𝑝𝑝𝑝𝑝$); 𝑙𝑙 ∈ 〈1; 𝑛𝑛〉; 	𝑛𝑛 = 5 

min𝐶𝐶!"# = min&(𝑝𝑝𝑝𝑝𝑝𝑝$ + 𝑝𝑝𝑝𝑝𝑝𝑝$); 𝑙𝑙 ∈ 〈1; 𝑛𝑛〉; 	𝑛𝑛 = 5 

(6)

It should be mentioned that due to its high 
degree of computational complexity, the ana-
lysed robot task scheduling problem belongs to 
a class of NP-hard problems. In effect, it is only 
possible to find an approximate solution. Taking 
the above into consideration, this study proposes 
that task scheduling be made using a selection of 
dispatching rules. This approach allows for quick 
solution, analyses of alternative scenarios, and 
easy implementation [38]. This approach made it 
possible to design alternative robot task schedules 
and to determine a schedule that was optimal in 
terms of the defined objective.

Description of the proposed solution

Due to a high complexity of the analysed ro-
botic adhesive dispensing scheduling problem, 
dispatching rules were used as a task scheduling 
tool. The dispatching rule can be defined as [39]:

𝑃𝑃!"(𝑡𝑡) = min)𝑧𝑧#$(𝑡𝑡)+ , (𝑖𝑖, 𝑗𝑗) ∈ 𝐴𝐴(𝑡𝑡) (7)

where: 𝑃𝑃!"(𝑡𝑡)  – the priority of the J-th operation 
of the I-th job in time t; 

 𝑧𝑧!"(𝑡𝑡)  – the priority index of operation j 
of job I in time t, 

 𝐴𝐴(𝑡𝑡)  – the set of operations to be per-
formed in time t.

Given a lack of data about the processing 
times of individual operations in the analysed 
case, priorities were assigned to individual jobs 
depending on the distance of the electronic com-
ponents from the defined base point. Practice 
shows that with constant robot speed, auxiliary 
movements greatly depend on the distance be-
tween the points relating to effective movements.

Priority indicator values for individual jobs 
were determined with the use of the scheme of 
robot end effector trajectory points arrangement 
shown in Fig. 5.

Based on the above assumptions, the fol-
lowing dispatching rules were employed in 
scheduling:
 • a dispatching rule for a job where the central 

point 𝐶𝐶!   is located the closest to the 𝑥𝑥  axis of 
the coordinate system (NXA);

 • a dispatching rule for a job where the central 
point 𝐶𝐶!   is located the closest to the 𝑦𝑦  axis of 
the coordinate system (NYA);

 • a dispatching rule for a job where the central 
point 𝐶𝐶!   is located the closest to the point 𝑃𝑃  
denoting the origin of the coordinate system 
(NXYP);

 • a dispatching rule for a job where the central 
point 𝐶𝐶!   is located the closest to the point 𝐶𝐶𝐶𝐶  
denoting the point of intersection of the sym-
metry axes of the PCB (NCP);

 • a dispatching rule for a random job (RAND).

The use of appropriate dispatching rules made 
it possible to determine the values of elements in 
the set 𝑂𝑂 , plan robot paths, and conduct simula-
tions to analyse the robotic dispensing process 
under study.
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ROBOTIC DISPENSING PROCESS 
ANALYSIS

Obtained task orders

To implement the dispatching rules in the 
Matlab software, a script was developed for de-
termining the coordinates of 𝐶𝐶!   points based on 
the defined dimensions of the PCB, as well as on 
the dimensions and coordinates defining the po-
sition of electronic components. The determined 

coordinates made it possible to determine dis-
tances that were of key importance from the point 
of view of the applied rules. To that end, the built-
in function of calculating the Euclidean norm was 
employed (norm). Obtained results were then 
used for job scheduling according to the adopted 
dispatching rules, using the sortrows function 
for sorting data in a table. On the other hand, the 
randperm function, which returns a random per-
mutation from a given set of data, was employed 
for the random dispatching rule.

Table 2. Order of robot trajectory points for individual dispatching rules

Dispatching rule: Values of set 0 Determined order of points *

NXA

NYA

NXYP

NCP

RAND1

RAND2

RAND3

Note: *points in bold denote the start and end of parts assembly process.

Fig. 5. Characteristic points of robot end effector trajectory
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When determining the order of robot trajec-
tory points, it was assumed that the first point of 
the first job would be selected in such a way that 
the end point was as close as possible to the start 
point of a successive job. Hence, successive jobs 
would start from the points located the closest 
to the end point of a previous job. In addition to 
that, the direction of robot movements was set in 
such a way that the trajectory did not have to be 
changed in an abrupt manner. Obtained orders of 
points are listed in Table 2.

The determination of the order of points made 
it possible to perform analyses aimed at finding 
the optimal job schedule.

Analysis of task execution by the robot

To investigate alternative robot task sched-
ules, a model of workstation for the analysed 
adhesive dispensing process was designed using 
the K-ROSET simulation software (Fig. 6). The 
workstation consisted of the RS003N industrial 
robot provided with an adhesive dispensing head, 
a robot base, and a work table with a simplified 
3D model of the analysed PCB.

After that, key points of the robot path were 
defined using the afore-mentioned simulation 
software, and robot programs were developed 
considering the designated order of points. For 
this purpose, robot control codes were pro-
grammed using the AS language (Table 3). Com-
mands were selected in such a way that the pro-
cess was implemented in compliance with real 
production conditions. The robot’s operating pa-
rameters were defined, such as speed, interpola-
tion of movements, and the accuracy of moving 
from one point to another. While programming 

the robot (based on verification tests), focus was 
put on proper reorientation of the robot tool and 
prevention of collisions with the PCB and its 
components.

The designed workstation model made it pos-
sible to simulate the robot’s movements in accor-
dance with the order of points defined for every 
dispatching rule. Simulations provided detailed 
information about the times of elementary move-
ments of the robot, effective and auxiliary alike. 
The use of a built-in cycle time tool provided 
detailed reports about the times of constituent 
movements of the robot (Table 3).

The simulations of alternative robot task 
schedules made it possible to analyse obtained 
results and formulate conclusions.

DISCUSSION

The simulation results were used to compare 
the times of auxiliary and effective robot move-
ments for each of the obtained task schedules 
(Tab. 4). An analysis of the data demonstrates 
that the optimal job schedule in terms of the de-
fined objective was obtained with the NXYP rule 
which prioritised the job whose central point 𝐶𝐶!   
was located the closest to the origin of the coordi-
nate system. The adopted objective criterion was 
𝐶𝐶!"# = 135.71  [s]. The least favourable task 
schedule was obtained with the random dispatch-
ing rule (RAND3).

The results show that the objective primarily 
depends on the time of supporting movements. 
The data in Figure 7 confirm that the times of 
effective movements (adhesive dispensing) are 
similar for every dispatching rule whereas the 

Fig. 6. Workstation for conducting simulations
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Table 4. Robotic adhesive dispensing times

Dispatching 
rule

Time [s]

Job Job Job Job Job 

NXA 7.07 20.38 11.62 19.1 11.65 18.37 11.81 21.38 7.30 12.05 49.45 91.28 140.73

NYA 7.51 20.38 6.18 18.34 8.03 12.00 11.94 19.1 10.82 21.41 44.48 91.23 135.71

NXYP 7.51 20.38 6.18 18.34 11.23 19.14 11.84 12.03 7.23 21.39 43.99 91.28 135.27

NCP 7.06 19.10 11.87 12.03 12.06 18.37 11.81 21.38 7.78 20.40 50.58 91.28 141.86

RAND1 7.64 21.38 11.87 19.1 8.29 12.00 12.10 18.34 6.69 20.38 46.59 91.20 137.79

RAND2 7.05 18.37 11.97 12.03 12.1 21.38 9.09 19.14 8.54 20.38 48.75 91.30 140.05

RAND3 7.64 21.38 12.13 12.03 12.1 20.35 11.65 19.14 11.62 18.39 55.14 91.29 146.43

Table 3. Selected results of robot movement simulations – the order of points according to RAND2

No. Program Step No. Step Moving time Integration time

1

RAND2()

0001 SPEED 5 0.00 0.00

2 0002 JMOVE #CP 0.00 0.00

3 0003 JAPPRO #p23,30 4.71 4.71

4 0004 LMOVE #p23 2.34 7.05

5 0006 LMOVE #p24 7.52 14.57

6 0008 LMOVE #p21 1.73 16.30

7 0010 LMOVE #p22 7.49 23.79

8 0012 LMOVE #p23 1.63 25.42

9 0014 JAPPRO #p23,30 2.46 27.88

10 0015 JAPPRO #p44,30 7.23 35.11

11 0016 LMOVE #p44 2.27 37.39

12 0018 LMOVE #p41 2.24 39.63

13 0020 LMOVE #p42 7.68 47.31

14 0022 LMOVE #p43 2.11 49.42

15 0024 JAPPRO #p43,30 2.50 51.91

16 0025 JAPPRO #p54,30 7.26 59.18

17 0026 LMOVE #p54 2.34 61.51

18 0028 LMOVE #p51 7.30 68.81

19 0030 LMOVE #p52 8.16 76.97

20 0032 LMOVE #p53 5.92 82.89

21 0034 JAPPRO #p53,30 2.50 85.39

22 0035 JAPPRO #p33,30 4.22 89.61

23 0036 LMOVE #p33 2.37 91.98

24 0038 LMOVE #p34 7.36 99.34

25 0040 LMOVE #p31 2.14 101.48

26 0042 LMOVE #p32 7.39 108.87

27 0044 LMOVE #p33 2.24 111.11

28 0046 JAPPRO #p33,30 2.43 113.55

29 0047 JAPPRO #p13,30 3.74 117.29

30 0048 LMOVE #p13 2.37 119.66

31 0050 LMOVE #p14 7.46 127.11

32 0052 LMOVE #p11 2.69 129.81

33 0054 LMOVE #p12 7.49 137.29

34 0056 LMOVE #p13 2.75 140.05

Total 140.05
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supporting movement times are variable and 
heavily dependent on the part assembly order.

The results also demonstrate that correct in-
dustrial robot task scheduling is of vital impor-
tance and that the assumptions of the Lean Ro-
botics approach were valid. An analysis of the 
optimal and least favourable job scheduling re-
sults demonstrates that the difference between the 
objective criterion values is:
 ∆𝐶𝐶!"# = 146.43 − 135.27 = 11.16	[s] .

Incorrect industrial robot task scheduling 
may therefore result in extending the schedule by 
as much as 7.62% per one PCB (Fig. 8). If the 
production process was implemented on a larger 
scale, this difference would cause real losses. For 
10 PCBs the waste of time would be 111.6 [s], 
while for 100 PCBs – 1116 [s], which is enough 
for assembling parts on 8 additional PCBs.

The results confirm that robot task schedul-
ing is a key to effective production robotisation. 
It is worth mentioning that the obtained robot 
task schedule is nothing but a suboptimal solu-
tion. Therefore, attempts should be made to in-
vestigate this process more comprehensively by 
modifying selected robot movement parameters 

and examining in detail robot end effector trajec-
tories. Results of such analyses would probably 
allow for additional time savings, which – in turn 
– would bring real benefits to the entire produc-
tion process. The selected PCB model state an 
example for analysis of the problem. Robotic 
adhesive dispensing process for other types and 
sizes of boards require carrying out separate stud-
ies. However, the process analysis methodology 
presented in this paper can be fully applied to it.

CONCLUSIONS

The use of industrial robots in different pro-
duction processes is becoming more and more 
widespread. However, mere robot implementa-
tion is not enough these days because robotised 
processes require extensive knowledge and com-
prehensive analyses. Modern concepts such as 
Lean Robotics may be useful in this respect, as 
their use makes it possible to both eliminate inef-
fective activities and ensure efficient robot imple-
mentation in a given process.

This paper presents an analysis of robotic 
adhesive dispensing scheduling with the use of 

Fig. 8. Robotic adhesive dispensing scheduling – a comparison of extreme schedules

Fig. 7. 𝐶𝐶!"#  values obtained for the analysed dispatching rules



145

Advances in Science and Technology Research Journal 2022, 16(5), 136–146

selected dispatching rules. Defining the problem 
as the scheduling of tasks on a single machine in 
an open-shop environment allowed to determined 
alternative schedules of robot work and selected 
the most advantageous work schedule, assuming 
as the criterion of the goal the time of completion. 
The important role of the makespan of the time 
of robotic operations, which can affect the entire 
production process, was also emphasized. More-
over, the results showed that the objective primar-
ily depends on the time of supporting movements. 
This proves that further research will include pro-
cess analysis for their reduction.

The study has shown that industrial robot 
task analyses and scheduling are of significant 
importance. Optimal robot task scheduling can 
bring many advantages, both for a given produc-
tion process and for production as a whole. The 
research described in this paper should be con-
tinued and focus on issues such as: makespan 
prediction based on individual processing times 
of elementary robot movements; task scheduling 
optimization via analysis and modification of se-
lected robot movement parameters; and alterna-
tive arrangements of elements on the workstation.
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