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Foreword

| am delighted to write the foreword for the Volume 1l of the “Thrue Rig Sar Toed -
academic excellence through research and innovation”, a publication of Jigme Namgyel
Engineering College (INEC), where selected scholarly works of students and academics
are published. Thrue-rig Sar-toed is a humble intent to showcase the scholarly works
carried out by students and academicsin their respective areas of expertise.

The inaugural volume of the Thrue-rig Sar-toed has been well received and | would like
to thank our esteemed readersfor your support. Every great thing has a humble beginning,
likewise, Jigme Namgyel Engineering Collegeisan academic institution that truly believes
in taking baby-steps to be able to finally run and achieve greater heights. The first volume
of the publication has given us adequate experience and it is our hope that the second
volume will help our researchers gain additional experience and enable them to carry out
meaningful research works that have deeper impact on the society. In addition, we hope
that our esteemed readers are able to connect better with the papers.

Education that we receive will have no meaning if we are not able to bring about positive
changes to the society and the mankind. We must provide education to help the mankind
and not to destroy it. Therefore, all research works carried out in the academic institutions
must be targeted towards eventually bringing benefits to the society. The second volume
features seven papers selected from the 2nd Annual Inter-programme Conference held in
Jigme Namgyel Engineering Collegein 2018.

| would humbly request all readers to continue to support us and provide constructive
criticism and feedback to enable us to grow further and contribute towards meaningful
research and innovation in the area of applied engineering, technology and management.

| would like to congratulate all researchers for your hard work and contribution and
continue to hope that we are able to make humble impacts to the society through this
publication.

Tashi Delek!
Andu Dukpa, PhD
(President, INEC)
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Study on Adaptation of Sustainable Urban Drainage System (SUDS) to Urban
Discharge in Samdrup Jongkhar Town, Samdrup Jongkhar: Bhutan

Tashi Tobgay?*, Nima Tshering?, Prakash Laabar®, Dhan Kumar Mongar4, Tshering Yangchen®, Phurba Tamang®

Department of Civil Engineering and Surveying, Jigme Namgyel Engineering College
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Abstract— Increasing urbanization has caused
problems with increased flash flooding after
sudden rain. As areas of vegetation are replaced
by concrete, asphalt or roofed structures, leading
to impervious surfaces, the area loses its ability to
absorb rainwater. Thiswater isinstead directed into
surface water drainage systems, often overloading
them and causing floods. SUDS replicates the
drainage patterns of natural systems by using cost
effective solutions with low environmental impact
to drain away dirty and surface water run-off
through collection, storage and cleaning before
releasing back into the environment. This research
incorporates a case study in Samdrup Jongkhar
town as the area generates massive urban discharge
that leads to contamination of adjoining water
courses. The paradigm of SUDS solutions should
be that of a system that is easy to manage, requiring
little or no energy input, resilient to use and being
environmentally attractive. Based on the feasibility
study several SUDS approaches are recommended
for the town. Approaches such as rain gardening,
rainwater harvesting, sand filters and parks, etc are
suggested to make use of rainwater, to attenuate
pressure on existing water supply and to reduce
contamination of watercourses.

Keywords— Sustainable Urban Drainage System,
Rainwater, Rainwater Harvesting, Rain Gardening,
Sand Filters

1. INTRODUCTION

Drainage is an essential component in urban
planning, as it manages proper discharge of rain and
wastewaters from the town and disposes away from
the settlement. Improper management of drainage
systems can lead to over flow in towns and cities
subsequently affecting the overall health of adjoining

water courses and deteriorating the aesthetic view of
the area. In Bhutan, conventional drainage systems
are majorly adopted which fails to function during
peak rainy seasons leading to overflow and at times
leads to genesis of pavement distresses. Urban
discharges tend to even pollute adjoining water
courses and can contribute to flash flooding if the
factors for drainage designs are compromised by the
planners. In Bhutan, urban discharges were found to
contaminate the adjoining water courses. In Thimphu,
the Wangchu river that runs through Thimphu city,
Bhutan’s biggest and fastest growing urban center,
is more polluted as it passes through the main town
and flows downstream as per the report of National
Environment Commission. The drain stream that
runs from the middle of the city, passing the public
toilet and flows into the Wangchu near the vegetable
market has an average total nitrogen content of
about 13 mg/I (milligrams per liter) and about 1.35
mg/l of total phosphorus. SUDS are an alternative
way of urban drainage to collect, clean and release
storm water slowly in the environment in natura
manner. They are designed to minimize surface
runoff and urban flooding which might increase the
volume of adjoining water courses. Additionally,
it incorporates range of draining techniques which
includes filter and infiltration trenches, permeable
surfaces, water storage, water harvesting , ponds,
etc. It is a new understanding of storm water as a
resource rather than that as awaste product, nuisance
or hazard. In this approach, attempts are made for
the feasibility check on implementation of any of the
SUDS techniques or its integration with the existing
drainage system of Samdrup Jongkhar town.

2. LITERTATURE REVIEW

Steven J. Burain describes the necessity
of proper and efficient drainage system. It also
compares the drainage system of the past and the
present, which without any doubt points to the fact

that for ahealthy environment especially in the areas
where the proper design and planning of the drainage
systems are inevitable.

Duration Frequency (SDR-IDF) Equation for
Sylhet City in Bangladesh, describes the rainfall as
a triggering factor for road slope failure. Moreover,
study of rainfall and its measure is important as to
understand the causes of the failure, the absence of
hourly or short time period rainfall in the region is
hindrance to similar cases of study. This study makes
an attempt to calculate the short time period rainfall.

Saleh A.Al Hassoun developed an empirical
formula to estimate design rainfall intensity based
on intensity duration frequency( IDF) curves. These
curves have been generated from a 32 year recorded
rainfall data for Riyadh region. Rainfall intensity
-duration-frequency curvesdescriberainfall intensity
as a function of duration for a given return periods
which are important for the design of storm water
drainage system and hydraulic structures specifically
for the rational methods.

Theodore G. Cleveland describes the use
of rationa method in general for the institution
community areas. It also describes the applicable
area of rational method. M. M. Rashid, S.B. Faruque
and J.B. Alan in modelling of short duration rainfall
intensity.

3. METHODOLOGY
3.1Study Area

The study area is in Samdrup Jongkhar town,
which is located at south east part of Bhutan with
an altitude ranging from 200 m to 900 m above the
sea level. The town shares a border with Darranga,
the Assam state of India. The study area is divided
into three zones as shown in Figure. 1. Zone I
comprises the premises within the main town area.
Zone Il is the residential area of National Housing
Development Corporation Limited along Dungsam
river. Similarly, Zone III incorporates the Dzong
area including the SMSS (Samdrup Jongkhar
Middle Secondary School) and hospital area. Due to
improper urban planning scheme, the drainsin these
areas have clogged and lacks maintenance at several
locations.

3.2 Preliminary survey

The preliminary survey for this research covers
the following procedures.

¢ Visual inspection and identification of problems
with existing drainage system.

 Dividing the study area based on the frequency
and intensity of drainage issues into respective
zones.

 |dentifying sources of urban discharges apart
from rainwater to evaluate possible risk of

Figure 1: Sudy Area (Samdrup Jongkhar Town)




Dungsam river contamination.

e Identification of areas for establishment
of sampling stations in respective zones for
feasibility check on implementation of SUDS
techniques.

Major issues pertinent to existing drainage
system are identified as follows:

Improper maintenance of drains

Most of the existing drains found in town were
clogged with bushes, soil and plastic wastes which
offered hindrances in water movements. These often
leads to over flooding during monsoon period.

Poor drainage along the pavements

Most locations, lack proper drainage system
for run off from the roads. Additionally, the
existing drains are poorly maintained. As the town
expects heavy rainfal, there is no proper disposal
of water leading to stagnation of water on the
road. Consequently, frequent stagnation results in
pavement deterioration over time.

Direct disposal of household wastewater into the
river

Due to the lack of proper disposal site for the
wastewater, the surface runoff from existing drains
get mixed with the wastewaters from household
which in turn increases the pollution load in the
adjoining river. Residents of the town often depend
on thisriver when there are water chaosin the town
especially during monsoon season.

3.3 Secondary Data Survey
3.3.1 Rainfall Intensity

Rainfall intensity is related to rainfall duration
and design storm recurrence interval. For this study,
twenty four hoursrainfall datafor return period of 10
years was collected from Hydro-met station located
at Dewathang. The intensity for 10 years of return
period isrepresented in Table. 1.

3.3.2  Determination of runoff Discharge

One of the most commonly used procedures
for calculating peak flows from small drainage less
than 200 acres is the rational method. This method
is most accurate for runoff estimates from small
drainages with large amount of impervious area. The

Rational Method isthe simplest method to determine
peak discharge from drainage basin and the run off
dischargeis calculated using the following equation.

Discharges were calculated for drains, parking
areas, pavements and roofs. Based on the discharges
availed from the rational method for different areas
appropriate drains were planned for design with
respect to the design discharge.

4. FEASIBILITY CHECK FOR SUDS

Thefeasibility check on the SUDS approaches
dependson the choice of techniquesthat isbest suited
for the study area. For Samdrup Jongkhar town, the
check lists includes a park at severa locations to
increase rate of infiltration, rain water harvesting
and rain gardening to store and use rainwater as an
alternate resource, infiltration trenches to reduce run
off from pavements and footpaths and finally rapid
sand filters to attenuate pollution rate of adjoining
rivers. The following are the phases that completes
the feasibility check of SUDS.

Table 1: Rainfall Intensity for Return Period

Return Rai nfgll Rai nfgll
Sl. No Periods Intensity Intensity
(mm/day) (mm/hr)
1 1 156 6.52
2 2 171 7.12
3 3 185 7.72
4 4 200 8.32
5 5 214 8.92
6 6 228 9.51
7 7 243 10.11
8 8 257 10.71
9 9 271 11.31
10 10 286 1191
4.1 Laboratory Test

41.1 Grain-size distribution

This test determines the particle size distribution
of soil from the coarse sand size down to fine silt
and clay size. The data for particle size distribution
test is used to determine suitability of soil for its
permeability criteria. Sandy soils are generally

preferred for its permeability and subsequently
can be used for planning detention ponds to ensure
filtration of wastewater naturally into the sub soil
strata. The soils were tested for permeability along
the main drains where it adjoins the main river.

4.1.2 Water Quality Assessment of Dungsam
River

The water samples before and after the outfall
were collected to assess the water quality. The
assessed water parameters were studied and analyzed
to choose preferable filtration approaches to reduce
water pollution. The water samples were tested for
pH, turbidity, dissolved oxygen and total dissolved
solids.

4.2 Data Representation

The data obtained from test performed on soil
and water samples are represented on Figure. 2 and
Table. 2 These values will be later utilized to make
essentia inferences .

4.3 Design of Drainage System

Based on discharges obtained from respective
drains and the main drains, the existing drainage
systems within the vicinity of the town were re-
designed. The designed drainage systems can
help in reducing the runoff during monsoon and

will have less clogging as every designs have self
cleaning attributes. The details of both rectangular
and trapezoidal drains are furnished in Table. 3 and
Table. 4

5. RESULT

Referring to soil and water test data it can be
inferred that all the zones do not have a properly
graded sandy soil which is not feasible for planning
of detention ponds rather, a filtration unit is essential
to improve water quality of urban discharges.
Therefore, a rapid sand filter is proposed to mitigate
water pollution at main outfalls. The following
conclusions were also drawn.

Frequent maintenance of existing drains need to
be carried out to prevent clogging and overflows.

The existing main drains in the town were
sustainable for future years but the sub drains causes
prevent over flooding.

The effluent from main drains were found to
contaminate Dungsam river whereby the effluent
needs treatment before disposal.

Drains adong the road should be properly
maintained and should be kept free from growth of
bushes.

Suitable SUDS techniques should be
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Figure 2: Grain Sze Distribution Curve for study zones



Table 2: Data representation of water quality assessment

Table 4: Design Detains for Trapezoidal

Zone Sa;r)g?rl:tng Parameters Unit Permissible Limits | Result ?se?j_ Discharge \(ﬁg:g Adrf;' I’(l) f P\érvi?::tder Hég;?ﬁgc V-\;i(z:l?h H>[/)derpatL::IC ?/%?hm SI(ggJe
- drain (A) (P (R) (T) (D) (B)
Temperature Degree Celsius 5-25 23.09
D1 1.3578 15 09 2.504 0361 | 167 1.157 0.603 | 0.005
Water Above pH : pH 6585 4.3 D2 3.229 15 22 3.862 0557 | 2575 | 1784 1435 | 0.003
the Outfall Turbidity NTU 10-25 269 D3 1464 15 1 26 0375 | 1734 | 1201 0651 | 0005
Dissolved Oxygen mg/| 45 0.18 D4 1.338 15 09 | 2486 0350 | 1657 | 1148 0595 | 0.005
Zorel Total dissolved Solid mg/| 300-500 0.439 D5 1.363 15 09 | 2509 | 0362 | 1673 | L1159 0606 | 0.005
Temperature Degree Celsius 525 22.88 DI 3.229 15 22 | 382 | 0557 | 2575 | 1784 1435 | 0.003
Water Below DH_ pH 6.5-8.5 S.47 D6 4.4101 15 2.9 4513 0651 | 3009 | 2085 196 | 0.002
the Outfall Turbidity NTU 10-25 1785 D7 | 23001 | 15 16 | 3323 048 | 2215 | 1535 1.062 | 0.003
Dissolved Oxygen Mg/l 4-5 0.17 D8 21771 15 15 3171 0.458 2.114 1.465 0.968 0.004
Total dissolved Solid g/l 300-500 0.84
Temperature Degree Celsius 5-25 22.96
pH pH 6.5-8.5 4.97
Vl’r?;e{)ﬁtkf’;‘l’e Turbidity NTU Oct-25 234
Dissolved Oxygen Mg/l 4-5 0.16
Zonell Total dissolved Solid g/l 300-500 0.825
Temperature Degree Celsius 5-25 22.67
pH pH 6.5-85 6.24
V:’r?;egﬁt?alo;’v Turbidity NTU 1025 238.4
Dissolved Oxygen Mg/l 4-5 0.35
Total dissolved Solid ol 300-500 1.08 i
Table 3: Design Detains for Rectangular Drain |
Figure 3: Rain Garden
. . Areaof | Wetted | Hydraulic To Hydraulic
Dﬁ?;fed Discharge \(’:'1/';‘23’ dan | Paimaer | Redus | widh )IIDepth S'(g';’e
(A) P (R) M (D)
D1 1.3578 15 0.9 2.69 0.34 1.35 0.81 0.006
D2 3.237 15 2.2 415 0.52 2.08 1.25 0.003
D3 1.472 15 1 2.8 0.35 14 0.84 0.005
D4 1.346 15 0.9 2.68 0.33 1.34 0.8 0.006
D5 1.371 15 0.9 2.7 0.34 1.35 0.81 0.006
DI 3.237 15 2.2 415 0.52 2.08 1.25 0.003
D3 4.4101 15 2.9 485 0.61 2.42 1.45 0.003
D4 2.3901 15 16 3.57 0.45 1.79 1.07 0.004
D5 21771 15 15 341 0.43 1.7 1.02 0.004

Figure 4: Water Harvesting
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Figure 6: Infiltration Trenches along the roads

Figure 7: Proposed Park

Carriage Width (3.5 m)

Figure 8: Road for the town
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Figure 11: Proposed SUDSfor Zonellll

implemented in respective zones to attenuate issues
related to urban discharge.

The proposed SUDS techniques feasible for the
town are represented in Figure 3, Figure 4, Figure
5, Figure 6, Figure 7 and Figure 8. They have been
represented on the existing map of the town as
shown by Figure 9, Figure 10 and Figure 11.

6. RECOMMENDATION

The recommendations from this research have
been laid out as following.

6.1 Recommendations for Planners

Proper road geometry with drainage system
should be provided for all roadsin Samdrup Jongkhar
town.

Drainage layout plan needs to be properly
planned before execution.

Implantation of SUDS technique such as rain
water harvesting to solve water related issues in the
town.

Construction of park and infiltration trenches can
help to reduce run offs in respective zones.

Rapid sand filters can be can be used to treat the
effluent before disposal.

6.2 Recommendations for future researchers

Thisresearch waslimited to only urban caichment
areas (road, parking and roofs) and provides limited
data for future referencing. Future researchers can
increase the catchment area and work for datain line
with existing data.
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Abstract— This project illustrates the use of
Geographic Information System (GIS) tools and
numerical Multi-Criteria  Evaluation (MCE)
techniques for selection of suitable sites for urban
development in Dewathang. This project was
conducted to identify suitable sites for Commercial,
Residential, Recreational, Parking, Solid Waste
and Protected Forest Area using GIS-based multi-
criteria evaluation of slope, road proximity, land
use, land values, aspect, altitude, proximity form
core town and other such criteria. . Criteria weights
and maps were combined using Weighted Overlay
Technique to identify and locate most suitable
sites for above activity. The results of analysis
have shown that there are 65.94 acres suitable for
commercial, 137.85 acres suitable for Residential,
18.04 acres suitable for Recreational, 21.10 acres
suitable for Parking, 26.30 acres suitable for Waste
Disposal and 132.51 acres suitable for Reserved
Forest Area within the study area.

1. INTRODUCTION

The suitability analysis for urban growth is
considered one of the most important and effective
techniques for identifying the best urban growth
locations. This technique employs different types of
criteria and weights [1]. Land suitability evaluation
involves the selection of suitable locations of
development via mapping of the suitability index
of a specific area [2]. GIS techniques have become
a significant tool for controlling and monitoring
changes in urban development and their impact on
ecosystems [3]. Site suitability analysis based on
GIS environments is a process that aims to identify
the best locations of development while considering
environmental sustainability.

2. MATERIALSAND METHODS
2.1 Sudy Area

The project site Dewathang town is situated in
Samdrup Jongkhar Dzongkhag, Eastern Region of
Bhutan at an elevation of 744 meters above the mean
sea level with a total planning area of 2.53 sg.km.
Thetown islocated at adistance of 18 Km along the
intermediate highway from Samdrup Jongkhar town,
an international border town. Samdrup Jongkhar
Thromde (Municipal) area includes the area under
the Samdrup Jongkhar town as well as the settlement
in Dewathang town [4].

2.2 Data source

Data used in this study were assembled from a
variety of sources (Table 1). The primary data that
is the 1:25000 topographic map was gathered from
Samdrup Jongkhar Thromde. In addition geospatial
datasets such as Geo-Eye Satellite Image of 0.5m
resolution, ground elevation Model (DEM) with
5m x 5m spatial resolution, were incorporated.
Moreover, demographic data was collected from
Dewathang Structural Plan to analyze population
density per Kebeles using GIS shape files.

All data were projected to DRUKREF 03
Samdrup Jongkhar projection, Transverse Mercator
Zone 45 North.

12



Table 1: List of data and their original source

3(’) Data Type Data Source
1 | Topographic map | Sumdrup Jongkhar
Thromde
2 | Satelliteimage Department of Mines
(Geo-Eyeimage | and Geology
Resolution (0.5m)
3 | DEM file Converted from Base
map (NLCS)
4 | Population Dewathang Structural
Plan
5 | NLCSground NLCS
control points
6 | Existing and Samdrup Jongkhar
Proposed Road Thromde
Network
7 | LAPBoundary Samdrup Jongkhar
Thromde

The various data (Table 1) were processed and
analyzed using ArcGIS, LisCAD and Google Earth
asappropriate. Topographic analysis, parcel analysis,
network analysis digitization and classification
were some of the analysis performed on the data.
Tabular datafor population from structural plan was
forecasted for 10 years to incorporate in the project.

2.3GISbased AHP

The selection of suitable sites is based upon
a specific set of local criteria. Criteria is a general
category of information concerning the site being
evaluated [5]. The characteristics of a site (e.g.,
present land use, slopes, water ilability,distance from
roads, altitude, etc.) influence its suitability for a
specific purpose such as Commercial, Residential,
Recreational, Parking, Solid waste, and Protected
Forest area.

In this project, previous studies and expert
opinions were used to identify the significant factors
that influence the determination of appropriate
sites for specific urban planning use. GIS based
site suitability analysis involves geographical
representation and classification of appropriate
parameters based on their relative importance and
suitability score.

semcsmty | e o d Frmtem s

Figure 1: Flow Chart for Suitability Analysis for
Urban Planning

Table 2: Saaty’s 9 point weighing Scale

Description of preference Scale
Equally

Equally to moderately
Moderately

Moderately to strongly
Strongly

Strongly to very strongly
Very Strongly

Very strongly to extremely
Extremely

Ol |IN|oO|O|R|WIN]|F

To do this, a pairwise comparison matrix using
Saaty’s nine-level scale (Table 2) for identifying
relative weights was used. The calculation of factor
weights was applied after the formation of the
pairwise comparison matrix.

The next step involves the computation of
Consistency Ratio (CR), which is used to verify the
reliability of the judgment of the decision maker.
The acceptable Consistency Ratio (CR) should
be CR < 0.10, which refers to a reasonable level
of consistency in the pairwise comparisons [6]. In
contrast, CR > 0.10 refers to ratio values that are
indicative of inconsistent judgments.

In AHP, all identified factors are compared against
each other in a pair wise comparison matrix which is
a measure of relative preference among the factors.

13

The pairwise AHP calculates the weights values and
build the estimation matrix for the influencing factor

2.4 Quitability Map

Based on the given priority preferences for
every set of criteria under commercial, residential,
recreational, parking, solid waste and protected
forest area; respective criteria maps were prepared
using GIS. These criteria maps were reclassified
respectively to develop suitability criterion such as
not suitable, less suitable, moderately suitable and
highly suitable and then overlaid using Weighted
Linear Overlay Method and the influencing weight
factor calculated from AHP to obtain a final
suitability map.

The Weighted (WLC) was computed using the
formula adopted by [6] as

f A

- (;wi x xi.) x e

Where;

S = Suitability map

¥ = Sum of weighted factors
n = Number of Criteria

Wi = Weights of each criteriai
Xi = Score of the criteria

Cj = Restriction (Boolean map represented with
valuesof O or 1)

I1- Product of restriction (1-suitable, 0-unsuitable)

3. SITE
PLANNING

SUITABILITY FOR TOWN

Planning in any town or city isan essential part of
growth, development, and sustainability of resource.
Proper town planning provide the overall economic
stability and growth in a community, public services
to meet the genera needs of the community and
protect the environment [7]. For sustainable town
planning, the selection of potential site is critical
point for starting, expanding or changing the location
of town. The main objectives of site suitability
analysis is finding the most appropriate site for a
particular activity with desired conditions defined by

the selection criteria.

Site Suitability Analysis for Commercial,
Residential, Recreational, Parking, Solid-waste and
Protected Forest Areais crucia for a planned urban
growth.

3.1 SteAuitability Analysis for Commercial Area

Commercial Area are the most glorious places
these days with their attractive shops and a wide
variety people where people spend their weekends
to relax and shopping. The increase in the population
will cause a demand for easier and quicker access
to food, clothing and home products creating an
increase in economic business growth [8]. Effective
criteria (factor) used in the identification of suitable
sites for commercial area with their individual
importance is shown in Table 3 and the weights of
their influencing factor for suitability analysis is in

Table 4.
Table 3: Summary of Criteria for Commercial

Development Area
CriteriaMatrix for Commercia Devel opment

Area

Criteria

Sub-Criteria

Weight

Distance from exist-
ing Commercial area

0-400m

400-800m

800-1200m
1200-1600m
1600-2000m
Distance from High- 0-200m
way 200-400m
400-600m
600-800m
800-1000m
Slope 0-12%
12-18%
18-23%
23-28%
28-57%
Buildup Area
Road
Barren Land
Thin vegetation
DenseArea
Cultivated Area

Land Use

RPIN|IW|_|O|O|RPIN|IW|RO|RP|IN|W|RA|ORPIN|W]A]|O

14



Table 4: Influencing Weights of Criteria

Criteria Weightage
(%)
Distance from existing Commer- 56
cial area
Distance from Highway 26
Slope 12
Land Use 6

Criterion maps were prepared for Table 3in GIS,
reclassified and all the criteria maps were overlaid
using the influencing weights of Table 3 to produce
a site suitability map for commercial area as shown
inFig. 2 in Result.

3.2 Ste Quitability Analysis for Residential Area

Site suitability for residential area refers to the
identification and selection of potential sites for
housing development. Since urbanization process
and population growth is inevitable, identifying
suitable building site for residential development is
necessary.

Table 5: Influencing Weights of Criteria

Barren Land
ThinVegettion
ThickVegetion
Built-up Area

Land Use Land Cover

RIN|W|A~

Table 6: Influencing Weights for Criteria

Criteria Weightage (%)
Slope 11
Distance from Road 27
Distance from Stream 7
Aspect 4
Land Use Land Cover 51

Effective criteria (factor) used in the identification
of suitable sites for residential area with their
individual importance is shown in Table 5 and the
weights of their influencing factor for suitability
analysisisin Table 6.

Criterion maps were prepared for Table5in GIS,
reclassified and all the criteria maps were overlaid
using the influencing weights of Table 6 to produce
asite suitability map for residential areaas shownin
Fig. 3in result

CriteriaMatrix for Residential Development Area
Criteria S“b:;;e”a Va;“e 3.3 Site Suitability Analysis for Recreational Area
8-15% 4 Recreational areas are the important element for
Slope 15-20% 3 attractivetown. Recreation areresourcesand services
20-30% 5 provided for the purpose of leisure, entertainment,
30-56.78% 1 and recreational pursuits. Recreational activities are
0-100m 5 often done for enjoyment, amusement or pleasure.
100-200m 4 Effective criteria used in identification of suitable
Distance from Road 200-300m 3 sites for recreational area with their individua
300-400m 2 importance is shown in Table 7 and the weights their
>400m 1 influencing factor for suitability analysis is in Table 8
>400m 5 . . L
00300 " Table 7: Influencing Weights of Criteria
Distance from Stream 300-200m 3 Criteria Weightage (%)
200-200m 2 Land Availability 56
100-0m 1 Land Use 26
North 4 Distance from Road 12
Aspect East s Slope 6
Wiest 2
South 1
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Table 8: Summary of Criteria for Recrational
Development Area

using the influencing weights of Table 10 to produce
a site suitability map for vehicle parking area as
shown in Fig. 5in results.

CriteriaMatrix for i\ecreational Development Table 9: Influencing Weights for Criteria
rea
Criteria Sub-criteria Value CriteriaMatrix for vehicle Parking Area
105000-116000 5 Criteria Sub-criteria Value
L and Availabili 35000-105000 4 100-150m 5
anty (;/tilm) N 15000-35000 3 Distance to Major 150-200m i
8000-15000 2 Center 200-250m 3
0-8000 1 250-300m 2
Barren land 5 300-350m 1
Thin vegetation 4 10-50m 5
Land Use Dense vegetation 3 . 50-100m 4
Cultivated area 2 Pisience from 100-150m 3
Built-up area 1 150-200m 2
0-100m 4 200-225m 1
Distance from 100-200m 3 Road 6
Road 200-300m 2 Barren 5
>300m 1 Land use/and Thin vegetation 4
0-8% 5 Cover Cultivated area 3
8-15% 4 Thick vegetation 2
Slope 15-25% 3 Built-up 1
25-35% 2
>35% 1 Table 10: Summary of Criteria for Reserved Forest
Area
3.4 Site Suitability Analysis for Vehicle Parking Parameter Weightage (%)
A town must have enough parking spaces to DiSt?nce to Major Center o3
provide their resident and their visitors a place Distance from Road 26
to park their car. Parking is one of the important Land use/L and Cover 1

element for healthy and organized town. Parking
should be planned to encourage transit use and
support commercial activity. Optimum site selection
for public parking spaces not only increases the
parking efficiency, but also decreases marginal car
parking and therefore, results in increase of streets
width and traffic fluency.

Effective criteria (factor) used in the identification
of suitable sitesfor parking areawith their individual
importance is shown in Table 9 and the weights of
their influencing factor for suitability analysis is in
Table 10.

Criterion maps were prepared for Table 9in GIS,
reclassified and all the criteria maps were overlaid

Solid wastes indiscriminately thrown resulted
also in aesthetic problems, nuisance, and pollution
of land and water bodies of an area [7]. Therefore,
locating proper sites for solid waste disposal and
selecting appropriate landfill site far from residential
areas, environmental resources and settlement
necessary for the management of solid waste.

16



Table 11: Summary of Criteria for Solid Waste
Disposal Area

Criteria Matrix for Solid Disposal Area
Criteria Sub-criteria Value
0-12 5
12-18
18-24
24-28
28-57
Barren Land
Thin Vegetation
Dense Vegetation
Cultivated Land
Road
0-100
100 - 200
200 - 300
300 - 400
400 - 500

Slope (in %)

Land Use and
Cover

Distance to Road
(in meter)

QBRI WIN|FR|FPIN]W|IR|O|RLIN|W]|>

Table 12: Influencing Weights for Criteria

Parameter Weightage
(%)
Slope 67
Land use/Land Cover 24
Distance to Road 9

Criterion maps were prepared for Table 11 in
GIS, reclassified and all the criteria maps  were
overlaid using the influencing weights of Table 12 to
produce a site suitability map for waste disposal area
asshownin Fig. 6in result.

3.5 Ste Quitability Analysis for Reserved Forest

A reserved forest is specific terms that are used
for designating forests and the natura areas, which
enjoy judicial or constitutional protection under
the legal system of the countries. Effective criteria
(factor) used in the identification of suitable sites
for parking area with their individual importance is
shown in Table 13 and the weights of their influencing
factor for suitability analysisisin Table 14.

Table 13: Influencing Weights for Criteria

Parameter Weightage (%)
Land use/Land Cover 56
Distance from Main Town 26
Altitude 11
Distance from Road 7

Criterion maps were prepared for Table 13 in
GIS, reclassified and all the criteria maps were
overlaid using the influencing weights of Table 14
to produce a site suitability map for protected forest
areaas shown in Fig 7 in result.

Table 14: Influencing Weights for Criteria

CriteriaMatrix for Reserved Forest Area
Criteria Sub-criteria Value
Built-up/barren 3
Thin vegetation 2
Thick vegeta- 1
tion
0-400m
400-800m
800-1200m
1200-1600m
1600-2000m
400-500m
500-600m
600-700m
700-800m
800-900m
0-200m
200-400m
400-600m
600-800m
800-1000m

VALIDATION  AND

Land Use and Cover

Distance from Main
Town

Altitude

Distance from Road

RIN|[W|A_lO|RIN|W|R|O|RP|IN|W]A]|OT

4. FIELD
ZONATION

FINAL

Field validation or field visit is one of the
important activity in site suitability analysis using
GIS. After determining all the suitable sites in map,
field validation is necessary to determine whether the
suitable sites got from analysis are feasible in reality
or not and to evaluate site already existing in the
study area . Satisfactory results were obtained from
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field validation. After field validation, the project
area was zoned. Zoning is the process of dividing
land into zones (eg., commercial, residential,
recreational, etc.) in which certain land-uses are
permitted or prohibited. Zoning will specify avariety
of outright and conditional uses of land and also
indicate the size and dimensions of land area as well
[9]. The final zoned map of Dewathang, showing
the most suitable sites for Commercial, Residential,
Recreational, Parking, Solid Waste disposal area and
Protected Forest areais shown in Fig.8.

5. RESULT AND DISCUSSION

Final  suitability maps for Commercidl,
Residential, Recreational, Parking, Solid Waste
Disposal Area and Protected Area were extracted
using weighted overlay techniques in ArcGIS 10.3.
The feasibility of suitable sites determined for the
above purposes were validated by field visit and then
zoned to locate the most suitable sites for a particular
activity as well as to indicate the size and dimensions
of land area.

The final site suitability zonation map (Fig
8) indicates that maximum area is suitable for
Residential development, followed by suitable sites
for Reserve Forest area, Commercial development,
waste disposal area, parking and recreational
development area.

Table 15: Result Table

Total Area
Name Area (Acre) Area(M2) (Acre)
Parking | 2110021615 | 85389.53635
Residential | 147 0475367 | 557847.0171
Area
Recrealion |16 64431268 | 73022.73504
Area

620.8228
Reserve | 935 5000045 | 536248502
Forest
WasteDis- | o 50951092 | 106430.37
posal Area
Commercid | eo 91340047 | 266863.4801
Area

Salshi Yl fer | sewwes b ] Becriepm s Tres

-+

At |

- i M Limind
—_ . . B i e |

Figiure 2: Suitable Stes for Commercial
Devel opment

¥ Sabaldin Se Ve Ristdasial Srca &

—_— - .
' | e <
| — — L R

-

Figure 3: Suitable Stes for Residential
Devel opment

T M R e e b T -
i | S Sababde fer Homastisas) Ares 'I

||:ﬁ.-|.-l E
&
e . 1 g s i
[—— ————— i
e
| [ee——
= L ' 1
- — — A

L IrEmET meeEm E T OEErT DO TEE T EL ETITT T

Figure 4: Suitable Stes for Recreational
Devel opment

18



s S bbby s o Vphdybe P ki

B

e

Figure 5: Suitable Stes for \ehicle Parking Area

bad o B Fr bae bl Faiks [Hegmaad

g

i mams g - Lograd
H ) i . . ¥ B awnii Sis
| — —

Figure 6: Sitable Sites for Solid Waste disposal

-

3

nitadaliy bl o un g

1 T T TL ] m——
Sl e i P i

TR — o ; - i

e [ - — —

Figure 7: Suitability Ste Zonation

il RO e LN L [ [EERTE

r Sababillny i Par Hovianed Derimi /g

he. =
= - P #
S i .\_r__l.p.?"#
.-i_-d -‘__-. 4
i
|
= 2 & L] |
> -y [ -

Figure 8: Suitable Stes for Reserved Forest Area

6. CONCLUSION

This project conducted a Site Suitability Analysis
to determine the best locations for Commercial,
Residential, Recreational, Parking, Solid Waste
Disposal Area and Protected Forest Area for
Sustainable Town Planning in Dewathang using
an integrated GIS-AHP model. The results confirm
that the GIS-AHP model is a useful technique for
environmental management and urban planning.

The suitable sites designated as a result for the
project can be used by planning agencies for detailed
urban planning and civil engineersfor constructions.
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Abstract- This project titled “Alarm Fencing and
Light footpath sensor” comprises of developing a
model and a planned scheduled work that we must
carry out in a specified period of time. It is one of
the most efficient and helpful activities where we
get the opportunity to expose ourselves to many new
things and acquire ample of new knowledge. This
project provide in-depth coverage of major topics
like developing a model based on alarm fencing
and light footpath sensor and the equipments used
such assensor, burglar alarms, resistorsand circuit
connection. The project idea comes in handy for
farmers for security, i.e., to protect their crops from
wild animals and also for home security.

Keywords-alarm fencing; light footpath sensor;
PIR sensor

1. INTRODUCTION

Alarm fences began to be implemented ever
since the World War Il. The increased demand for
detection and monitoring during that period generated
technological advancesin motion sensing. Theaarm
fences were used to control livestock in the United
States of America and New Zealand. Samuel Bagno
in the mid 1940s, using his knowledge of radar and
newly developed electrical components began doing
research on an ultrasonic aarm, which worked
similar to radar. His ultrasonic alarm created “aweb
of ultrasonic waves inside aroom” and detected the
motion of a person. The detector “spins its web by
establishing a pattern in the way that waves bounce
off inanimate objects in the room and return to a
receiver.” Movement shifts created disturbances in
the pattern and triggered an alarm. The alarm fence
is very versatile and one of its functions was in
providing effective security solutions implemented
in many applications.

Alarm fences are mostly used in agriculture.
Whereas standard fences are constructed to just form
a physical barrier, alarm fences are constructed to
form both psychological and mental barriers. The
mental barrier isaccomplished by introducing aloud
sound through the fence wire that both repels the
animals and makes them less likely to contact the
fence again. However in security systems, the sound
and light indication are meant to keep intruders out
and is usually accompanied by an alarm system. And
this is what this project is aiming to achieve.

2. WORKING PRINCIPLE OF CIRCUITS

A. Touch Sensor The basic working principle
of a touch sensor is that it detects proximity (also
known as touch) without depending on the physical
contact. Its working principle is same as simple
switch or circuit. When any physical medium comes
in contact with the touch surface, the internal circuit
will be closed inside the sensor and current starts
flowing which in turn activates the buzzer. [1]

B. Laser Light Sensor In this circuit we
have set reference voltage of comparators by using
potentiometer to see the sensitivity of the circuit.
Comparator is configured in non-inverting mode.
In this system we have to place laser light and LDR
facing each other so that laser light continuously
falls on LDR. Due to this, a potential difference is
generated with reference voltage and generate a
output as high. Before that we have to configured
555 timer in mono-stable mode so it requires a low
trigger pulse so as to activate LED. If the output at
comparator is high when laser light falls on LDR
then it deactivates the LED. When someone crosses
the laser light due to this LDR lost the laser light
and generates a different potential difference across
the same comparator terminal. Then the output of
comparator is low and because of the low signa
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to 555 timer gets a low trigger pulse and activates
LED for a time period is defined by resistance and
capacitance at 555 timer circuit [1].

3. WORKING PRINCIPLE OF MODEL

The working principle of the model is explained
bel ow.

The circuit model consists of laser circuit, touch
sensor circuit, PIR sensor circuit and a transistor
switch. Those circuits are interconnected through
transistor working asrelay switch. First PIR sensor is
responsible for sensing theinfrared radiation emitted
by the living beings and activating the relay switch.
When the transistor is activated through PIR sensor
circuit, supply of 9V gets connected automatically to
thecircuit of touch sensor and laser circuit [2]. Touch
sensor and laser sensor circuit are connected parallel
to each other, so one supply is enough to activate
those circuit. When a person or an animal comes
in the range of PIR sensor circuit, circuit of touch
and laser are automatically activated and deactivated
when person or animal goes beyond the range of
PIR sensor. During the day time laser circuit is not
required, so it is put off by the switch at the control
room [3], [4], [5].

Figure 1: Circuit Diagram

4. FABRICATION PROCEDURES

The following are the procedures for the
fabrication of the alarm fencing and light footpath
sensor model.

» Design the circuit for the touch sensor, laser
circuits, and PIR sensor using PROTEUS software

e Collect the materials required for the design.

 Demonstrate the circuit connection on the
bread board as the circuit design

« Fabricate the circuit on the PCB board using
the soldering machine

e Test the working of circuit.

5. WORKING MODEL

The fabricated working model is shown in Fig.2
below.

Figure 2: Fabricated model of alarm fencing and light
footpath sensor.
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Abstract— This project is implemented to make
human work easier and can reduce the use of
human effort because of its potential applications.
The project Automatic Greenboard Duster is
a device that is generally used to clean board
automatically with the help of duster. The report
puts forward a kind of mechanism design scheme;
the mechanism of the automated board duster with
a track structure entails a horizontal motion. The
principle objective of the automatic greenboard
duster is to provide an attachment for greenboard
in the form of a power driven erasing by the rotary
switch, thus eliminating the exhausting work of
manually cleaning of greenboard.

This report contains the design and fabrication
of Automatic Greenboard Duster. Cleaning of
greenboard or blackboards consumes a lot of time
while teaching. And also the dust obtained from the
chalk while erasing the board affects the respiratory
organ when inhaled by human. Therefore, we here
propose an automatic greenboard mechanism that
cleans the boards automatically with a duster. Our
system uses a set of frames, guide ways, supporting
shaft, slide bearings, motor, limit switch, rotary
switch and a converter in order to achieve this
mechanism. This system is designed to save time
and unnecessary effort in cleaning the boards. For
this purpose we use sponge (duster eraser) mounted
on shafts which intern connected on a supporting
frame. The electrical energy is converted into
mechanical energy to move the duster in required
directions.

Keywords-  Automatic, Mechanism, design,
fabrication, energy conversion

1. INTRODUCTION

An automatic green board duster is a device that
is generally used to clean board automatically with
the help of duster. Theinventions of greenboard were
a revolutionary change in the history of mankind
which led to the development of the society. One of
the problems we are experiencing in classrooms is
erasing the greenboard especialy for the students
who are sitting in front and the teachers. Cleaning
of the boards makes teacher or the person who is
cleaning dirty and also the scattering of the chalk
dust is a serious health problem. Therefore, by the
use of this automatic greenboard duster we can
save time and energy. A device for automatically
erasing a greenboard wherein a duster is mounted
for horizontal movement on the greenboard and
has a motor mounted thereon that is mechanically
interconnected to adrive assembly for producing the
movement of the duster in an erasing operation[2].

2. LITERATURE REVIEW

S.Joshibaamali and K .Geetha Priyahas explained
that the machine can operate in three selectable
operational modes. In the first mode, it cleans the left
side of the board. In the second mode it cleans the
right side of the board. In the third mode it cleans
the whole area of the board. The machine uses two
stepper motors to move duster in horizontal (x-axis)
and vertical (y-axis) direction. To move the duster in
up and down direction linear motor is used. Infrared
transceiver is used to detect horizontal direction of
motor. Four limit switches are used to detect the
boundary of the board [3].

Gaurav Gangurde, Sandeep Patil and Pratik Ugale
explained that a duster is mounted for longitudinal
movement on the blackboard and has a motor
mounted thereon that is mechanically interconnected
to a drive assembly for producing the movement of
the duster in an erasing operation. They had used
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the rack and pinion mechanism to convert the rotary
motion of motor into linear motion of pinion and the
system is set in operation by the throw of a switch

[4].

Amit Tiwari, the assistant professor of
Mechanical Engineering Department at Dungarpur
College of Engineering and Technology (Rajasthan)
in India, the mechanism can automatically detect
the blackboard chalk stains, and erase the font,
keep the blackboard clean. The duster includes a
track structure to permit reciprocation of the duster
laterally of an elongate blackboard frame. The chain
which is connected to duster includes a drive motor
to effect rotation of a drive duster positioned above
the blackboard frame [5].

3. OVERVIEW OF THE SYSTEM
3.1Working mechanism

The motion of an automatic board duster entails
in horizontal direction. The mechanism use to operate
the duster isrotary motion to linear motion.[6] When
arotary switch isturn on, the motor transmits energy
to pulley, which in turn drives the duster. The rotary
switch consist of 4 poles and 6 positions in which 2
poles are connected to the motor and another two to
the limit switch to place at two edges of the green
board. The duster is fixed to the slide bearing which
will move to and fro along the guide ways, thereby
cleaning the board whoally.

Bracket Elide bearing
i T
Guide ways
Dustar
Pulley
. Rotary Switch Limmil Swiich

Pewar input Cusi collector

Figure 1: Overview of Duster

3.2 Full control circuit

To move the duster in horizontal back and
forth motion, the system require to convert electric
energy into mechanical energy.[7] In this electric

component includes energy convertor (to convert ac
to dc), rotary switch, motor and two limit switches.
The rotary switch consist of 4 poles and 6 positions
in which 2 poles are connected to the motor and
another two to the limit switch which is place at the
two edges of the greenboard
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Figure 2: Circuit Diagram

3.3 Constructional details

To support the whole structure and their
components, a frame has to make using wooden
bits. This wood was cut into the require dimensions
(2400x80x25) mm and (136x80x25) mm by circular
saw machine. Thethicknessof thesewoodisreduceto
required size and shape by planer machine, followed
by cutting of wood according to dimensions. After
that paint and polish, the wooden frame. To move
the duster horizontal it required a tract, known
as guide way. It is fabricate of M.S of dimension
(2600x120%) mm. The dust that produce from the
chalk is collecting in U-Chanel made of G.I sheet to
the dimension of (2400x60x40) mm. The side length
of the sheet (60mm) is folded perpendicular to the
base of the sheet and joined by riveting. The duster
frame is made of G.I of dimension (1200x80x40)
mm and aong it attached with sponge to eraser the
board. To run duster along the guide ways, it require
pulley of size (S0mm@x15mm), which is finishing in
|athe operation.

4. CONCLUSION AND FUTURE SCOPE

In conclusion, this automatic green board cleaner
is a device use to clean the board. The operation of
the duster is semi-automatic that’s move in horizontal
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direction. It found that the board is clean in single
stock, where do not require repeating the cleaning
on the board. It aso observed saving of time. In
these project , it is observed that the DC gear motor
(12Vv/16.8 rpm) has low speed and the guide ways
(2600x12)mm is sagging which is causing problem
in the movement of duster. Therefore, in futureitisa
great scope to modify it in different ways like using a
higher-powered motor and guide ways with rigidity
materials.
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ABSTARCT- This paper presents on smart metering
system. Now-a-days, technology has developed to a
large extend. At the same time the need for systems
with automation are preferred. The traditional
and conventional meter reading has problems
in calculating the readings and billing as it is
manual. With growing number of consumers it is
becoming difficult to maintain the power as per the
requirements. A human operator has to go to the
consumer’s house and provide the bill as per the
meter reading. Going to each and every consumer’s
house and generating the hill is a laborious task
and requires lot of time. If any consumer does not
pay the bill, the operator needsto go to their houses
to disconnect the power supply. These processesare
time consuming and difficult to handle.

The proposed work has developed automatic energy
meter reading using GSM module. It measures
energy consumption through LDR sensor. The
LDR sensor is placed on energy meter which
senses the LED blinking pulse. These pulses are
counted by microcontroller AT89S52. The unit will
be displayed on LCD which is interfaced with the
controller. The unitsconsumed per month will be
send to the consumer via SMS using GSM modem.

Keywords—GSM energy meter, load control, LDR,
Micro-controller AT89S52, GSM SIM900

INTRODUCTION

Electrical power has become indispensable for
human survival and progress. At the present scenario,
meter reading for electricity consumption and billing
is done manually collecting data from house to
house. To meet growing demand, automation in
the energy distribution is also necessary to enhance
peopl€e's living standard and respect privacy. This
project deals with Fabrication and Simulation of
GSM based energy meter. An energy meter is a

device that measures the amount of electric energy
consumed by a device. The smart energy meter is
less time consuming and cost effective. The purpose
of'this project is to get automatic reading of electrical
energy consumed which is sent to the consumer’s
specified number through GSM modem. It becomes
difficult particularly in monsoon, if any consumer
does not pay the bill, the operator needsto go to their
houses to disconnect the power supply. Increase in
manual task leads to increase in human resource.
Thus the present system of energy reading results
in many drawbacks such as excessive manpower
requirement, human errors and inability of users
to keep track of their energy consumption record
leading to overall increasein cost.

1. PROBLEM STATEMENT

The energy meter which is placed a the
consumer premises needs manua data collection
and calculation in order to generate an invoice bill.
Manual work requires an individual service operator
to visit household every month and meter reading
can be tampered, leading to errors.

2. LITERATURE REVIEW

To overcome the existing drawbacks of
conventional meter reading, a technique has been
presented for extracted information about energy
usage from a remote location. According to [1] the
GSM infrastructure, its nationwide coverage and the
Short Messaging System (SMS) cell, broadcast the
feature to wirelessly transmit the individual house/
organization power consumption readings. As per the
research [2] it shows that one can reduce the tedious
work with respect to the monitoring and load control
of the consumers energy meter with the application
of GSM based energy meter monitoring and load
control, in which just by sending the required
message to the specified numbers, the customer will
be able to find out the total unit the energy consumed.

The energy meter reading which is done by the
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microcontroller unit which continuously monitors
and records the energy meter readingsin its memory
location in the microcontroller unit. In his project he
unit. The used a GSM maodem for remote monitoring
and control of energy meter by sending a SMSto the
reason for coming up with this project was to avoid
energy theft and allow automatic data collection and
information system [3]. In [4] a simple low-cost
wireless GSM energy meter and its associated web
interface, for automating billing and managing, the
collected data, globally is designed. The proposed
system replaces traditional meter reading methods
and enables remote access of existing energy meter
by the energy provider. A computer is also connected
with the GSM receiver at the other end, which
contains the database and acts as the billing point.
Live meter reading from the GSM enabled energy
meter is sent back to this billing point periodically
and these details are updated in a central database. A
new interactive, user friendly graphical user interface
is developed using Microsoft visual studio .NET
framework and C#. With proper authenti cation, users
can access the developed web page details from
anywhere in the world. The complete monthly usage
and due hill is messaged back to the customer after
processing these data.

According to [5] the GAPMR system consists
of GSM digital power meters installed in every
consumer unit and an electricity e-billing system
at the energy provider side. The GSM digital
power meter (GPM) is a single phase IEC61036
standard compliance digital kKWh power meter with
embedded GSM modem which utilize the GSM
network to send its power usage reading using
short messaging system (SMS) back to the energy
provider wirelessly. At the power provider side
an electronic billing system is used to manage all
received SMS meter reading, computing the hilling
cost, updating the database, and to publish billing
notification to its respective consumer through SMS,
email, Web portal and printed postage mailing. A
working prototype of the GAPMR system was built
to demonstrate the effectiveness and efficiency of
automatic meter reading, billing and notification
through the use of GSM network. According to [6]
it represents an implementation methodology for a
wireless automatic meter reading system (WAMRS)
incorporating the widely used GSM and Zig-bee
network.

In many countries GSM and GPRS network
is widely known for its vast coverage area, cost
effectiveness and also for its ever-growing market.
Using GSM as the medium for WAMRS provides
a cost effective, wireless, always-connected, two-
way data link between the utility company and
the WAMRS. The WAMRS sends information of
utility usage, power quality and outage alarms to the
utility company, tampering detection to the utility
server. In this paper we suggest a method where we
utilize telecommunication systems for automated
transmission of the data to facilitate bill generation
at the server end and also to the customer via SMS,
Email

Where as in [7] they proposed a system, which
measure the current consumption unit through
IR sensor unit. The IR transmitter is placed in the
rotating unit of the EB meter. The receiver photo
diode is placed in a certain place which is used to
find no of rotation. By getting the number of rotation
they got the current consumption. After getting the
current consumption the ARM processor will reduce
the unit given for specific user. The unit here is taken
as numeric value. If the unit is reduced to minimum
value it will intimate the user through alarm and
LCD unit. If the user wants to add more units for
him, he has to send a message to EB section. From
the EB section the required value will be sent to the
ARM controller through GSM modem.

3. INTERFACING OF LCD WITH
MICROCONTROLLER

Here the circuit diagram of the LCD display is
as shown below, where as in our project we have
used the port O for interfacing of the LCD display,
also we have given the potentiometer for varying the
required intensity. Moreover we have used the 16*2
LCD asthe length of the lines which to be displayed
are minimum and are satisfied by the required model,
one can also use bigger size of the LCD display for
thereguired use. The LCD hereisused for displaying
unit and pulse of the energy meter. It also acts as an
interface between user and power meter.

4. SIMULATION

Sincewehaveused DIGITAL ENERGY METER
for the project purpose, we have to take the pulses
out to show that how much energy is consumed by
the user. For simulation purpose we have used the
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Figure 1: Interfacing LCD with microcontroller

toggle switch instead of LDR because energy meter
isnot availablein proteus. But in practical we will be
placing the LDR on the top of Cal LED of the energy
meter, so that microcontroller counts the pulse when
the Cal LED blinks.

5. BLOCK DIAGRAM

[
L]
; [
- =
Figure 2 (a): Simulation to obtain pulse from
energy meter

The figure above shows the proposed block
diagram for GSM based energy meter. Here
microcontroller is main part which control and
monitor whole system. And also it interfaced with
various devices like LCD, energy meter, relay and
GSM module. The power supply to microcontroller
is 5V. Firstly LDR is interfaced to controller. Here
the LDR is used as a sensor, it senses the blinking
rate of LED which is present on energy meter. It is
used as an indicator, when power is consumed the
LED blinks. When LED blinks 3200 timesthan 1 unit
power is consumed by the devices. It sendsthe signal
to the LDR. And then LDR sends the pulses to the
microcontroller. Inside the programming the user’s
number will be specified and the unit consumed per

Power
Supply
En- p.C LcD LC
driver
GS Relay
driver
—

Figure 2 (b): Block diagram
month will be send to user by SMS through GSM
modem. Also L CD isinterfaced with controller. LCD
is the display unit, the total units are counted by the
micro controller and then displayed on the LCD.
Relay circuit will act asaload control.

Whenever the consumer fails to pay the bill
on time, these relay will cut-off the load of the
consumer’s.

6. CIRCUIT TESTING

The test result for individual components were
positive and was proceeded for fabrication. After the
testing of the components, fabrication was started
on the single sided printed circuit board, making
detection and error correction of any layout error
difficulties.

The construction process using printed circuit
board involved soldering components to the
nominated position on the printed circuit board. All
components were labeled on the designs notes and
on the printed circuit board itself. Due to the nature
of the layout, all components had to be connected
before testing could take place.

The performance of the electronic circuit depends
on the layout and design of printed circuit board
therefore soldering was done carefully.

Soldering is the joining material that melt below
42T C between components. The popularly used
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solder are alloy of tin (Sn) and lead (Pb) that melts we can simulate the circuit by uploading the hex
code to microcontroller.

below melting point of tin.

Soldering iron is a tool used to melt the solder 6.3 ALGORITHM

lead and apply it at the joint in the circuit. It operates
at 230V supply. The 50 Watt soldering irons are
commonly used for the soldering of electronic
circuit. The fabrication of components depends on
the soldering ways.

6.1 .KEIL COMPILER

KEIL Micro Vision is an integrated development
environment used to create software to be run on
embedded systems. It allows software to be written
either in assembly or in C programming languages

Figure 3: Circuit Testing

and for that software to be simulated on a computer
before being loaded onto the microcontroller unit.
We are using the ¢ programming.

6.2 PROTEUS

Figure 4 : KEIL COMPLIER

Proteus is electronic circuit design software
which includes a schematic capture, simulation and
PCB layout modules. Proteus is ahead in simulating
the circuits containing the microcontrollers where

START

SET PULSE=0

SET UNIT =0

SET RELAY =0

SET TARGET PHONE NO= 17982074
INITIALIZED SERIAL COMMUNICATION
INITIALIZED LED

DISPLAY INTRODUCTION

WAIT FOR 100 MS

CLEAR LED

DISPLAY “PULSE”

DISPLAY “UNIT”

INITIALIZED GSM MODEM

LOOP

IF SENSOR IS HIGH (DETECT PULSE) THEN
INCREASE THE PULSE BY 1
DISPLAY THE PULSE VALUE ON LED
IF PULSE =0 THEN

INCREASE UNIT BY ONE

DISPLAY UNIT VALUE
WRITE TO GSM (‘AT + EMGS="*)
WRITE TO GSM (TARGET PHONE NO)
WRITE TO GSM (UNIT)

SET PULSE =0

END IF

END IF

C=READ FROM GSM MODEM
COMMAND =COMMAND +C
IFC="* THEN

COMPARE COMMAND

IF COMMAND ="#CUT” THEN

SWITCH OFF THE RELAY
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END IF

IF COMMAND =# RESUME “THEN
SWITCH ON THE RELAY

END IF

END IF

GO TO LOOP

7. HARDWARE USED

The hardware used in this project: energy meter
which measures the amount of electric energy.
Microcontroller are also used which is interfaced
with GSM modem and LCD. Through GSM, the
consumers are connected and LCD is used to display
the units and pulses consumed by the energy meter.
Resistors and capacitors are also used.

8. ADVANTAGES

The process of energy meter reading and delivery
of monthly billsto customerswill consumeslesstime
as the monthly bill will be sent to the consumer’s
number through the system. It eliminates the need of
operator to visit individual house to read the meter
and deliver the bills which saves cost on human
resources.

A convenient and efficient method to avoid the
problem of electricity department sending employees
for taking meter reading every month.

If any consumer did not pay the bill, the operator
needs to go to their houses to disconnect the power
supply. These processes are time consuming and
difficult to handle. No human errors in taking the
meter readings.

Economical and simple to use as the human
operator doesn't need to have to go to individual
house to collect the data it saves money and on the
other the customers also don’t have to go to pay the
bill.

9. DISADVATAGES

It leads to initial hesitation of people to upgrade
to this system. The installation expenditure will be
high.

10. ANALY SIS

With the completion of our project, we were
able to get the pulses and the unit consumed by the
energy meter. As the LED blinks onetime, the LDR
will read one pulse and like that 10 pulses will make
1 unit. 1 unit is made as a unit consumed per month.
As soon as the unit reaches to 1, the consumer will
receive the SMS.

This project deals only with the unit consumed
per month and sending it to consumer while [5], [4],
[2] deals with the unit consumption, computation of
the bills and then sends the bill to the consumer via
a SMS. This project uses LDR to sense the blinking
light of LED which counts the pulses while [3] uses
opto-coupler to read the pulses.

11. RESULT

The energy meter was tested by using an electric
light bulb of 100 wattsthat drawscurrent uptoA. The
supply voltage was 230V.The time required to make
one pulse was tested with the help of timer clock the
time found out was approximately 10 sec. The pulse
isincremented after every 10 sec and isdisplayed on
LCD. The test was done over two minute’s period
and measurements were taken every 10 seconds. The
result is shown in Table 1.

Table 1: Average Time Required to Read One Pulse

No. of test | Timerequired toread one pulse
(seconds)

9.12
8.91
9.35
10.12
9.90
10.0
9.81
9.12
8.89
9.10

O|lo|N|o|O|d|lWIN]|F

=
o

For the demonstration purpose the SMS gate
way GSM modem uses an ordinary SIM card phone
number. The 100W light bulb is used to simulate
the power consumption load and the meter capture
the reading as shown in figure 6. When the unit
consumed by the load is 10 pulses which make one
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Figure5. Variation in time required to read one Pulse
unit, the GSM modem successfully sends this unit to
the registered user’s phone through SMS.

Figure 6 : Result

12. COST ANALYSIS

It is tedious and cost enduring to employ
numerous data collector by the energy company,
for the purpose of meter reading and generation of
monthly invoice. For example: In Bhutan there are
205 Gewogs, each Gewog requires minimum of two
men to collect the bills and they are paid monthly
salary of 10,000. In total the BPC has to pay 410
peopl e per month which cost 410 x 10000=4,100,000
amount per month and annually they have to invest
41 lakhs. So if they implement GSM Based energy
meter reading, the initial cost will be 9000 only
and it is one time implementation. Thus BPC will
minimizes 49 million per year which is a great
achievement and they can utilizes this amount for
others purposes.

13. FUTURE SCOPE

Since this project focus on the reading of the
energy meter and controlling the load through
GSM, developers can also bring changes which
will be beneficial to both the consumers and Energy
Company by making the fixed usage manual. This
will make recharging user defined with the per-

paid plans that can be selected through registered
SIM cards. One up gradation can be including the
feature of instant bill. With these features consumer
can know their bill at any interval of the month,
so that an economical consumer can vary hisher
consumption. Also a timer control can be provided,
which would automatic cut down the system supply,
if the payment of bill is not done in the specified time
limit.

14.CONCLUSION

With this project we can make system easy and
less time consuming. This project will reduced
the disadvantages of the present system. One
can establish user friendly and direct interfacing
between the consumer and the distributor without
any externa interference. Also with this, the
accuracy of the system increases as the gross errors,
observational errors, etc. decreases. Thus with this
we can conclude, that a time efficient, reliable, and
accurate system analysis can be obtained which is
indeed economical and user friendly.
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Abstract—This paper studies the effect of
Inventory Management on the profitability of two
manufacturing companies in Pasakha, Bhutan. It
is mainly to identify the key factors that influences
inventory management practices and evaluate the
performance of the identified companies. Mixed
method approach was adopted for the comparative
study on the profitability of the two manufacturing
companies. The study found that the company with
low inventory cost performs better in maximizing
the profit. Thus, the result of the project is expected
to minimize the inventory cost for manufacturing
companies to maximize the profit.

Keywords—inventory cost, inventory management,
profitability.

1. INTRODUCTION

Raw materials take a major share of 50 to 70%
of the total cost [1], in addition, one third of the
company’stotal investment isin the form of work in
progress, finished goods and store inventory. Out of
the three inventory forms, the store inventory usually
represents the largest share and thisis the areawhich
significantly contributes to the company’s profit
by efficient management of quantity and timing of
purchases. If limited quantity is purchased, the unit
cost will be high, shortages are likely to increase,
expediting work will unnecessarily be greater and
relationship between vendor and supplier will suffer.
On the other hand, if large quantity is purchased, the
excess inventory will raise costs, obsolescence will
become an issue and the need of additional storage
facilitieswill create investment problems.

Better financial performance is closely related
with better inventory management as inventory
takes the major share of the total cost. Failing

to maintain proper inventory level, will result in
loss. Appropriate inventory level depends on the
production schedule and market demand of the
product. Inventory is a current asset to a firm, but it
is costly to maintain as it waits to be converted into
future sales. Therefore, factors influencing inventory
management such as inventory control, economic
order quantity, procurement cost and carrying cost
have to be considered to increase the efficiency and
profitability of manufacturing company.

Problem statement

It has been found that no relevant studies on
inventory management practices were conducted
to identify the performance of the manufacturing
companies in Bhutan. Such studies are expected to
bring enormous benefit for efficient and effective
operation of business organization. Therefore,
a case study on the factors affecting inventory
management and their effects on the profitability
of two manufacturing companies such as Druk
Wang Alloys Limited Company (DWAL) and Druk
Ferro Alloys Limited Company (DFAL) located in
Pasakha, under Phuentsholing Thromde was decided
for the project.

Objectives
The objective of the study is:

To identify the factors affecting inventory
management in the manufacturing company.

To identify the common factors affecting the
profitability in manufacturing company.

To perform comparative study on why one
company is performing better than the other.

Scope

This study will be limited to identifying the
factors affecting inventory management and the
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profitability of two manufacturing companies in
Pasakha. It will also perform comparative study on
why one company is performing better than other
considering those factors.

2. LITERATURE REVIEW

Inventory being a major portion of total current
assets of many manufacturing companies, it often
represents as much as 40% of the capital of industrial
organization. Inventory represent 33% ofa company’s
assets and as much as 90% of working capital [4].
Manufacturing companies attain significant savings
from effective inventory management, which
amounts between 50%-60% of total costs. Effective
management of inventory can lead to a reduction
in cost, resulting in a significant saving. A potential
6% saving on total cost through effective inventory
management is achievable [3]. Inventory cost should
be considered while taking inventory decisions. He
found that inventory carrying costs typically range
from 20% to 40% of inventory value[6]. The excess
inventory and shortage of materials are often the two
main problems found in manufacturing companies.
One of the reasons for keeping large amount of
inventory items has been related to customer service
[5]. Another reason is that smaller purchasing lots
imply more work in purchasing department. The
excess inventory is an operationa liability, because
it uses valuable storage space, increases inventory
costs [3].

A project to improve inventory management in
UK- small medium enterprises found the importance
of categorizing stock and setting ordering policies. A
scheme developed for placing order has found useful
in optimizing inventory costs [2]. The studies found
that inventory has to be calculated using inventory
policy parameters that is maximum and minimum
inventory level of order placement [7].

3. METHODOLOGY

To achieve the objectives mentioned, the
factors affecting inventory management in two
manufacturing companies will be identified using
qualitative method. As per the literature review
factors such as economic order quantity, ordering
cost, carrying cost, and inventory control affects the
inventory management in manufacturing companies.
In order to study these factors affecting the
profitability of the two manufacturing companies,

questionnaires will be prepared based on the
identified factors; visit the two identified companies
and conduct face-to-face interview.

To find out why one company is performing better
than other in terms of the profitability and effects of
inventory management on profitability, quantitative
analysis will be performed using following ratios
and bar graphs to represent the values in figures.

Return on Assets: This ratio will be used to find
out how efficiently the two manufacturing companies
are employing their assets in the production and it is
calculated by:

Profit
RoA= D
Asset employed
Where:
Profit = Annual Sale — total inventory cost
incurred

Assets Employed = fixed assets + current assets

Return on Sales: This ratio will be used to
evaluate a company’s operational efficiency. Return
on sales will be used to indicate how much profit is
being produced with respect to sales. An increasing
return on sales indicates that company is growing
more efficiently, while a decreasing return on sales
could signal impending financial troubles. Therefore,
itiscalculated by:

_ Profit 2
Annual sales

Return on inventory cost: this ratio of profit to
total inventory cost of the company is the ratio that
describes the return on per unit of inventory cost
spent in process of production. Company’s efficiency
can be considered better if their return on inventory
cost is higher.

Net profit )
Total inventory cost

RolC=

Where: Total Inventory cost = total ordering cost
+total  holding cost
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4. RESULT AND DISCUSSION
4.1 Findings

The economic order quantity, ordering cost,
carrying cost, andinventory control arethefactorsthat
affects the inventory management in manufacturing
companies. However, while visiting the company
it was found that factors such as economic order
quantity, inventory control, ordering cost and carrying
cost exist in the company but, the management of the
company were unaware of such factors. They do not
identify the inventory management factor and how
that affects the profitability of the company. It was
also found that rather than calculating the economic
order quantity for carrying and ordering inventory,
the company set their own level that is maximum,
minimum and reorder point as per their previous
years experiences, daily usage and demand trends.
Ordering cost and carrying cost are considered as

general expenses, though it is an inventory cost.
Thus, they do not emphasize on how to reduce such
cost to increase efficiency of inventory management
in the profitability. In terms of inventory control
system, they keep record of how much raw materials
are being used in daily basis and how much balance
inventory areleft in Tally ERP9, but no separate cost
for spoilage, obsolescence, theft and stock out were
maintained considering the company as continual
manufacturer.

As stated above, inventory cost (ordering cost
and carrying cost) are main and common factors
that affect the profitability of the two companies.
From the following table it can be seen that DFAL is
incurring higher ordering cost compared to DWAL.

4.2 Ordering cost

From the table 1 below after taking into
consideration of ordering cost of DWAL in 2016.

Table 1: Total Ordering Cost of DWAL & DFAL

DWAL (Nu.) DFAL (Nu.)
Sl. No Cost
2016 2017 2016 2017
1 Paper 6,900 7,020 2,900 3,000
2 Cartridge and 16,400 16,800 26,820 27,000
printing
3 Electricity 17,800 18,000 4,490 4,598
4 Phone bill 49,000 48,000 49,000 50,000
5 Water hill 6,240 6,240 1,825 1,935
6 Rent 30,855 30,855 32,550 32,550
7 Salary 1,140,000 1,140,000 1,013,760 1,013,760
8 Other expense 1,95,580 1,95,600 80,100 80,640
Total ordering cost 1,462,775 1,462,515 1,211,445 1,213,483
Table 2: Total Carrying Cost of DWAL & DFAL
DWAL (Nu.) DFAL (Nu.)
SI. No
Cost 2016 2017 2016 2017
1 Taxes on Inventory 6,37,904 1,432,550 1,850,000 2,000,000
2 Insurance 1,562,653 1,579,828 2,000,000 2,200,000
3 Lighting 15,000 15,600 13,780 14,000
4 Repair Cost 5,23,430 4,07,541 1,800,000 2,000,000
5 Phone hill 2,39,000 2,40,000 1,52,000 1,54,000
6 Water bill 6,240 6,240 3,000 3,000
7 Salaries and Wages 1,38,000 1,38,000 6,95,304 6,95,304
Total carrying cost 3,122,227 3,819,759 6,514,084 7,066,304
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It was found that it affects the profitability of the
company, where the sale of DWAL in 2016 was
Nu. 1,229,374,821 and total ordering cost was Nu.
1,462,775. After deducting total ordering cost from
sales, the profit of the company decreased to Nu.
1,227,912,046.

Similarly, for the following year of DWAL and
for the year 2016 and 2017 of DFAL, it was found
that increase in ordering cost hasresulted in decrease
of the profitability of the two companies.

4.3 Carrying cost

From the table 2 taking into consideration of
carrying cost of DFAL in 2017. It was found that
carrying cost affects the profitability of the company,
wherethe sale of DFAL in 2017 was Nu 998,744,298
and the total carrying cost was 7,066,304. After
deducting total carrying cost from sales the profit of
the company reduced to 991,677,994.

Table 3: Profit and Assets employed of

Table 4: Return on Assets of DWAL & DFAL

Return on Assets
Companies 2016 2017
DWAL 1.74 21
DFAL 1.09 1.3

As shown in table 4 and figure 1. DWAL has
2.5

Similarly, RoS of two companies was calculated production.
in the same manner, which is shown in table 6.

Table 6: Return on Sales of DWAL & DFAL

Return on Sales
Companies 2016 2019
DWAL 0.996 0.996
DFAL 0.989 0.992
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Figure 1: Return on Assets of DFAL & DWAL
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<

higher return on assets than DFAL. This is because
DWAL haslessinventory cost than DFAL which has
lesser impact on profitability as compared to DFAL.
This indicates that DWAL uses their assets more
efficiently than DFAL by reducing its inventory cost.

Table 5: Profit and Annual Sales of DWAL & DFAL

Compa- Profit Annual Sales

DWAL & DFAL

Profit Assets employed
Compa-
nies 2016 2017 2016 2017
DWAL | 1,224,789,819 | 1,228,764,003 | 7,04,208366 | 585,889,294
DFAL | 7,27,783271 9,90,464,511 | 6,65,000,000 | 7,62,000,000

Similarly, for the previous year of DFAL and for
theyear 2016 and 2017 of DWAL increasein carrying
cost has resulted decrease in the profitability of the
two companies.

4.4 Return on assets

Return on Assets of DWAL in 2016 was found to
be 1.74 using equation 1 and taking profit and assets
employed from table 3 to find out how efficiently the
company is employing their asset in production.

1.224,789.81%

7.04,208,399
=1.74

Rod =

Similarly, for the following year the ROA was
calculated in the same manner for thetwo companies,
whichis shown in table 4.

nies

2016

2017

2016

2017

DWAL

1,224,789,819

1,228,764,003

122,937,4,821

1,234,046,277

DFAL

7,27,783,271

9,90,464,511

7,35,508,800

9,98,744,298

Return on sale of DWAL and DFAL
0.998
0.996

0.996 0.996

0.994

0.992 0.992

0.990 0.989

0.988

0.986

RETURN ON SALES IN TIMES
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Figure 2: Return on Sales of DFAL & DWAL

As displayed in table 6 and figure 2, DWAL has
higher return on sales than DFAL because DWAL
has less inventory cost that affect the profitability
compared to DFAL. Therefore, DWAL is growing
more efficiently as compared to DFAL as they

Return on sales of DFAL for the year 2016 was
0.98 calculated by using equation 2, taking profit
and annual sales from table 5 to evaluate company’s
operational efficiency.

_ 7,27,783,271
 7,35,508,800

RoS5

=().989

Table 8: Return on Inventory cost of DWAL & DFAL

Return on inventory cost

Companies 2016 2017
DWAL 8.58 21.55
DFAL 5.08 11.94
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maintain lower inventory cost.

4.5 Return on inventory cost

Table 7: Net profit and Inventory cost of

DWAL & DFAL
. Net Profit Inventory cost
Companies
2016 2017 2016 2017
DWAL 39,318,124.70 | 1,13,849,155.7 | 4,585,002 | 5,282,274
DFAL 39,221,303.30 | 98,834,552.60 | 7,725,529 | 8,279,787

Return oninventory cost for DWAL for year 2017
was calculated using equation 3, taking profit and
inventory cost from table 7 to determine the return
on per units of inventory cost spent in process of

_ 1,13,849,155.7
5,282,274
=21.55

RolC

Return on Inventory cost of DWAL and DFAL
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Figure 3: Return on inventory of DFAL & DWAL

Similarly, the return on inventory cost for DWAL
in 2016 and For DFAL in the year 2016 and 2017
was calculated in the same manner, which is shown
intable 8.

As shown in table 8 and figure 3, the return on per
unit of inventory cost spent in process of production
for DWAL is higher than DFAL because DWAL has
lessinventory cost compared to DFAL.

5. CONCLUSION

From the above results and discussion, it is
concluded that ordering and carrying cost are the key
factors affecting profitability of the two companies.
Increase and decrease of inventory cost is inversely
proportional to the profitability. It is seen that increase
in inventory cost of DFAL has led to decrease in
profitability, whereas DWAL maintained lower
inventory cost which led to increase in profitability.
It was also found that increasein inventory cost leads
to decrease in company’s efficiency of using assets,
affects the growth of the company and reduces
returns on investment. Therefore, to increase the
profitability of the company, inventory cost has to be
assessed, monitored and controlled.

6. RECOMMENDATION

The study recommends the manufacturing
companies to maintain a separate inventory cost
from general expenses then they can emphasize on
reduction of inventory cost to increase efficiency of
inventory management for profit maximization.

Further, it also has a scope for similar study on
more than two manufacturing companies to compare
their performance and examine other factors such as
economic order quantity, and efficient management
of inventory; which affects the small-scale business.
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Moreover, it can be used as reference to carry out
research on similar topic such as “effects of inventory
management on cost” or “effects of inventory
management on the efficiency of the manufacturing
company”.
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Abstract - This project is about designing
and producing 3D animated video for Online
Admission System of Royal University of Bhutan
(RUB). Although Online Admission System has
been in place for many years, Class XII students
aspiring to study in RUB are not fully aware of
Online Admission procedures. In spite of the
sensitization programs conducted every year for
the schools by RUB, challenges are still prevailed.
In order to orient and sensitize students on RUB
Online Admission System, a 3D animated video
was developed to provide a virtual step-by-step
guide to Online Admission process. The video
tutorial publicizing on RUB Online Admission was
developed using Blender 2.79 on Windows OS and
Mac OS x. This video will be further published
on social networking sites such as YouTube and
Facebook and made accessible for information.

Keywords — 3D Animation, preproduction,

production, post-production, storyboard,

background, keyframes, character.
1. INTRODUCTION

The Royal University of Bhutan (RUB), founded
on June 2, 2003 by a Royal Decreg, is the National
University of Bhutan. According to the Royal
Charter and the Statutes of the Roya University
of Bhutan the overal rationale of the University
is to propagate the knowledge and advancement
of learning through a balanced, well-regulated and
sound tertiary education system for the economic
and cultural development of the Kingdom of Bhutan.
The University also promotes cultural enrichment,
personal development and competency in everyone.
The RUB Online Admission is a System through
which class XII students can get admitted into the
RUB colleges. This project is aimed at developing
and producing 3D animated movie that would help
in sensitization and awareness on Online Admission
procedures. This project will support in creating

effective visual information on the Online Admission
to the various program under the constituent colleges
of Royal University of Bhutan.

2. LITERATURE REVIEW
2.1 Introduction

The term Animation defines the movement of
characters by a combination of sequence of frames
of picture capturing each and every bit of movements
involved. The word ‘Animation’ is derived from a
Japanese word ‘anime’ which refers to breathe, air
and alive. The animation came into existence with
the invention of electronic devices, which made it
possible for presenting it to the audience. The scope
of animation first started in various endeavors and
innovations that the field really began to develop
in the late-19th century. However, with change in
time the various devices are invented to watch the
animated films. Frenchman Emile Reynaud created
his first animated cartoon in 1892 [1]. After that
many 2D and 3D animated films were created out of
which the 2D animation was prominent. Today the
animation has become one of the popular industries
for the purpose of advertisements, education and
broadcasting fields.

The animation has helped many of the academic
institutions in educating the learners on the subject
content. It can be as simple as composition of text,
graphics and voice together in enabling the learners
to understand the content of the subject. Therefore,
animation has become a medium to educate and
create awareness among learners in most effective

ways.
2.2 Animation techniques

Researchers have written many papers on the
different techniques to develop the animation video
however, while studying in depth, it is broadly
categorized into two. The Traditional animation and
Modern Animation which is called as Computer
animation today. There are also many techniques
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to be discussed within traditional animation from
which one of them is caled Cel Animation. This
type of animation is animated through use of papers
and Célluloid that is a transparent sheet whereby it
requires hand drawn images. A computer animation
involves modeling, motion generation and rendering
of models using high-end computers.

2.32D and 3D animation

While discussing on the 2D and 3D animation,
the 2D animation is an arrangement of series of
frames or pictures in a sequence to create motions.
[5] The animator needs to draw the same character
in al the movements involved to make the character
move. The 3D animation isthe processthat generates
three-dimensional images in a digital environment.
Unlike 2D animation, 3D animation does not require
series of frames to be drawn. The inventions of
Computer Graphic Image (CGl) that can be installed
in acomputer brought a great view of visual and this
contributes to the production of good 3D animation
performance [2].

2.4 Hybrid animation

The combination of 2D and 3D animation is
caled hybrid animation. The hybrid animation
integrates 2D background with 3D characters or
3D background with 2D characters. One of the
books written on hybrid animation aso proved
that it enhances a scene by choosing to animate the
scenic background in 2D while the main character is
brought to life with 3D techniques [6].

2.5 Animationin Education systemand Adverti sement

The animation in learning environments can
trigger more than one sense at atime and that may be
attention getting and attention holding. Having such
activities and strategiesin al the education premises
such as universities and schools to teach the students
helpsin student learn what isbeing taught. More over
the quality of the education system can be improved
drastically thereby promoting the respective
universitiesin terms of quality education [4].

Another major importance of animation is in the
area of Advertisement Industries. It has the fourth
highest level of employment for animators and
demand in theindustry is expected to grow [5]. It has
become the highlight of digital marketing campaigns
because it does not only make promotional online

videos more entertaining but it also communicates
effectively. A well-made 3D movie can provide an
audience with an unparalleled cinematic experience
that stimulates the imagination in a way that is
undeniable [3].

3. METHODOLOGY

The project was developed considering the
procedures and stages found in the animation
industry. To this particular project, the project was
developed using three stages that comprises of Pre-
production, Production and Post-production. Out of
the various tools for 3D animation, the tools used in
this project is Blender 2.79 for creating, developing
and animating the characters. Various other software
applications such as Audacity, Adobe Premiere Pro
and Adobe After effects were used to enhance the
final production.

3.1 Preproduction

In this, it is usually an activities that are carried
out before the main task of the project. One must get
ready with all sort of ideas, tools and other necessary
resources to undertake the main task. In this project,
the story writing, storyboard, script were some of
the key activities taken care under the preproduction
stage. In this stage, any worksrelated to 3D, graphics
or video were take care as preproduction stage as
everything happens before the actual production of
the main project.

3.2Production
321 Character development/design

It is about the box modeling method used in this
project. It is based on simple primitive, such as cube,
sphere, or cylinder. The project also used Poly-to-
Poly Modeling that allows drawing a shape one
polygon at atime. In both the modeling, subdivision
surface modifier was applied to smooth the geometry.

Figure 1: Character model
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3.22  Painting character

This project used the Material Editor located
in the Properties Editor panel to apply color to the
character. Solid color was applied to skin, hair and
clothing. The texture for the 3D model’s surface
was further enhanced using materials, such as how
reflective or shiny they are and whether they are
rough or smooth.

3.23  Character rigging

Fig. 3. In this, it display the lists of bones that
make up a rig to develop the character. In this
project the various bones that were used were bone,
deform bone, control bone and constraints. Few
bones were added for the head, neck, arms, hands,
torso, backbone, legs and foot. The deform bone was
used to move the mesh and it is usually hidden and
moved by the control bones. The control bone was
exclusively used to pose and control the character.

Figure 2: Character rigging

3.24  Defining weights

Thelegs, arms, head and torso requires movement
and deformation thereby applying Weights Paint.
The weights paint are described in four colors; red,
orange, yellow and green. Thearmsleg and foot were
assigned red weight paints, whereas the torso and
backbone, which did not require distinct movements,
were applied with orange weight paints.

3.25  Background development/design

The background and the fields were developed
using particles, shadow, shading and sun lamp
lighting features. Blender provides optionsto choose
the color for the background from the World Tab in
the Properties editor.

3.26  Animating the character

It is the process of making the movement of
character along time. It is important to understand
the principles of motion, such as action and reaction
and also about how weight affects the character
movement. The main component of animating the
character isinserting of the key frames.

3.3 Postproduction

Figure 3: Animating the Character

In this stage, it is the activity where the final
touch up on the works carried out in the production

stage such as calculating the time frames,
synchronizing with the sound, testing the graphics
and videos in various platform etc. In this project,
as a postproduction activity, Sun lamp was used as
the source of light to the model since this type of
lighting provided equal lighting to every object. The
camera position for this animation was kept static so
that it takes less time while rendering the final works.
In this project, the postproduction activities also
included merging videos, adding sound effects and
cinematic effects to the final rendered videos. Adobe
Premier was used as the main tool to merge all other
short clips. The movement, motion, timeframe,
synchronization were some of task carried out in the
accomplishing the final result.

4. RESULT

The figure 4 is the final product of the developed
model that was developed using the Blender 2.79.
These are two charactersin the animated video.

Fig. 5. Thetwo characters greeting each other
with the background.

The complete product of the animation is
readily available in the MPEG format that is of
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Figure 4: Developed character model

i

Figure 5: Developed model with background.

4 minutes video that captures the complete story
on how to do the Online Admission to the various
program under the constituent colleges of the Royal
University of Bhutan.

5. CONCLUSION

The designed based project has achieved in
creating 3D animation in a simple version. The
outcome of this project will facilitate especially
Class XII students in guiding the Online Admission
procedures of RUB at ease.

6. RECOMMENDATION

Similar kind of project can be carried out using
other 2D and 3D software. In the animation industry,
Adobe Flash Player, Maya and 3D Max are some of
the commercial software that are designed to develop
the 2D and 3D animation. This particular project can
be improved using the other open source software
that arereadily availablein theinternet by composing
the 3D character with the additional 2D scene as the
background. Similarly, re-recording the background
sound and composing to the video would make more
interesting. The project was focused on hands on
learning on how to use blender to develop than 3D

animation than the final product. Therefore, if the
project is product oriented, then it can be improved
by importing readily made characters, composing
with other 2D objects and make the final product
that would be more interesting and convincing of the
story to the viewers.
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