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Abstract – In most small / medium scale fruit processing companies in Sri Lanka, the 
process of pineapple peeling is carried out manually. These existing manual pineapple 
processing scenarios create issues of inefficiency and high labour requirement.  The major 
objective was to design a suitable pineapple peeling machine, by reducing the time taken 
to peel one pineapple and to increase the quantity of the production by minimizing the 
meat wastage and to reduce the labour requirement. The conventional process of the 
company, which the experiment was conducted for, takes 60 seconds to peel one pineapple 
and requires one employee. The machine takes 20 seconds to peel a pineapple by one 
operator. Thus, the machine enables a single operator to peel the total capacity of 
pineapples for a day (3333 pineapples) in less than 1.85 hours approximately. Hence, 
implementation of the machine will reduce the number of labourers required. Also, the 
quantity of the pineapple pulp production will increase due to the minimization of 
pineapple meat wastage during the peeling process. Saved meat wastage was found by the 
volume difference of peeled pineapples by labourers and the machine. From 10 pineapples, 
1634 cm3 amount of meat was saved using the machine. Utilization of the proposed 
machine will significantly enhance the current processing procedure, allowing the 
company to reach its expected market competiveness in the pineapple processing 
industry.  

 
Keywords: Efficiency, machine, peeling, peeler, pineapple 

 
 

Nomenclature  
  
FG - Food Grade 
Fb   - Force acting on the blade   
α     - Cutting angle 
 

1    INTRODUCTION 

Pineapple Ananas comosus (L.) is a tropical fruit widely used for producing processed 
foods such as soft drinks, concentrated juices and jam in Sri Lanka (Baruwa, 2013) 
(Hossain et al. 2015). Generally, fruits are highly perishable commodities and processing 
is essential to enhance their longevity (Joy, 2010). In the case of seasonal products, 
consumers are willing to pay for processed products than the raw products. Therefore, 
food processing is currently a demanding industry (Moniruzzaman et al. 1988). Unlike 
some other fruits, pineapples have to be pre-processed quite extensively to make it 

suitable for further processing (Sulaiman et al. 2000; Lirneasia, 2011). Peeling is one main 
pre-processing steps carried out manually at most processing plants Sri Lanka. Manual 
processing demands high labour involvement and meat wastage and make the entire 
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process lengthier and inefficient. Manual process cannot ensure uniformity and quality of 
the final product. In order to address this problem, the producers are of the view that the 
peeling process needs to be mechanized appropriately. Therefore, the objective of the 
study was to design a suitable machine that would ensure efficiency, quality and 
uniformity of the pineapple peeling process. Figure 1 represents the processing steps of 
the machine proposed. 

 
Figure 1: Processing steps of pineapple peeling machine 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 

 
Figure 2: The existing processing steps 

 
The existing pineapple processing steps of the company is represented by the Figure 2. 
When considering the time, the time taken to enter a pineapple to the cutting area is 
greater than the time taken for the complete process at the cutting area. For example; the 
total time taken for the process at the cutting area is 10 minutes and the time taken for a 
pineapple to enter the cutting area is 45 minutes. If the proposed machine is introduced, 
it will reduce 10 minutes at the cutting area to 3 minutes. However, when considering the 
45 minutes taken for previous steps, the reduced time will not greatly affect the complete 
processing process. Since there are limitations and restrictions to increase the efficiency of 
the steps prior to the cutting area, the efficiency enhancement has been concentrated to 
the cutting area by introducing the designed machine. 
The existing manual pineapple processing steps of the concerned company creates issues 
of inefficiency and high labour requirement. Therefore, the company lacks the possibility 
of achieving the production targets and increasing the rate of production in a shorter 
period of time. Thus, it is most desirable to introduce a pineapple processing machine to 
increase the production of the existing procedure. The analysis of the problem was  

Cutting Area 
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conducted through practical measurements and by evaluation of questionnaires. By 
carrying out a practical using the Archimedes principle, the volume of 10 pineapples 
were measured before peeling and after peeling as initial volume and final volume. The 
average time to peel one pineapple fruit was measured and recorded as 60 seconds. The 
average number of pineapples peel per day by the current process is about 3333. Time 
taken to peel a pineapple by one labourer is 60 seconds. Ten labourer at the cutting area 
peels 10 pineapples by 60 seconds.  Approximately, a labourer peels 3333 pineapples in 
5.55 hours. The proposed machine should be able to achieve the above-mentioned target 
in a shorter period of time in order to increase the efficiency of the peeling process.  
  
Moreover, considering the production of waste, reducing the meat wastage is a 
significant factor to increase the output. Suitable techniques were incorporated in the 
design to minimize the waste generation. The company mainly desires to reduce the 
labour requirement for the process by replacing the manual peeling process to a 
mechanized process.  
 
To address the issue, this study was focused on designing and developing a peeling 
machine to enhance the quantity and quality of products by increasing the efficiency of 
the pineapple processing process.  
 

1.1 Aim 
 

To increase the efficiency of the pineapple processing process, by introducing a pineapple 
peeling machine. 
 

1.2 Objectives 
 

• To design and develop a suitable pineapple peeling machine; 

• To save time by reducing the time taken to peel one pineapple fruit of the existing 
pineapple processing setup  

• To increase the quantity of the production by minimizing the meat wastage  

• To reduce the labour requirement 
 

2    DESIGN OF THE MACHINE  

The machine is manually operated and accommodates one pineapple fruit without head 
and bottom part at a time. The pineapples available at the market are in a wide range of 
sizes. Therefore, size of the pineapples to be peel by the machine was decided and it can 
be considered as a design constraint.  

In this machine, the threaded bar and the pineapple fruit is rotated by using the annulus 
(ring wheel) and the planetary internal gear meshing system. In that point, the pineapple 

fruit will be rotated in a speed of 110 rads  by a one planetary gear. While the threaded 
bar is rotated by the other planetary gear, a linear motion has been obtained for the 
cutting arm by the rack and pinion system. Since the cutting arm is spring tensioned, the 
pineapple fruit will be peeled out in a curve shape while moving in a linear motion. Thus, 
the thickness of the peeled-out pineapple peelings remains unchanged. For the reason, 
the peeling out space in the cutting blade is constant.  Practically, the thickness of the 
peelings is in the range of 8 mm–10 mm. And, by that, the pineapple fruit will not turn 
unnecessarily. Therefore, the meat wastage can be reduced. 
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For ease of operation and to ensure the quality of products the following aspects were 
critically considered. 

 

2.1 Ergonomics 

Ergonomics is the relationship between people, machine and work environment. In order 
to prevent injuries from crushing, cutting and thermal exposure, machine ergonomics 
standards are critical (Iqbal et al., 2011). Designing, examining, testing and evaluating the 
design and how operators interact in it created productive and safe work environment 
using the ergonomics principles.  

 
• Machine requires less space and easy to handle, dimensions of the machine are 300mm 
width, 400 mm length and 220 mm height. The stand is 900 mm. The weight of the 
machine is 10 kg and the stand is 6.5 kg. Thus, the total weight is 16.5 kg.  
 
• The machine and the mechanisms were designed considering more on simplicity. Thus, 
the Control movements are simple and easy to perform. 
 
• In this pineapple peeling machine; when the arm moves towards right end, no need to 
move the arm to its initial position by rotating thus pulling is enough. 
 

2.2 Limitations 
 
There is an exact size range of pineapples such as Length  (120 - 240) mm and the 
Diameter  (70 - 140) mm can be peeled by the machine. Pineapples must not be over 
ripened. Over ripened pineapples cannot be peeled by the machine.  
 

2.3 Materials 
 
Materials used for the construction of the pineapple peeling machine must fulfil certain 
specific hygienic requirements. Stainless steel is used for the blade material which is 
resistant against corrosion. Contact surfaces are smooth enough to be easily cleanable.  
Food compatible lubricants and greases / coatings should be used for lubricating contact 
surfaces. The machine should be designed such a way that lubricants do not come into 
contact with the fruit (Festo, 2017; Lawate, 2007).  
 
The food compatible lubricants used for the design are shown in Table 1 (Lanka IOC, 
2017).  
 

Table 1: Lubricants 
 

Product 
Lanka IOC 

 
 
 

Kin. Viscosity cSt at 
40ºC 

VI Min. Flash Point, ºC Min. 

Servo system FG 32 29 – 35 135 210 

Servo system FG 46 42 – 50 130 220 

Servo system FG 68 62 – 74 130 220 
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2.4 Parts of the prototype machine 
 

 
 
 

Figure 3: Parts of the prototype machine 

Parts of the manual pineapple peeling machine design displayed in Figure 3. 
1. Ring wheel with the handle 
2. Planet wheel which is connected to three jaw holding shaft 
3. Planet wheel which is connected to thread screw bar 
4. Rotating 3-jaw shaft which hold the fruit  
5. Three jaw fruit holding shaft from the other side (supporter)  
6. A lock which helps to hold the supporting 3 jaw shaft 
7. Screw shaft which helps to give a linear motion to the arm  
8. The two-sliding shaft which helps to move the arm on it  
9. Interior threaded hollow shaft  
10. Spring tensioned arm which helps to get blade force on fruit  
11. Cutting blade 

 

2.5 Operational mechanism of the designed machine  
 
The operational mechanism is described along with the parts of the machine given in 
Figure 3.  

• Firstly, the ring wheel (1) should be rotated by holding the handle. 
 

• Then, the planet wheel (2) will rotate. Consequently, the planet wheel (3) and the 
rotating 3-jaw shaft (4) rotates. 
 

• At this point, the pineapple fruit held between rotating 3-jaw shaft (4) and the 3-jaw 
fruit holding shaft (5) will rotate.  
 

• Spring tensioned arm (10) and thread bar can be connected by threaded hallow bush 
(10). At that point, the arm body will move towards the gears.  

 

1 

2 

3 

4 11 

5 
6 

8 

7 

9 

10 
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• The peeling process start and continues as shown in Figure 4.  
 
 
 
 
 
 
 

 
                   Figure 4:  Peeling process 
 

• After peeling, the arm body can be moved left side through the shaft by rotation of ring 
wheel (1) opposite side.  
 

3   DESIGN CALCULATIONS 
 

3.1 Maximum blade force 
 
 
 
 
 
 
 
 
 

 
Figure 5:  Blade forces 

 
Figure 5 illustrates the forces acting on the blade. 
 
Size of the fruit: 
Average length of a pineapple fruit     = 22010-3m 
Average radius of a pineapple fruit     = 6510-3m 
 
Blade details:  
Blade material               = Stainless steel 
Blade length                 = 60 x 10-3m 
 
 
The values of cutting angle (α) and cutting force (Fb) given in Table 2 were obtained by an 
experimental trial.  
 
Fb  = Force acting on the blade   
α   = Cutting angle 
r  = radius of pineapple fruit 
W = Weight applied 
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Table 2: Practical readings on different types of pineapple fruits in different points 
 

 Weight applied on Newton scale (N) 

Type of 
pineapple fruit 

Left side of the pineapple 
fruit 

Middle of the 
pineapple fruit 

Right side of the 
pineapple fruit 

Raw 33 37 29 

Ripe 48 54 51 

Half Ripe 
 

39 43 30 

 

Therefore, force acting on the blade  (Fb ) N40  
 

3.2 Screw shaft calculations  
 
Mean radius of the shaft was assumed as (r)   = 16 10-3m 

Tooth angle (α)  = 
20  

Reaction force on the screw shaft               ( NFR 48.3)   

Total torque of the screw shaft         (τz)   N02.0  

Friction force acting on the screw shaft    NFr 44.2)(     

Therefore, Normal load acting on the gear   (W)  = 2.61N 
 
 
 
 
 
 
 
 
 

Figure 6: Dimension of screw shaft 
 

 
By considering vertical plane (X) horizontal plane (Y), 
Total bending moment (Mt) 

MBTotal                    = 
22 )()( MxMy                 (1) 

 

MBTotal                    = 
22 )38.0()5.0(   

 
MBTotal                    = 0.63Nm 
 
Twisting moment             ( NT 56.15)   

 
When the shaft subjected to combine twisting moment and bending moment, Km and Kt 
values are obtained by data sheet of load applied gradually in rotational shaft.  
Km = 1.5 
Kt = 1.0 

Yield strength  of Stainless steel 304,     
2MN/ 215 myt   
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Equivalent shear stress                      




 

22

3

16
TKMKMk

d
eq tmm


      (2) 

                     ( eq)  =21MN/m2 

 

Allowable bending stress              
2/129

6.0

mMNb

ytb








 

25% reduction    
2/75.96 mMNb   

eqb    

                              Equivalent shear stress    2/122

3
)()(

16
TkMk

d
eq tm 


                        (3) 

    ( eq) =19MN/m2 
 

Allowable shearing stress   
2/5.64

3.0

mMNs

yts








 

Reducing by 25%  
2/38.48 mMNs   

eqs    

 

Therefore, the shaft material would have an equivalent shear stress of eq = 2/21 mMN  
Diameter of the shaft   = 16 10-3m   
Length of the shaft    = 400 10-3m  
Material         = Stainless steel 304 
Bearings        = Stainless steel deep groove ball bearings (W6202ZE, W6301ZE) 

 
3.3 Sliding shaft calculations 

 
 
 
 
 
 
 

 
Figure 7: Bending moment diagram 

 
Figure 7 given above shows bending moment diagram and Figure 8 given below shows 
the sliding shaft geometry. 
 
 
 
 
 
 
 

 
Figure 8: Sliding shaft geometry 
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By considering vertical plane (X) horizontal plane (Y), 
Total bending moment (Mt) 

MBTotal = 22 )()( MxMy                                          (4) 

MBTotal = 22 )44.0()55.0(   

MBTotal = Nm7.0  

The shaft subjected to bending only, 

  Minimum diameter of the shaft   
6

3

10215

327.0







d  

                    d = m3102.3   
 
Diameter of the shaft            = 15 10-3m   
Length of the shaft             = 400 10-3m  
Material                  = Stainless steel 304 
 

 
3.4 Calculations of the shaft holding the pineapple fruit  
Consider of small  angle rotation of the system  
G - Modulus of rigidity  
L - Length of the shaft 
d - Diameter of the shaft 
 

4

22

2

4

11

1 


































d

d

G

G
L

d

d

G

G
LL                (5) 

)1(140
10002.0

102.77
220400

4

1

9

9























d

d
 

md 3107.9 
 

Material of the shaft   = Stainless steel 304 
Diameter of the shaft  = 15 x 10-3 m 
Length of the shaft   = 140 x 10-3 m 
Bearing         = Stainless steel deep groove ball bearing 6202-2RS 
 

 
3.5 Gear calculations  
The gear ratio between worm shaft and pineapple fruit attached, was assumed as = 1:1 
 
 
 
 
 
 
 
 

 
Figure 9: Internal gear meshing system 
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r1 - radius of planetary gear 1 (pineapple fruit) 
r2 - radius of planetary gear 2 (worm shaft) 
R - Radius of annulus   
D - Diameter of annulus  

mR

mr

3

3

1075.93

1075.18








 

Take the module      = 2 x 10-3 m 
Number of teeth in annulus (TA)   = 93.75 
      = 100 
Number of teeth in planet gear (Tp)          = 18.75 
                                          = 20 
Therefore, Radius of annulus taken as (R) = 100 x 10-3 m 

Radius of planetary gears (r1, r2)  
m31020

5
100




  

 

3.6 Strength calculation for internal mesh gear  
 
Considering planetary gear 1 and annulus 
Tangential force (fr)  = 34.92N 
Therefore, Torque on the shaft (τ)         = 0.34 Nm 
Tangential tooth load on planetary 1 (Ft1)  =26.18N 

Assume the angular velocity of the ring gear      
1

2 2  radsw   

Therefore, pitch line velocity (V)           = 0.628ms-1 

Velocity factor (Cv)                =0.827 

Ultimate tensile stress of stainless steel 304 ( )  =505MPa 
Lewis form factor (Y)               =0.152 

                                            ymbFt   11                                 (6) 

Face width of planetary gear 1,        mb 4

1 109.3   

Similarly, 

Face width of planetary gear 2,        mb 5

2 1022.1   

Therefore, the minimum face width of planetary gear wheels will be 3.9 x10-4 m and 
1.22x10-5m. 
Total torque on (annulus) hand      (τT) = Ft1 x R + Ft2 x R                                                      (7) 

 
NmT

T

772.2

54.118.610100 3



 




 

 

3.7 Dynamic torque load calculations (FD) 
 
Total dynamic load (FD)    = 922kg 
Static tooth load (FS)      = 13971kg 
Wear tooth load (FW)      = 829N 
 
Here the values are satisfied the conditions, FD< FS  and  FD< FW 
(DR) Diameter of annulus     =  200 x 10-3 m 
(Dp) Diameter of planetary    =  40 x 10-3 m  
Number of teeth in annulus (TA)   = 100 
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Number of teeth in Planetary (TP) =  20  
Face width (b)            =  35 x 10-3 m 
Ratio of gear           =  5  

 
4   RESULTS AND ANALYSIS  

4.1 Volume comparison of pineapples before and after peeling 

The intial voulume of 10 pineapples before peeling and the final volume after peeling by 
the designed machine are presented in Table 3.  

 

Table 3: Initial voulume and final volume of pineapples peeled by the machine 

Pineapple Initial volume of pineapple fruit (cm3) Final voulume of pineapple fruit (cm3) 

1 993 837 

2 1047 896 

3 1070 933 

4 1076 953 

5 1090 970 

6 1115 972 

7 1124 1007 

8 1148 1034 

9 1150 1010 

10 1180 1016 

 

The intial voulume of 10 pineapples before peeling and the final volume after peeling by 
labours of the company are presented in Table 4.  

 

Table 4: Initial voulume and final volume of pineapples peeled manually by labours 

Pineapple Initial volume of pineapple fruit (cm3) Final voulume of pineapple fruit (cm3) 

1 997 783 

2 1009 772 

3 1014 793 

4 1093 845 

5 1103 780 

6 1107 737 

7 1127 797 

8 1172 830 

9 1184 854 

10 1203 803 
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4.2 Saved meat wastage 

The amount of saved meat wastage is shown in Table 5. From 10 pineapples, 1634 cm3 
amount of meat was significantly saved using the machine instead of labourers.  

Table 5: Result of saved meat wastage 

Peeled pineapple volume by 
machine (cm3) 

Peeled pineapple volume by 
labourers (cm3) 

Meat wastage 
(cm3) 

970 772 198 

1010 780 230 

1016 830 186 

972 797 175 

953 845 108 

1034 854 180 

837 737 100 

933 803 130 

1007 783 224 

896 793 103 

TOTAL VOLUME OF SAVED MEAT 1634 cm3 

 

Volume comparison of the pineapples volume before and after peeling using the peeling 
machine and labourers are displayed in Figure 10. By using the volume comparison 
method, the saved meat wastage was clearly observed and identified as 1634 cm3. In 
Figure 10, the volume comparison is displayed as the difference between the area under 
two curves in graph.The data as calculated volumes are indicated in the Table 5. In 
conclusion, as the Figure 10 represents, the meat  wastage was found as 1634 cm3 

(Approximately 1.5 pineapples) were saved from 10 pineapples by using the designed 
pineapple peeling machine. 

 

 

 

 

 

 

 

 

 

Figure 10: Volume comparison of pineapples before and after peeling 
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5    DISCUSSION   

The machine can perform the major functions of peeling pineapples mechanically and 
safely. All the aspects considered in the design of the machine has been achieved in order 
to minimise meat wastage. In this pineapple processing machine; when the arm moves 
towards right end, it is not necessary to move the arm to its initial position. Rotating is 
done manually. A huge work load is gained by a simple and slight movement. The 
developed machine will enable peeling different sizes of pineapples by the adjusted 
constant thickness of the peeling and by the action of the tensioned spring in the cutting 
arm, allowing the pineapples to be peeled in curve shape. The cost of production was 
slightly high due to high fabrication costs of gear wheels and thread bars. The 
manufacturing costs are high due to the machining costs of the components. However, 
the present design can be improved further, to enable practical usage at a minimal cost.  

The machine was completely designed and developed to be operated mechanically. 
However, if the machine can be automated using necessary technologies and 
improvements; the efficiency can be increased more.  

The Machine can be considered as a user-friendly machine since requires less space and 
have the ability to disassemble parts. Also, the control movements are simple and easy to 
perform due to the simplicity of the mechanism. The construction and the parts are easily 
configured or replaced. Moreover, the machine is smoothly finished and easily cleaned. 
Final dimensions of the machine are 300mm width, 400 mm length and 220 mm height. 
The stand is 900 mm. The weight of the machine is 10 kg and the stand is 6.5 kg. Thus, the 
total weight is 16.5 kg.  Therefore, it is easy to handle. This pineapple peeling machine 
can increase the overall pineapple production of the company by increasing the 
efficiency. Furthermore, this can be used as a platform to carry out further 
experimentations and developments in order to enhance its efficiency.  

 

6    CONCLUSION 

The conventional pineapple peeling process of the company according to the experiments 
carried out, takes about 5.56 hours to peel and dice 3333 pineapples by one labourer. That 
is, it takes 60 seconds to peel a pineapple by one labourer. The machine takes 20 seconds 
to peel one pineapple by one operator. The ease of operation of this pineapple processing 
machine enables an operator to peel the total capacity of pineapples per day (about 3333 
pineapples) in less than 1.85 hours approximately. Precisely it achieves the objective; to 
save time by reducing the time taken to peel one pineapple fruit of the existing pineapple 
processing setup.  

The existing process of the company requires 10 labourers to achieve their target for a 
day. The machine only needs one operator to carry out the peeling process.  In order to 
accomplish the target of the day, it may need about 3 or 4 labourers. However, the 
implementation of the machine will significantly reduce the labour requirement for the 
peeling process by achieving the objective reducing the labour requirement.  

Moreover, reducing the meat wastage was a significant factor to increase the output. 
Suitable techniques were included to machine designing after observing the waste 
development of the current process. The saved meat wastage was found by the volume 
difference of peeled pineapples by labourers and the machine. From 10 pineapples, 1634 
cm3 worth of meat wastage was significantly saved using the machine instead of 
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labourers. Therefore, the quantity of the production may possibly be increased by the 
reduction of waste production, thus it accomplishes the objective of increasing the 
quantity of the production by minimizing the meat wastage. 

So far, for the recommendations and implementations, the machine peels a pineapple 
only when the arm moves towards the right side and there is no peeling of pineapples 
when the arm moves from right to left. Future work can be done to peel a pineapple 
when the arm moves from right to left side as well by using a dual threaded bar. This 
development possibly will increase the efficiency of the process since it is an optimum 
way to double the efficiency. 
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Abstract– Pumped storage hydropower is a technology that stores excess and off peak 
electrical energy. According to the long-term generation plan of Ceylon Electricity Board, 
maximum storage of 600 MW pumped storage power is planned to integrate to the Sri 
Lankan power system by 2025.  
This research study carryout feasibility study of introducing pumped storage power plant 
to Sri Lankan power system. Six locations which are suitable for a pumped storage power 
plant are proposed and Kothmale is selected as most suitable location for further evaluation. 
Expected annual energy generation of the proposed plant is around 1314GWh. Total 
installed capacity of the plant is 600MW. Effective head of the proposed plant is 377m with 
maximum plant discharge of 191m3/s. After analyzing the geological and topological 
conditions of selected sites, water capacity of the lower and upper reservoir is calculated as 
8.2 Million cubic meters (MCM) and 13.8MCM respectively. Lower dam is 39m high and 
290m long while the upper dam is 27m high and 220m long. 
The social and environmental effects due to introduction of this plant have been evaluated 
in this research. Finally load flow analysis have been carried out in both peak and off-peak 
durations after introducing proposed plant to the Sri Lankan power system in 2025. 

 
Keywords: Pumped storage, hydropower, Crest Length, Topographical, Geological, Plant 
capacity 
 

 

 

Nomenclature  
Qg - Plant discharge (m3/s)  
Ve - Effective reservoir capacity (m3) 
qs  - Suspended sedimentation (m3/km2/year)  
Ca - Catchment area (m2)  
Ns - Specific speed (m-kW) 
N  - Speed of the turbine (rpm) 
Pt   - Turbine power (MW) 
H  - Head (m) 
f    - Frequency(Hz)  

 
 

1   INTRODUCTION 

The electricity generation and consumption do not always run together concurrently. 
Rapid variation of power throughout the day is more significant in countries like Sri Lanka. 
From the system’s point of view this type of variation is not desirable and the utility 
companies all the time try to make the load curve flatter. This is done by different means 

mailto:rhsas@ou.ac.lk
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and use of pumped storage plants is one of such methods to make the load curve flatter. 
Pumped storage is a grid-scale energy storage technology that can be enabled to grow its 
renewable energy portfolio. It helps to ensure the reliability of supply to the consumers. It 
also provides a contribution to maintenance of stability by absorbing grid turbulence 
during generation mode. System load curve in Sri Lanka has poor load factor and hence 
high unit cost of the Sri Lankan power system. As a solution to improve the load factor, 
Ceylon Electricity Board(CEB) has introduced a three-tier tariff plan for the industrial 
electricity consumers to improve the load factor. By introducing pumped storage power 
plant (PSPP) the load factor of the power system can be improved. Aim of this research is 
to carry out a feasibility study on a pumped storage power plant in Sri Lanka. This work 
includes the determination of the location of the plant, basic design of it, mainly 
environmental and social impacts due to proposed plant and load flow analysis after 
integrating the proposed plant to the electrical grid of Sri Lanka in 2025.  
 

2  SITE SELECTION 

  
2.1 Factors to be considered when selecting a suitable location   
 
Topographical factors, geological factors, technical factors, environmental factors, social 
and cultural factors and weather condition must be considered when selecting a suitable 
location for a pumped storage power plant. A sufficient water source such as a river or 
stream should be available to fill the reservoir initially and then refill the evaporated water 
of the reservoirs time to time. Valley with narrow crest should be selected for dams and 
there should have sufficient storage capacity in the valley in minimum dam height. Zones 
with possibility of the earthquakes and landslides should be avoided for the protection of 
the dams and other structures. Avoidance of the areas of soil and weak rock conditions is 
necessary. Proposed plant should have enough storage capacity of the reservoirs to operate 
at least 6 hours per day. L/H ratio (length in to height ratio between two reservoirs) should 
be kept at minimum value for the cost optimization and reduced head loss.  

Protected areas with natural parks and reserves should be avoided to be destroyed. Areas 
of critical habitats of important flora and fauna should be avoided to be affected. 
Population density of the selected area should be minimized. It should be feasible to access 
the construction areas easily and deliver material, equipment quickly and easily as well as 
remove the debris effortlessly. Historical, religious or cultural heritages should be avoided 
to be affected. Effects to the agricultural lands should be minimized. Effects to the 
industries, factories and commercial buildings should be minimized. Sufficient rainfall and 
the sufficient runoff of the streams must be there in the selected area in order to maintain 
the required water level of the reservoirs.  
 

2.2 Suggested Locations 

 
Six locations have been proposed for the evaluation. First proposal area belongs to the 
Nuwara Eliya district. Lower reservoir is situated in the Yoxford in Kothmale. Three 
options have been suggested for upper reservoirs. Second, third and fourth proposal areas 
belong to Badulla district and fifth proposal area is situated in Rathnapura district. Sixth 
proposal area again belongs to Badulla district. Summary of the technical details of the 
proposed locations are mentioned in table 1 and the social and environmental details are 
summarised under table 2. 
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Table 1: Technical details of the proposed locations 

No Location Head L/H ratio Dam 

height 

Crest length-

Lower dam 

Crest length -

Upper dam 

1.1 Kothmale- Caledonia 404m 26.9 38m 400m 234m 

1.2 Kothmale- Radalla 439m 22.7 30m 400m 379m 

1.3 Kothmale- Kotagala 471m 15.2 50m 400m 450m 

2 Ella 445m 21.6 50m 404m 315m 

3 Passara 461m 23 50m 488m 446m 

4 Madolsima 446m 25 50m 252m 400m 

5 Belihuloya 515m 21 50m 250m 358m 

6 Ohiya 459m 18 50m 250m 550m 

  

Table 2: Social and environmental details of the proposed locations 

No Location Population

(inh/km2) 

Resettl

ement 

Agricultural 

lands 

Nature of people 

1.1 Kothmale- Caledonia 449.69 Less Tea estates Work as labors in tea 

estates 

1.2 Kothmale- Radalla 449.69 High No Work as labors in tea 

estates 

1.3 Kothmale- Kotagala 449.69 Less Tea estates Work as labors in tea 

estates 

2 Ella 407.04 High No Industries based on 

tourism 

3 Passara 358.88 High No Self-employment & 

agriculture 

4 Madolsima 217.92 Less Tea and high 

land crops 

Engage in agricultural 

industry 

5 Belihuloya 922.56 Less Tea estates Engage in agriculture 

6 Ohiya 536.21 High No Industries based on 

tourism 

 

After careful study of the above details, proposal 1.1 in Kothmale - Caledonia is selected as 
the most suitable location for the proposing pumped storage power plant. Even though, 
proposal 1.3 in Kothmale - Kotagala is having a less L/H ratio and high head, crest length 
of the upper dam and dam height are higher than proposal 1.1 and ability to access the 
upper reservoir and deliver goods is also harder than proposal 1.1. Therefore, proposal 1.1 
in Kothmale – Caledonia is the best location to develop a pumped storage power plant.   



 
K. A. D. G. P. Dilrukshi , K.A.C. Udayakumar, R.H.G. Sasikala 

19 

 

3   SELECTED SITE CONDITIONS 

 
The project area is situated in the South Central mountainous area which is belongs to 
Nuwara Eliya district. It is between the altitudes 6056’ to 7000’ North and 80034’ to 80040’ 
East.  Population density of the area is 408.76 inh./km2 with area of 1741km2. Project area 
is nearly 150-200km away from Colombo. Upper reservoir area is well developed with tea 
plantation and averagely populated. Lower reservoir area is less populated area with slight 
vegetation. Major towns around the project area are Talawakele, Watagoda and Pudaluoya 
with population of 3000 to 5000. Upper reservoir covers the catchment area of Agra oya 
and Lower reservoir covers the catchment area of the Kothmale oya and Devon oya. Major 
streams within the project area are Kothmale oya and its tributaries such as Puna oya, 
Pudal oya, Nanu oya, Dambagastaawa oya, Devon oya and Agra oya. 

Geologically the project area contains highland series of Precambrian which is composed 
by Gneiss and Charnokite. Gensis is widely seen in the continuous cliffs on the banks of 
the Kothmale oya. Charnokite found under the river bank upstream of the Kothmale 
reservoir up to Puna oya.  

The majority of the living around the project area belongs to Hindu Tamils. They are 
workers in tea estates and earn low income. Most of them do not own lands or houses. A 
minority of people are Sinhalese Buddhists. There are Christians among both Sinhalese and 
Tamils. Nearly 200 Muslim families also live in the area.  Some areas have agricultural 
settlements where Sinhalese earning money through cultivation of rice, highland crops and 
bananas. Small proportion engage in small businesses and transport of agricultural 
products to markets in Colombo. Some people live nearby waterfalls make a living out of 
tourism. Young people work in shops and self-employment activities such as poultry while 
girls are employed mostly in garment factories. A minority are in respectable professions 
in estate sector, government offices, schools and hospitals. Proposed project does not affect 
any waterfall directly. Therefore, the public will not be against the project much. Public 
protests and legal complains from the environmental organizations can be expected due to 
resettlements and affects to the agricultural lands. By awareness programs and proper 
resettlement plans, public protests can be avoided. 

 

Figure 1:  Waterway system 
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4 PLANT DESIGN 

4.1 Installed capacity of the plant 
 
Installed capacity of the plant is determined as 600MW as per the long-term generation 
plan. It is the maximum possible pumped storage power which can be added to the Sri 
Lankan power system by 2025. 

4.2 Determination of unit capacity  

PSPP will generate in the night peak. Therefore, the applicable unit capacity is calculated 
under the condition that a generator trip occur at the maximum demand in the night peak. 
PSPP pump up in off peak duration. Therefore, the unit capacity is calculated that a pump 
trip occurs at the minimum demand in one day. Minimum demand is approximately taken 
as 44% of maximum demand. Frequency constant (K) is taken as 4.92% S.  
 

𝐾 =
𝑑𝑃/𝑃

𝑑𝑓
                                             (1) 

 

dP = Power change (MW) 
P   = Demand(MW)   
df  = Frequency change (Hz) 
 

Generator trip -   Allowable frequency deviation        = 50 – 48.75 = 1.25Hz 
 Annual average demand in 2025     = 2480MW 
 dP = 4.92 x 1.25 x 2480 /100              = 152.2 MW 
 Therefore, applicable unit capacity  = 150MW 
 

Pump trip -  Allowable frequency deviation         = 51.5 - 50 = 1.5Hz 
 Minimum demand in 2025                 = 2075MW 
 dP = 4.92 x 1.5 x 2075 /100                 = 153.1 MW 
 Therefore, applicable unit capacity   = 150MW 
 

4.3 Temporary fixing of maximum plant discharge 

Total water discharge of the plant through turbines are calculated using the equation 2.  
 

𝑄𝑔 =
𝑃

9.8 𝑥0.85 𝑥 𝐻
                                     (2) 

 

Qg  = Plant discharge(m3/s)  
H   = Approximate head (m) 
P    = Rated capacity of the plant (kW) 

Qg  = 600x1000kW / 9.8 x 0.85 x 404m = 178.3 m3/s 
 
4.4 Effective water capacity of the reservoirs (Live storage) 
 
Live storage is the storage capacity of the reservoir above the dead storage level which 
constitutes usable portion of the total storage and it can be calculated using the equation 3.  
𝑉𝑒 = 𝑄𝑔 x 6hr x 3600s                                    (3) 
 

Ve = Effective reservoir capacity (m3) 
Qg = Plant discharge (m3/s) 
Ve =178.3 x 6 x 3600   = 3,851,280m3 = 3.9MCM 
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4.5 Preparation of Water Capacity Curves 

 
Contour lines of each reservoir is drawn for every 10m and the area of the layers are 
calculated. Capacity of each reservoir is computed by taking contour areas at equal 
intervals of 10m and water storage capacity curves shown in figure 2 and 3 are developed.  

4.6 Sedimentation volume and sedimentation level 

 
The river water carries silt. When river water reaches reservoir, its velocity and turbulence 
are reduced and gets deposited. The sedimentation level is determined by estimating 
sedimentation for 100 years. 
 
𝑉𝑠  =  𝑞𝑠 x 𝐶𝑎 x 100                                     (4) 
 

qs = Suspended sedimentation (m3/km2/year) – 18.18 m3/km2/year for the site area 
Ca = catchment area (m2)  
Vs = Sedimentation volume (m3) 
 

For the lower reservoir, Vs  = 18.18 x 334.6 x 100  =692,048m3 =0.6MCM    
For the Upper reservoir, Vs  = 18.18 x 181.6 x 100 =330,148.8 m3 =0.3MCM 

 
The sedimentation level is obtained by marking sedimentation volume on the reservoir 
water capacity curve as shown in figure 2 and figure 3. 
 

From figure 2, Sedimentation level of Lower reservoir = 887m 
From figure 3, Sedimentation level of Upper reservoir = 1290m 

 

 
Figure 2: Water Capacity curve of the Lower reservoir 
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Figure 3:  Water Capacity curve of the Upper reservoir 

 
4.7 Determination of Water Levels (Upper and Lower Ponds)   
 
4.7.1 Low Water Level  
 
The low water level (LWL) is set at a position of about twice the inner diameter (D) of the 
headrace tunnel above the sedimentation level as shown in figure 2 and 3 to prevent 
intrusion of air into the tunnel. The tunnel inner diameter is obtained by equation 5 by 
setting the flow velocity at 6 m/s. 
 

𝑄 =  
𝜋 𝑥 𝐷2

4
𝑥 6 𝑚/𝑠                                          (5) 

 

Q = Plant Discharge (m3/s) 
D = Diameter of Headrace Tunnel (m) 

Headrace tunnel diameter, D = [ 4 x 178.3 /6 x 𝜋 ]0.5 = 6.15m 
 
Then LWL of the reservoirs then can be calculated by equation 6. 
 

LWL =  𝑆𝑒𝑑𝑖𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 𝑙𝑒𝑣𝑒𝑙 + ( 2 𝑥 𝐷)                             (6) 
 

D = Diameter of Headrace Tunnel (m) 

Low water level of the Lower reservoir = 888 + (2 x 6.15) = 899m 
Low water level of the Upper reservoir = 1291 + (2 x 6.15) = 1302m 

4.7.2 High Water Level  

 
The high-water level (HWL) is determined by using the water capacity curves shown in 
figure 2 and 3, adding the LWL to the available drawdown (ha) corresponding to the 
effective water capacity which is obtained by equation 3 in the section 4.4. 
 
HWL = LWL + ha                                      (7) 
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HWL= High water level (m) 
LWL = Low water level (m) 
ha      = Available drawdown (m) 
 

• For the Lower reservoir 

Water storage of the dead pond (from figure 2)    =2,250,000m3 
Total storage of dead pond and effective storage  = 6,071,280m3 
Available drawdown(ha) = 14m 
High water level               = 899 +14 = 913m 

• For the Upper reservoir 

Water storage of the dead pond (from figure 3)   = 7,500,000m3 
Total storage of dead pond and effective storage =11,351,280m3 
Available drawdown(ha) = 3m 
High water level               = 1305m 
 

4.8 Determination of dam height  

  
For the Lower dam from figure 2 
Flood storage= 600m3/s x 3600s  = 2,160,000m3 
Water capacity of the reservoir    = 8,231,280m3 
Maximum level of the dam          = 919m 
Dam height = 919m – 880m          = 39m 

For the Upper dam from figure 3 
Flood storage= 600m3/s x 3600s = 2,160,000m3 
Water capacity of the reservoir   =13,511,280m3 
Maximum level of the dam         =1307m 
Dam height = 1307m – 1280m     = 27m 
 

4.9 Determination of Normal Mean Water Level and Tailwater Level  

 
4.9.1 Normal mean water level 
 
The normal mean water level of the Upper reservoir can be calculated using the equation 
8 given below. 

MWL(U) =  𝐻𝑊𝐿(𝑈) − 
ℎ𝑎(𝑈)

3
                                    (8) 

 

MWL(U) = Normal mean water level of Upper reservoir (m) 
HWL(U)  = High water level of Upper reservoir(m) 
LWL(U)  = Low water level of Upper reservoir(m) 
ha(U)       = Available drawdown of the Upper reservoir(m) 

MWL of Upper reservoir = 1305 – (3/3) = 1304m 
 
4.9.2 Normal Tailwater level  
 
Tailwater level of Lower reservoir can be calculated by equation 9 given below. 

TWL(L) =  HWL(L) −  
ha(L)

3
                                   (9) 
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TWL(L) = Normal tailwater level (m) 
HWL(L) = High water level of Lower reservoir (m) 
ha(L)          = Available drawdown (m) 

Tailwater level of Lower reservoir = 913 – 14/3 = 908m 

4.10 Preparation of Waterway Profile  

 
The turbine centre is set at the elevation corresponding to the draft head below the low 
water level of the lower pond as described in the following equation 10. 
 

Elevation of Turbine Centre =  LWL(L) − Draft head                     (10) 
 

LWL (L) = Low water level of lower reservoir(m) 
 
Draft Head is obtained from the relation between the maximum pumping head and draft 
head as shown in figure 4. Maximum pumping head is calculated using the equation 11 
and ignoring the head loss.  
 

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑃𝑢𝑚𝑝𝑖𝑛𝑔 𝐻𝑒𝑎𝑑 =  𝐻𝑊𝐿(𝐿) −  𝐿𝑊𝐿(𝐿)                      (11) 
 

HWL(L) = High water level of the Lower reservoir (m) 
LWL(L) = Low water level of the Lower reservoir (m) 

Maximum Pumping Head = 1305m – 899m = 406m  

 

Figure 4: Relationship between maximum pumping head and draft head  

Therefore, the elevation of Turbine Centre can be calculated using the equation 10 
substituting LWL of lower pond as 899m and draft head as 50m. 
Elevation of Turbine centre = 899 -50 = 849m 
 

Cross section elevation graph of the water path is shown in figure 5 and the length of the 
penstock and headrace tunnel has been evaluated. Minimum ground clearance for the 
tunnels has been taken as 20m. 
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Figure 5: Waterway profile 
• Headrace tunnel 
Length= 4.2km 
Water velocity= 6m/s  
Diameter = 6.15m as per the calculation done in section 4.7.1 

• Penstock  
Length=9km 

Water velocity =  0.125 (2gh)0.5                                 (12) 
  = 0.125(2 x 9.8 x 404)1/2 = 11.12 m/s 

Diameter =  √
Q

V x 0.7854
                                         (13) 

 

Q = Plant discharge (m3/s) 
V = Water velocity (m/s) 

Diameter = [178.3/(11.2 x 0.7854) ]0.5 = 4.524ft  = 1.4m 

• Tailrace  
Length= 500m 
 

4.11 Calculation of Head Loss and Effective Head  

 
Rated heads of lower dam can be taken from the equation 14 given below. 
 

Rated head(LD) =  HWL(LD) −  
1

3
(HWL(LD) − LWL(LD))                      (14) 

 

HWL(LD) = High water level of lower dam 
LWL(LD) = Low water level of lower dam 
 

Rated head of lower dam = 910 – 1/3 ( 910 – 891) =904m 
 
Rated heads of upper dam can be taken from the equation 15 given below. 
 

Rated head(UD) =  HWL(UD) − 
1

3
(HWL(UD) −  LWL(UD))                   (15) 

 

HWL(UD) = High water level of upper dam 
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LWL(UD) = Low water level of upper dam 
 

Rated head of upper dam = 1303 – 1/3 ( 1303- 1298) = 1301m  
 

Gross head can be calculated from the equation 16 mentioned below. 
 

Gross head = Rated head (Upper dam) − Rated head (Lower dam)               (16) 
Gross head = 1301 -904  =397m 
 

Effective head can be determined as follow by subtracting head loss from the gross head 
where the head loss is taken as 5% of the gross head. 
Head loss = 379 x 5% = 20m 
Effective head = 397 – 20 = 377m 
 

4.12 Re-Calculation of Maximum Plant Discharge  

 
Actual plant discharge is the recalculated using the equation 2 used in the section 4.3. 
Effective head calculated in section 4.11 is used as head. 
 

Qg = 600x1000kW / 9.8 x 0.85 x 377m 
 = 191 m3/s 
 

Hence discharge through one unit is 191 /4 = 47.7 m3/s 
 

4.13 Calculation of Annual Energy Generation 

 
The annual energy generation is obtained by the following equation 17. 
 

E = P x T                                            (17) 
 

E = Energy (GWh) 
P = Rated capacity of the plant (kW) 
T = Time duration which the plant operates during the year 

E = 600,000 kW × 2190 hours = 1314 GWh 

 

4.14 Re - Calculation of Effective Water Storage of the Reservoirs 

 
Effective water storage of the reservoirs can be re-calculated using the equation 3 which is 
used in section 4.4.  
 

Ve =Qg x 6hr x 3600s 
 = 191 x 6 x 3600 = 4.1MCM 

4.15 Crest length of the dams 

 
4.15.1 Crest length of the lower dam  
 
Cross section of the lower dam is shown in the figure 6. Variation of the crest length of the 
dam with the height is shown in the figure 7 and the maximum dam height is marked on 
it and finally the crest length of the lower reservoir is determined as 290m. 
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Figure 6: Cross section of lower dam 

 
 

 

Figure 7: Variation of the crest length with the dam height in lower dam 

4.15.2 Crest length of the upper dam  

 
Crest length of the upper dam also determined by the same method used in sub section 
4.15.1. As per figure 9, crest length of the upper dam is 220m 
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Figure 8: Cross section of upper dam 

 
 

 

Figure 9: Variation of the crest length with the dam height in upper dam 

4.16 Specific Speed Calculation 

 
Specific speed (Ns) is the fundamental index for the selection of correct type of turbine for 
a particular set of conditions. It should be in the limit given by inequality 18 for a Francis 
pump turbine. 
 

Ns  ≤  
21000

H+35
+ 40                                          (18) 
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Ns = Specific speed ( m-kW) 
H  = Net head (m) 
Ns ≤ [21000/(377+35)]+40 
 ≤95.83m-kW 
 

The speed for a turbine can be calculated by equation 19. Approximate speed of the turbine 
can be calculated using above calculated specific speed limit.  
 

Ns =  
N x √Ptx √1.358 

√H
1.25                                        (19) 

 

Ns = Specific speed (m-kW) 
N  = Speed of the turbine (rpm) 
Pt   = Turbine power (MW) 
H  = Net head (m) 
 

N  = Ns x H1.25 / (Pt0.5 x 1.3850.5) 
  = 95.83 x 3771.25 /(150 x 1000 x 1.385)0.5 
  = 349.27 rpm 
 
Then speed of turbine for different poles are calculated using equation 20 and nearest speed 
is selected as speed of the turbine.   
 

N =  
120f

P
                                          (20) 

 

N = Turbine speed (rpm) 
f   = Frequency(Hz)  
P  = No of poles. 

For 18 poles, N   = 120 x 50/18  = 333.33rpm  
For  16 poles, N  = 120 x 50/16  = 375rpm 
Then the turbine speed can be select as 333.33rpm 
 
Recalculate the Specific speed using equation 19 
Ns  = [333 x (150 x1000x1.358)0.5] / 3771.25 
  = 90.47mkW 
This specific speed is marked on the figure 10 and hence it is concluded that specific speed 
of the designed plant is under the recommended area.  

 

Figure 10: Recommended maximum specific speed limit curve 

 
Head and the discharge of the one turbine is marked on figure 11 and hence it is concluded 
that the designed plant can use Francis pump turbine. 
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Figure 11: Turbine selection curve  

5   IMPACTS AND BENEFITS 
 
5.1 Social impacts 
 
The implementation of the proposed project will affect a number of residential houses, tea 
estate buildings and sub roads directly or indirectly. Many residential houses and tea 
plantation areas are covered by upper reservoir. Submerging area of the lower reservoir 
includes several small residential houses and less amount of agricultural areas of highland 
crops and small individual tea plantation areas. Most submerged area of the lower 
reservoir is abundant forest cover. None of the historical heritages, temples, churches or 
kovils are affected by the proposed plant. During the construction period considerable 
amount of waste would be accumulated. The debris collected during excavating and 
blasting can be used for land filling or solid can be used for civil construction industry. 
Furthermore, the dust during the blasting will cause respiratory diseases to the people 
nearby. Preventive methods should be used to avoid spreading dust. Heavy vehicles with 
huge load will be travelling in the access roads frequently to clear the debris during 
construction and hence the access roads will be damaged and the traffics will be formed. 
This will influence the regular habitual life of the public in the project area. 
 

5.2 Environmental impacts 

 
Part of the forest cover will be submerged by the lower reservoir and no any by upper 
reservoir. But during the construction, forest cover will be cleared in some amount for 
access roads, storage facilities and for the worker’s sites. This will lead to landslides and 
soil erosions. “Oolu Muwa” is an inhabitant animal in the project area. Huge noise and 
vibration during construction will lead forest animals to leave the nearby forest areas. 
During construction the vibration due to drilling will affect the base rock system. Loose 
rock will lead to landslides and underground water springs will be affected. Therefore, a 
study on the base rock system of the project area should be carried out and suitable 
preventive actions should be taken initially. During the construction seepage water is 
pumped out while drilling. Oil will be mixed with this seepage water and hence this water 
should not directly add to the natural water sources without treating. Moreover, cycling 
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the water between lower and upper reservoir will add some pollutants to the water and 
with the discharged water to the Kothmale reservoir, those pollutants will add to the 
Mahaweli River. Furthermore, due to cycling the water, algae will be produced and will 
pollute the downstream water. In addition to this pollutions in the cycling water will be 
leaked to the ground water while water is flowing through the tunnelling system. And also 
in a pumped storage power plant, water level in the reservoirs fluctuate rapidly and hence 
the damages to the embankments are high and then the soil contamination in the water is 
raised. During the construction period, due to blasting and operating heavy vehicles will 
discharge certain amount of CO2, toxic gases and dust to the environment. But the CO2 
emission of this project is less than a thermal power plant with same generation capacity. 
When compared the lifetime this CO2 emission is negligible. 
 

5.3 Technical Impacts 

 
Proposed lower reservoir is situated between the existing Upper Kothmale reservoir and 
the existing Kothmale reservoir. Therefore, collecting the initial water storage of the 
proposed reservoir will reduce the water flow to the Kothmale reservoir and hence the 
generation of the Kothmale power plant will be reduced accordingly. Hence the initial 
water storage of the proposed reservoir should be filled by flood water. 
 

5.4 Social Benefits  

 
This project will provide number of local employment during the construction phase. The 
project will also fuel business growth with opportunities creates by the presence of 
construction camps and hence increase income of the villagers. The project will furnish 
infrastructure developments including roads, electricity, communications, water supply, 
hospitals, land reclamation, etc. These improvements will certainly enhance continuing 
development area. 
 

6   LOAD FLOW ANALYSIS 

 
Suggested plant is planning to be connected to the national grid via Kothmale grid 
substation. Required implementations should be done in Kothemale grid substation. 
Transmission line length from suggested power house to the Kothmale grid is 15.5km. 
Kothmale grid is 200kV transmission grid. Furthermore, it is planned to take main pump 
up energy for the suggested PSPP from Puttalam coal power plant. Therefore, in load flow 
analysis only 200kV Transmission network part is considered. Initially demand was 
converted to the forecasted demand in 2025. Victoria has been taken as the swing bus. Then 
the suggested plant is added as a generating plant and load flow analysis is run in peak. 
Voltage of the buses which the suggested pumped storage plant is added has not changed 
more than the 10%. Therefore, it is acceptable to run the proposed plant in peak duration. 
Then in the off peak, suggested plant is added to the network as a load and load flow is 
run. Voltage variation of the buses which the suggested plant is attached are within 10%. 
Therefore, the plant can be run taking the pump-up energy from the network in off peak 
duration. 
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7     CONCLUSION 
 
Weaknesses of the Sri Lankan power sector is analyzed and identified the significance of 
introducing PSPP to improve those weaknesses such as low load factor, peak demand 
generation and limitation of adding renewable energy to power system. Several factors 
that should be analyzed before selecting favorable site for a PSPP is identified and six 
suitable locations are proposed for the further evaluation as per those factors. Then those 
proposed sites are evaluated and best location is selected in Kothmale. Lower reservoir is 
proposed in Yoxford across the Kothmala Oya and Upper reservoir is proposed in 
Caledonia across Agra Oya. It is understood that the flood water should be used to fill the 
initial water storage of the reservoirs in order to avoid any affect to the power generation 
of existing Upper Kothmale and Kothmale power plants. Selected site is further evaluated 
and relevant information such as rainfall and runoff details are gathered. Then the basic 
design figures of the suggested PSPP is determined by developing the water capacity 
curves of the reservoirs. Finally, the part of the transmission network of 220kV is simulated 
by PSSE after introducing the plant in both peak and off-peak hours as a generation point 
in peak and a load point in off-peak. As per the load flow analysis it is concluded that the 
proposed plant is significant to the welfare of the power system in Sri Lanka.      
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Abstract-This paper deals with the task of developing a robotic framework for analyzing 
Simultaneous Localization and Landmark Mapping (SLAM) algorithms using the Robotic 
Operating System (ROS).  The robot capability to navigate in a mapped or unmapped 
indoor environment according to the identified landmarks. The Beagle bone single board 
computer (SBC) which runs the ROS platform reads the inputs using the Light Detection 
and Ranging (LiDAR) sensor, process the data and feeds the outputs signals to the motor 
controller of the autonomous mobile robot. The LiDAR sensor sends the data to the SBC 
as a binary data stream. The main purpose of the robot development is to the analysis of 
Simultaneous Localization and Mapping (SLAM) algorithms and identify their 
performance to apply to an autonomous outdoor grass cutting robot. 

For this research, a probabilistic robotics approach is used. It represents describing 
uncertainty using the calculus of probability theory. These probabilistic robotics 
algorithms represent information by probability distributions over a whole space of possible 
hypothesis. These probability algorithms enable to accommodate all the sources of 
uncertainty. SLAM algorithms are probabilistic algorithms. In this research, FastSLAM, 
and tinySLAM algorithms are usedand the aim is to test the accuracy of these algorithms 
when identifying landmarks of an unknown environment using ROS. 

For the localization and mapping of the robot, ROS Navigation Stack is used because the 
developed autonomous robot has a differential wheel and Navigation Stack is specially 
designed for these types of robots. It holds all the information of the sensors attached to the 
robot using Transform Frames (TF) software library. This software library manages the 
transform tree which has information about each sensor attached to the robot. Also, this 
robot has a 3D model in which real-time shows the motion and the scanned map of the 
environment. Real-time visualization is envisaged by using Robot Visualization (RViz) 
tool in the ROS. After scanning the area, the map of the scanned environment can be 
plotted and test the accuracy of the maps. Usually, the data that comes from LiDAR sensor 
is saved in ROS bag files in binary format. 

Keywords: ROS, SBC, LiDAR, SLAM, RViz, Robot, Robot Visualization, LRF 

 
Nomenclature 

s - Pose of the robot 
z - Sensor observations 
u - Robot control 
 
Greek Letters 
θ - Position of the landmarks 
Θ- Set of all landmark positions 
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1    INTRODUCTION 

Simultaneous Localization and Mapping (SLAM) is an active research area in robotics. The 
first mention of SLAM problem occurred at the1986 IEEE Robotics and Automation 
Conference held in California. This was a time when the probabilistic methods were 
starting to be introduced into both robotics and Artificial Intelligence (AI) research areas 
and applications. The goal of the SLAM problem is to create a consistent map of an 
unknown environment using sensors attached to a mobile robotic platform. When the 
mobile robotic platform to be placed at an unknown location in an environment,the robot 
incrementally builds a consistent map of this environment while simultaneously 
determining its location within this map. With the expansion of the robotics research, the 
SLAM task becomes more important. There are several possible applications in agriculture, 
industry, entertainment and security areas(Petr &Miroslav , 2016).  

SLAM hasbeen formulated and solved as a theoretical problem in several different forms. 
SLAM has also been implemented in several different domains from indoor robots, to 
outdoor, underwater and airborne systems. At a theoretical and conceptual level, SLAM 
can now be considered a solved problem. However, substantialproblems remain in 
practically realizing more general SLAM solutions and notably in building and using 
perceptually rich maps and robotic framework as part of a SLAM algorithm(Durrant-
Whyte & Bailey, 2006).  
 
This research involves the design and development of a robotic framework for analyzing 
simultaneous localization and mapping algorithms. The main purpose of this framework 
to provide a platform to analysis e SLAM algorithms and use those algorithms to 
autonomously navigate a robot according to input data grabbed from a Laser Range Finder 
(LRF). This framework consists of a software platform and a robot. The software platform 
works as an extension library to Robotic Operating System (ROS), and it may help to 
process data quickly in the Beagle Bone Black single board computer (SBC) and output that 
processed data to actuators as signals to intelligently move a prototype mobile robot in an 
indoor environment. 

 

2    LITERATURE SURVEY 

2.1 Similar Systems 

There were some similar software platforms by different companies that can be used to 

develop and test SLAM algorithms. They were, 

• CARMEN 

• Mobile Robotic Programming Toolkit(www.mrpt.org) 

• Microsoft Robotics Developer Studio(MRDS) 

Some of these algorithms were proprietary and some do not have a good community 
around it. 

2.1.1 CARMEN 

Carnegie Mellon Robot Navigation Toolkit (CARMEN) is an open source mobile robot 
programming toolkit that supports localization, navigation, mapping, obstacle avoidance 
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and sensor control developed by a Carnegie Mellon University Research Team. As 
mentioned this framework supports sensors such as LRF, Sonar sensors, Hokuyo Infrared 
(IR) sensors, etc. However, the problem was, it has not community similar to ROS, and 
there are no development releases after the year 2008(Michael, et al., 2017). 

2.1.2 Mobile Robotic Programming Kit 

Mobile Robotic Programming Kit (MRPT) is an open source cross-platform C++ robotics 
programming toolkit that helps the robotics researchers to do test experiments about 
SLAM algorithms, but it is user specific. It has not community same as ROS as reported. It 
supports Extended Kalman Filtering (EKF), SLAM algorithms and able to grab datasets 
from robotic sensors(Jose-Luis , et al., 2017). 

2.1.3 Microsoft Robotic Developer Studio (MRDS) 

Microsoft Robotics Developer Studio (MRDS) is suitable for simulation and testing 
different robotic algorithms but it is proprietary and only runs on expensive hardware such 
as desktop computers. It does not support Beagle bone SBC(Microsoft, 2017). 

By considering the above systems and their community support,the selected frame work 
for the research is ROS because it has larger growing community and has many libraries to 
research on robotics. Also, it is distributed as an opensource software which can be freely 
accessible. 

2.2 Theoretical background 

2.2.1 SLAM algorithm 

In this research, SLAM on ROS and runs on Beagle bone hardware. Here a mobile robot 
that placed in an unknown environment and building up a map of the environment and 
localizing in that map according to landmarks. Here the expectation is to identify the 
landmarks in a two-dimensional (2D) map. 

In SLAM algorithm it takes a series of readings over discrete time frames. It computed an 
estimate of the robot’s location and a map of the environment. Here all the quantities were 
usually in probabilistic logic. Then applied a Bayes’ theorem to this probability function 
rule then it expressed as below format. 

The position of the mobile robot at time t denoted as st. This means the position of the robot 
in a 2D plane. The position of the robot at every time step can be written as the following 
equations where the symbols depicted in Table 1 below. 

𝑠𝑡 = {𝑠1, 𝑠2, 𝑠3, … , 𝑠𝑡}                                                                                                                    (1) 

The set of N landmark locations can be written as {θ1, θ2, θ3,… ,θN} and it is equal to, 

𝛩 =  {𝜃1, 𝜃2, 𝜃3, … , 𝜃𝑁}                                                                                                               (2) 

The control of the robot at time t can be written as ut. So then the set of all controls can be 
written as, 

𝑢𝑡 = {𝑢1, 𝑢2, 𝑢3, … , 𝑢𝑡}                                                                                                                 (3) 
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The observations that the robot get on the navigation can be written as zt. So the set of all 
the observations can be written as, 

𝑧𝑡 =  {𝑧1, 𝑧2, 𝑧3, … , 𝑧𝑡}                                                                                                                   (4) 

After applied the identity of the landmark corresponding to the observations zt as nt where 
n є {1,..., N} then the set of all data identities were expressed as, 

𝑛𝑡 =  {𝑛1 , 𝑛2 , 𝑛3, . . . , 𝑛𝑡}                                                                                                              (5) 

Then according to the probability was expressed as, 

𝑃 (𝑠𝑡, 𝜃|𝑧𝑡, 𝑢𝑡 , 𝑛𝑡)                                                                                                                            (6) 

Table 1: Symbols of the equations 

Symbol Description 

st The pose of the robot at time t 

st Set of all positions 

θN The position of the N-th landmark 

Θ Set of all N landmark positions 

zt Sensor observation at time t 

zt Set of all observations 

ut Robot control at time t 

ut Set of all controls 

nt Data associations of observation at time t 

 

If SLAM represented as dynamic Bayes’ network, it couldbe shownin Figure 1 below. 

 

 

 

 

 

 

 

 

 

Figure 1: SLAM as a Dynamic Bayes Network 
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Above mentioned SLAM algorithms have been used as one mathematical model in the 
Robotic Operating System (ROS)(Thrun, 2011).  

There are many SLAM algorithms developed in the world. From those algorithms, the 
SLAM algorithms listed in below have been chosen for this research. 

1. Fast SLAM 
2. DP SLAM 
3. Tiny SLAM (Core SLAM) 

2.2.2 Fast SLAM 

FastSLAM is a good SLAM algorithm and the supported by the Robot Operating System 
with g-mapping. It is using Rao-Blackwellized particle filtering based on landmarks. In this 
SLAM algorithm, each landmark is represented by a 2x2 Extended Kalman Filter (EKF). 
So, each particle has to maintain M EKFs (Here M number of map features). The complexity 
of Fast SLAM is stated as follows.(Serrata, 2017), 

• Constant time per particle O(N) 

• Log Time per particle O(N*log(M)) 

M= Number of Map Features 

N=Number of particles 

 
2.2.3 DP-SLAM 

In this algorithm, it works by maintaining joint distribution over robot positions and maps 
using a particle filter. Each and every particle corresponds to a distinct hypothesis reference 
to the map and the robot’s position and orientation within the map. Here the map consists 
of M map features and particle filter maintains P particles. Considering the complexity of 
the algorithm, implementation of particle filter that maintains distribution would require 
O (AP) work per iteration. DP-SLAM exploits the redundancy between the different maps 
to avoid copying maps in the resampling phase of the particle filters. It can perform a 
semantically equivalent computation and may copy with less effort. It maintains the 
ancestry tree of all the particles. Ancestry tree contains all of the current particles as leaves 
and parent of a given node represents the particle of the previous iteration from which that 
particle was resampled. DP-SLAM maintains only a single grid map. The efficiency of the 
localization step is directly affected by the size of the ancestry tree. Any node in the tree 
can absorb at most A from iteration iand ancestry tree is minimal has P leaves and at most 
P interior nodes. No interior node can absorb observations from two different particles 
from iteration i, the total number of observation merges resulting from the observation 
made at iterationi is bounded by AP. Here each observation merge costs O (log P). So in 
this algorithm, the cost for amortized analysis is O (AP log P). DP-SLAM 2.0 algorithm is 
used in this research(Stachniss, et al., 2017). 

2.2.4 Tiny SLAM (Core SLAM)  

This algorithm is the smallest SLAM algorithm. Unlike DP-SLAM tiny SLAM stores single 
position and single map at a time.  So it shows that tiny SLAM needs less memory than 
DP-SLAM. Because ofDP-SLAM needs more gigabyte data to process and graph a map. 
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Using the map and new odometry, tiny SLAM guesses the best new position for the robot 
and updates the map accordingly. This algorithm contains less than 200 lines of C code. It 
is the simplicity of this algorithm. 

By considering the above algorithms, tiny SLAM is the smallest algorithm. DP-SLAM is 
the more accurate algorithm because it can process larger maps. DP-SLAM similar to the 
Fast SLAM but the difference is each particle has a history of positions and maps. Fast 
SLAM is used as an alternative to EKF (Extended Kalman Filter) SLAM algorithm and has 
efficient time complexity(Stachniss, et al., 2017). 

2.2.5 Robotic Operating System (ROS) 

Robotic Operating System (ROS) is an open-source software library or a meta operating 
system that runs on mobile Linux operating systems. Meta Operating System means it runs 
on themain operating system that works as a separate operating system to do a specific 
task which the main operating system cannot achieve. It uses host operating systems’ 
services to get the power of its tasks. Robotic Operating System implements the Adaptive 
Monte Carlo Localization (AMCL) to grab the data from a Laser Range Finder (LRF) or 
Laser Illuminated Detection and Ranging (LiDAR) device.  AMCL is probabilistic 
localization method for a robot moving in a 2D environment. It uses a particle filter to track 
the position of a mobile robot against a known map. On startup, AMCL initializes its 
particle filter system according to the parameters provided. AMCL has many configuration 
options that will affect the performance of the localization. AMCL also can be extended to 
work with other ranging sensors such as sonar or Infrared Sensors (IR)(Foundation, 2017). 

 

3    DESIGNS OF HARDWARE AND SOFTWARE 

3.1 Design of hardware 

3.1.1 Block diagram of the robotic framework 

 

 

Figure 2: Block diagram of the system 
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Figure 2 depicts the block diagram of the robotic framework. There are two general 
purpose microcontrollers which are used separately from the main SBC for controlling the 
motors. SRF10 ultrasonic sensors used for detecting obstacles in the field to facilitate 
autonomous navigation. Each SLAM algorithm can be configured using a desktop/laptop 
computer via SSH. 

3.2 Design of software 

3.2.1 Solution Algorithm 

The main flow of the robotic framework is shown in Figure 3. LiDAR scanner collects the 
environment data as a distance from the scanner (robot) to each object.  Based on this 
distance information, localization and mapping can be computed using each SLAM 
algorithm.  

 

Figure 3: Main flow of the robotic framework 
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3.2.2 Customizations of the ROS navigation stack 

The detail description of customization of the ROS navigation stack is shown in Figure 4. 

 

 

Figure 4: Customized Navigation Stack of the ROS 

In this research, the software platform is the main actor. Here the “ROS Navigation Stack” 
was selected because it facilitates for moving differential robots. The navigation stack 
needs to know the position of the wheels, joints, and the sensors attached to it. The 
Transform Frames (TF) library which manages a transform tree of the ROS was used to 
define it. This library is capable of computed complex mathematical calculations. The user 
can customize this library when the user wanted to add more sensors to the robotic 
framework. The TF library builds all the relation of each sensor attached to the robotic 
framework. 

As an example, to add a new sensor to the robotic framework, it also needs to add a new 
frame to the transform tree with the dimensions. After adding a new frame, it helps to 
easily identify the position of the sensor according to the wheels of the base. Calling the TF 
library gives the transformations of that sensor. 

Specially created launch file was used which can run all the custom created ROS nodes 
concurrently. It was beneficial when running the robot as autonomously. Individual restart 
needed for each algorithm to runs the autonomous robot. Because ofone algorithm can be 
responsible for process data when reads from the laser range finder and pose the robot in 
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a known environment. The basic file structure of SLAM robot package was implemented 
as follows. 

Here “catkin_create_pkg slambot” command used to create the slambot package. Modular 
“catkin_make” build method used to create the slambot package(s) because it is better than 
oldest “rosbuild cmake” package build methods. The directory structure of the current 
configuration as shown in Figure 5. 

 

 

 

 

 

 

 

 

 

Figure 5: Directory structures of the source codes and launch files of the robotic 

framework 

It defined the robot’s movement environment in a *.yaml file. It is namedas 
“custom_map.yaml.” It has the virtual environment and virtual objects. After the robot is 
startedin a real environment, it moves through the area. While scan, the “rosbag record” 
command will store the data in a bag file. Then in the next round when it navigates using 
with the help of “RViz” graphical tool, it will able to identify the object which is not defined 
in the map file. This is the basic concept work in this robotic framework. 

The “CMakeLists.txt” has the description about the all C++ source files and ability compile 
all *.cpp files concurrently. 

The“slamrobot_test.launch” file has the description about laser node, base_controller node, 
broadcaster and listener nodes and cost map files and description about map and bag files 
and when it launches through the Linux terminal, the robot can work autonomously. 

ATmega32A microcontroller is used to communicate with Beagle Bone Black SBC that 
sends the odometry data from sensors and actuators via the RS232 protocol. Custom wrote 
C++ header file which follows the rules of “rosserial” library developed for ATmega32A 
to convert odometry data into ROS messages. The received data will be used in the ROS 
navigation stack to avoid the obstacles in a known recorded map environment. 

Separate ATmega8A microcontroller used to control the rotation mechanism of continuous 
rotation servo motor. This helps to start or stop the servo motor to control the RpiLiDAR. 
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4    FABRICATION OF HARDWARE 

 

 

 

 

 

 

 

 

 

Figure 6: Upper deck of the robot 

Figure 6 depicts the upper deck of the robot. It consists of rotating LiDAR Lite Rangefinder, 

continuous rotation servo motor, 3.3v to the 5v level shifter, Inter-Integrated Circuit (I2C) 

hub for LiDAR Lite Rangefinder, Servo motor signal controller and two of LM2596 

switching mode regulators. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Side view of the robot 
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Figure 7 depicts the side view of the robotic framework. The battery packs were included 
between the upper and lower decks of the robotic framework’s body with all the other 
components.  

5    EXPERIMENTAL SETUP 

This system worked as a Simultaneous Localization and Mapping robotic framework. 

After the system powered on, logged in to robotic framework’s Linux terminal via secure 

shell (SSH) protocol and started the “roscore” to power on the ROS meta operating system. 

Three algorithms “FastSLAM”, “DP-SLAM” and “tinySLAM” were selected here. Each 

algorithm runs with the robot with the individual restart. To launch each algorithm, 

separately used specific launch files for each algorithm. When the robot moves through the 

unknown area, it scanned and recorded the objects around it. Custom wrote ROS package 

and rosnode were used for laser scanning. The “rosbag” file responsible for recording that 

information after the first run of the robot. When playing the “rosbag” file for each and 

every algorithm, it was able to generate maps according to the laser and odometry data 

included in the rosbag file. For the indoor autonomous robot navigation, the “RViz” 

graphical tool visualizes the autonomous navigation when the robot starts to move 

according to the generated map with the help of configured SLAM algorithm. 

Figure 8 depicts the experimental setup of the research. There are four obstacles around 

the robot and the robotic framework configured with each SLAM algorithm to analyse 

the behavior of each algorithm in the same environment.  

 

 

 

 

 

 

 

 

 

 

Figure 8: Coverage area of the autonomous robot 
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6    RESULTS AND DISCUSSION 

6.1 Results 

Figure 9 shows the customization steps of the LiDAR lite sensor on the ROS node 

 

 

 

 

 

 

 

 

Figure 9: Customization of lidar lite on the ROS node  

Figure 10 shows the list of ROS topics that are running on the ROS. 

 

 

 

 

 

 

 

 

 

Figure 10: ROS topics that are currently running which includes the laser node 

Figure 11 shows the RViz window that shows the laser topic and the odom_combined 

topic as transfer frames (TF) for TinySLAM algorithm. 
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Figure 11: RViz window that shows the laser topic and the odom_combined topic as 
transfer frames (tf) for tiny SLAM 

Table 2 depicts the comparison of the actual distance and the LiDAR sensor reading for 

one object in the different distance on the experiment setup. There is an average 2.5 cm 

error in the sensor reading when compared with the actual distance. According to the 

datasheet of the LiDAR sensor, there is ±2.5 cm error found as specified by the sensor 

manufacturer. 

Table 2: LiDAR Sensor readings compared with actual measured distances 

Actual 
Distance 

(cm) 

LiDAR sensor 
readings (cm) 

Error in 
readings (cm) 

150 148 2 

100 97 3 

90 87 3 

80 78 2 

70 67 3 

60 57 3 

50 48 2 

40 39 1 

30 27 3 

20 17 3 

10 8 2 
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Without correcting the LiDAR sensor reading, the same sensor readings are applied to the 

selected SLAM algorithms named FastSLAM and TinySLAM.Table 3 shows the distance, 

the time consumed and reading error for the FastSALM algorithm. 

Table 3: Distance, time, and accuracy for FastSLAM algorithm 

LiDAR sensor 
readings (cm) 

Distance computed 
FastSLAM(cm) 

Error in 
readings (cm) 

Time Taken 
(ms) 

148 147 1 500 

97 96 1 490 

87 87 0 500 

78 76 2 480 

67 65 2 490 

57 56 1 500 

48 48 0 480 

39 39 0 500 

27 26 1 500 

17 16 1 500 

8 8 0 490 

 

There is an average less than a 1cm error in the FastSLAM algorithm according to the 

LiDAR sensor readings and average 495ms time taken to complete the task for the 

FastSLAM algorithm. 

Table 4 shows the distance, the time consumed and reading error for the TinySALM 

algorithm. 

Table 4: Distance, time, and accuracy for TinySLAM algorithm 

LiDAR sensor 
readings (cm) 

Distance computed 
TinySLAM(cm) 

Error in 
readings (cm) 

Time Taken 
(ms) 

148 145 3 320 

97 94 3 310 

87 86 1 290 

78 76 2 310 

67 65 2 320 

57 55 2 280 

48 46 2 310 

39 37 2 300 

27 25 2 320 

17 16 1 290 

8 7 1 300 
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According to the Table 4, There is an average2cm error in the TinySLAM algorithm 
according to the LiDAR sensor readings and average 300ms time is taken to complete the 
task for the TinySLAM algorithm. 

6.2 Discussion 

Numerous investigations about existing computers and processing boards were done 
before doing this research which runs the ROS. Therefore, desktop, laptop computers, 
Raspberry Pi and the beagle bone black SBC were selected. Since, the requirement to make 
a portable robotic framework, the desktop and laptop computers were not considered. 
Thus, Raspberry Pi and Beagleboneblack processing boards were chosen. Next, the 
Raspberry Pi processing board was eliminated due to a limited number of GPIO pins, and 
it was based on ARM version 6 processor. Then, Beagle Bone Black processing board was 
selected because it has ARM version 7 Texas Instruments processor and 46 of GPIO pins. 
After that, the Ubuntu 14.04 armhf version was installed for beagle bone black processing 
board. Finally, ROS indigo meta operating was fixed for Ubuntu 14.04. 

Also, three SLAM algorithms: Fast SLAM, tiny SLAM and DP-SLAM were taken to 
compare the accuracy of maps which were generated through the data collected from 
LiDAR sensor. However, due to resource limitation of the experiment setup, the DP-SLAM 
algorithm was not implemented. Hence, those generated maps were used for 
autonomously navigate a robot through a known environment. Here, Monte -Carlo 
localization was used for autonomous navigation inside ROS. 

When comparing selected SLAM algorithms, the map generated by the FastSLAM 
algorithm is sharper than the map generated by the TinySLAM algorithm. However, 
FastSLAM took considerable time to process the mag generation process with compared 
to the TinySLAM algorithm. Even though, TinySLAM showed significant distance error 
with compared to the FastSLAM algorithm.  

To configure the PWM devices such as servo motors for rotating the LiDAR sensor, 
specialseparated microcontroller was used. And also, a specific “device tree” overlay file 
was used to get the encoder readings from IR sensors because beagle bone black processing 
board has no Basic Input Output System (BIOS) to identify the devices attached to the 
system when the system power on. Addition to that, the facility to supervise the robot’s 
each and every sensor remotely was added and scanned the laser data using the Robot 
Visualizer (RViz) tool. 

7    CONCLUSION 

In this research, the main aim was to develop a Robotic Framework for Analyzing 
Simultaneous Localization and Mapping Algorithms using the Robotic Operating System. 
The selected components and the fabrication of the robotic frame work were successful. 
The selected Beagle Bone Black SBC that act as ROS master node and succeeded with two 
of SLAM algorithms out of three that process the laser data from LiDAR sensor. The 3D 
rendering of Beagle Bone Black SBC was not at a satisfying rate and the “RViz” graphical 
tool freezes well when generating maps or sending 2D pose commands for navigation. The 
DP-SLAM algorithm was unable to run from this processing board because it needs more 
processing power and considerable memory. Also, the custom coded “rosserial” C++ 
wrapper unable to communicate with the serial port of the Beagle Bone Black processing 
board. 
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The concept used in the robotic framework can be applied to build a robot that can move 
through an outdoor area used to cut grass after some modifications. The rotational LiDAR 
unit can be used without any modifications for the outdoor robot. Intel NUC processing 
board can be used as the main processing board instead of Beagle Bone Black processing 
board. Intel NUC has a good processor such as Intel Core i5 and will be well suited to 
execute the SLAM algorithms similar to DP-SLAM. 
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