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Abstract. Major problem that often occurs in waste transportation in each region is the route of
garbage transportation. Determination of this route should become a major concern because it
affects fuel consumption and also the working time from the employee. Therefore, in this
research we will develop an application to optimize with pigeonhole and dijsktra algorithm.
Pigeonhole algorithm is used to determine which garbage trucks should be taken in a particular
TPS. Time optimization is done by determining the shortest path that can be skipped for each
garbage truck. Data generated from Pigeonhole then used to determine the shortest path by
using Dijkstra algorithm.

1. Introduction
Environmental hygiene is a hot topic and is often a major issue. Stacking garbage especially in big
cities is often a very disturbing problem. Increasing the amount of unbalanced waste by the
environmentally friendly management will cause damage and environmental pollution [1]. The faster
the garbage is transported by the janitor then the more cities that look beautiful, awake hygiene and
health awake. Garbage that often accumulates in temporary dumps (TPS) one of them is caused by the
lack of truck fleets and the right lane that truck passes. Garbage truck lanes should be tailored to the
best paths that can be skipped and adjusted to the number of garbage tonnages in each different TPS.
Incomplete waste management will trigger social problems, such as mass ammunition, clashes
between residents, blocking of landfill facilities [2]. In addition there are some previous studies
developed by Susanti et al. [3] on optimization of the transport of garbage vehicles. The problem of
vehicle routing (VRP) is a combinatorial problem where its solution requires from existing algorithms
and the development of new ideas [4]. The method of VRP settlement and its implementation is
exemplified by Iskandar [5]. Lacomme et al. (2006) develop Memetic Algorithm (MA) for solving
the capacitated arc routing problem [6].

The number of truck fleets, truck fleet lines, the location of TPS and the amount of waste tonnage
is determined first. Then all truck fleets will be determined the best path from the early existence of
truck fleet to TPS and from TPS to Final Disposal Site (TPA) or other TPS.
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Initially from each truck fleet assigned to TPS, this election was performed using a pigeon hole
algorithm. The method for determining the best path is to use the dijectstra algorithm for the selection
of the shortest path on the path that the truck can pass. The purpose of moving trucks in TPS can be
determined by the pigeon scheduling algorithm.

In this study it is assumed that the path has the same level of congestion and has the same speed.
The time obtained is calculated based on trajectory length and time of the predetermined truck (time =
distance / average velocity). The time required for preparation, transportation and waste reduction is
also ignored. Start times for all trucks are also considered the same and determined at the beginning of
the system. The number of trucks is determined early so that each trucking route can be determined in
the system to be created so that the amount of time it takes to clean up the garbage at the TPS can be
determined to a minimum.

2. Experimental

Waste transport planning uses the concept of route optimization [7] by applying the Dijkstra [8]
algorithm. This method has been developed in multigraph [9]. Stages of work in this study are as
follows in figure 1.

Activities Output
Literature study Concepts and theories related to waste management
Collect data Information needed for waste data management
System analysis Problems that require solutions
System development Optimization of waste management

Figure 1. Research flow for optimize system

In accordance with the stages of the research in this study using two methods of pigeonhole method
to determine the placement of the fleet at the TPS location of the destination algorithm dijkstra to
determine the shortest path / trajectory of trucking. The optimization calculation by using dijkstra
method is applied for rail optimization [10].

The same has also been done by Arinalhag, Imran, and Fitria (2013) determination of Waste
Transportation Vehicle Routes but Using the Nearest Neighbor Method [11].

The location of research observation is Surakarta area which has an area of about 44 Km?,
according to geographic location Surakarta City split and flowed by 3 (three) big river that is river of
Bengawan Solo, Kali Jenes and Kali Pepe. Observations are devoted to the disposal site of the
Surakarta region covering the districts of Banjarsari, jebres, Pasar kliwon, laweyan, serengan. And
conducted data collection is by using the method of interviews, field surveys and also use data from
the city cleanliness agency.

3. Result and Discussion
Solving waste management problems is an optimization problem where routes with high optimization
values will be determined [12].

Implementation Database system is a database of applications built. In this program only used one
table as storage of TPS data throughout Surakarta and longitude and latitude Google Maps. Tables are
then called markers with detail structures as shown in Figures 2.
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# Name Type Collation Attributes Null Default Extra Action

1id int(11) Mo Mone  AUTO_INCREMENT 7 Change @ Drop 2 Primary [ Unique (5 Index [E Spatial = Mare
2 nama varcharB0) latin1_swedish_ci Mo None & Change @ Drop 5 Primary g Unique =] Index [ Spatial = More
3 alamat varchar(B0) latin_swedish_ci Mo None &7 Change @ Drop 5 Primary [ Unique (5 Index 8 Spatial = More
4 lat float(10 5 Mo Mone & Change @ Drop .2 Primary g Unique =] Index 8 Spatial -+ More
5 Ing float(10 B) Mo None & Change @ Drop 5 Primary [3g Unique (& Index 8 Spatial = More
B tipe varchar(30) latin1_swedish_ci Mo None & Change @ Drop 5 Primary g Unique =] Index [ Spatial = More

t+ Check All With selected: 7] Browse 7 Change @ Drop 0 Primary [ Unique 5] Index [ Spatial [ Fulltest

(=) Print view 4B Relation view B Propose table structure (@ @ Track table g5 Move columns

Fe Add |1 column(s) ® At End of Table At Beginning of Table After| id v Go
+ Indexes
Information
Space usage Row statistics
Data 1.7 KiB Format dynamic
Index = KiB Collation latinl_swedish_ci
Total =.% KiB Rows e
Row length 55 B
Row size 116 B
Next autoindex 35
Creation Nov 28, 14 at @3:2d M

Figure 2. Table used for TPS data collection in Google Maps
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fiter databases by name X &7 Edit 3 Copy @ Delete 1 MUGONO JI Dr Rajiman (antara sarkem dan singosaren) | -7.571287 | 110.810603 TPS
Y P o Edit % Copy @ Delete 2 SONDAKAN KUBURAM JI- IKH Samanhudi (belakang citra medika) -7 567147 | 110.793868 TPS
- tokabukn o7 Edit 3¢ Copy @ Delete 3 NGEMPLAK JI. Letdend Sutoyo (dket jembatan ngemplak) | -7.553608 | 110.529346 TPS
S takobuku? o7 Edit 3 Copy @ Delete 4 PANTIWALUYD A Yani cek 7 557673 110.791306 TPS
FH | tokobuku3 &7 Edit %2 Copy @ Delete 5 SP3A JlA YanifSLE (dekat SWKT) cek -7.952453 | 110.802650 TPS
; *
@ tokabukud o7 Edit 32 Copy @ Delete 6 SONDAKAN 1 JI Transito {sepanjang rel masuk dr punvosar) | -7 562918 110.787148 TPS
*d 1';':?”""”9 &7 Edit 3¢ Copy @ Delste 7 SONDAKAN 2 JI. Transita 7564008 | 110.786522  TPS
Eime) =
_;_7 :J tpssolo o Edit %e Copy @ Delete & MINAPADI I Popda ijernbatan seberang titonadi) -7.8591016 110821320 TPS
L tugasakhir 7 Edit i Copy @ Delete 9 PERUM BECAK JI. Adi Sucipta (belakang usahid) 7549677 | 110.736011 | TPS
s
'Ii" i ujian o~ Edit Fe Capy @ Delete 10 SAMSAT JI. Prof Suharso (utara samsat) -7.552046 110.787543 TPS
1 “J‘anib . &7 Edit %é Copy @ Delete 11 BKIA L P Lurmban Tahing -7 562383 | 110.823333 | TPS
1_ J Ej:z:a K o Edit 3¢ Copy @ Delete 12 BONOLOYO JI Sumpah Pamuda (dkt kuburar) 7 540001 110 522506 TPS
& Wjiana012 &7 Edit 32 Copy @ Delete 13 NLIPAKAN Uit Juanda 7 570771 | 110 F45ER3 | TPS
e | ujiantesis o Edit %2 Copy @ Delete 14 SARNMARNA JI. Cokroaminato 7565971 110.847862 TPS
s £
‘||'_ | Ujiantesis2 &~ Edit %€ Copy @ Delete 15 SILIR BARU Jl. Serang SFA91Z7 M0E307E [ TPE
@ wionve! 7 Edit 3£ Copy @ Delete 16 SILIR LAMA JI. Serang/Ps.Notoharjo 7.550016 | 110.834618 | TPS
. user =
_"__ - whl o Edit 3¢ Copy @ Delete 17 KERKOP I Sindutan/SMAN.S -7.0B3575 | 110840385 TPS
_L_ -J whi? o Edit %2 Copy @ Delete 18 SAMUDRA PASAI I Sarnudra Pasal (dilsi norowangsan) -7.0599160  110.783447 TPS
4:-— ) whi2012 &7 Edit 3¢ Copy @ Delete 19 PAJANG REL L Transita cek 7573520 | 110.779455 | TPS
ot WE:'””?”“” o7 Edit ¢ Copy @ Delete 20 JOY ONTAKARN JI. Karandan 7.592432| 110.823242 |TPS
— | whitesis -
I_ = webauth o7 Edit Fe Copy @ Delete 21 LAWEYAN Kampong Batik 771714 110797363 | TPS
g ) webserv o7 Edit 3¢ Copy @ Delete 22 PAJANG GENTAN Sanggalangit 7 574840 110 TA3226 TP
localhost/phprregadmintbl_structure.phpfdb=tpssoloftable=matkers &take.., JIL Kartopuran/Lap Kartopuran -7 578572 | 110817780 | TRS

Figure 3. Sample Data on Table Markers for TPS data collection

Based on these data, then by using coordinates google Maps obtained the point Terminal, TPA and
TPS-TPS in the city of Surakarta as in Figure 4.
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Figure 4. Location of all polling stations in Surakarta.

In this application is divided into 4 transportation processes namely Transport 1 (P1), Transport 2
(P2), Transport 3 (P3), Transport 4 (P4). And obtained the results of them for the location Ngemplak.
On Results in the program using the Google MAPS route a visualization of the path as will be drawn
on one of the routes on the truck 15 (longest route) with route TERMINAL-TPS NGEMPLAK-TPS
SAMSAT-TPA-TPS BONOLOYO-TPA-TPS BKIA-TPA with 45 km distance. The depiction of

routes one by one as in the picture in figure 5.
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Figure 6. TPS rute of ngemplak-TPA

Dan this process will be repeated for other areas. Based on the total area of Surakarta city, there are 23

optimum pathways, namely:
i. Rute-1 : TERMINAL-TPSBKIA-TPA-TPSSONDAKAN 1-TPA-TPSMOJOSONGO-TPA-

TPSBKIA-TPA with mileage 39,9km
Rute-2 : TERMINAL-TPSBONOLOYO-TPA-TPSSILIR LAMA-TPA-TPSDAWUNG-TPA

with mileage 41 km
Rute -3 :TERMINAL-TPSDAWUNG-TPA-TPSSAMPANGAN BARAT-TPA-

TPSSAMSAT-TPA with mileage 42.6 km
iv. Rute -4 :TERMINAL-TPSJOYONTAKAN-TPA-TPSSAMBENG-TPA-TPSSONDAKAN

1-TPA with mileage 43.1 km
Rute -5 :TERMINAL-TPSJURUG-TPA-TPSSILIR BARU-TPA-TPSSARIWARNA-TPA

with mileage 36.9 km
vi. Rute -6 :TERMINAL-TPSKARTOPURAN-TPA-TPSMUGEN LEPAS-TPA-TPSSILIR

LAMA-TPA with mileage 41.6 km
Rute -7 :TERMINAL-TPSKEDUNG TUNGKUL-TPA-TPSSONDAKAN KUBURAN-

TPA-TPSBONOLOYO-TPA with mileage 35.5 km
viii. Rute -8 :TERMINAL-TPSKERKOP-TPA-TPSSAMUDRA PASAI-TPA-TPSBKIA-TPA

with mileage 37.9 km
iX. Rute-9 :TERMINAL-TPSLAWEYAN-TPA-TPSJURUG-TPA-TPSBKIA-TPA  with

mileage 36.7 km
X. Rute-10 :TERMINAL-TPSMAKRO-TPA-TPSSARIWARNA-TPA-TPSSONDAKAN 2-

TPA with mileage 44.3 km

Vil.
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Xi.

Xii.

Xiii.

XiV.

XV.

XVi.

XVil.

XViil.

XiX.

XX.

XXI.

XXil.

XXiil.

Rute-11 :TERMINAL-TPSMINAPADI-TPA-TPSDAWUNG-TPA-TPSSILIR BARU-TPA
with mileage 41.6 km

Rute-12 :TERMINAL-TPSMOJOSONGO-TPA-TPSSONDAKAN 2-TPA-TPSBKIA-TPA
with mileage 38.3 km

Rute -13 :TERMINAL-TPSMUGEN LEPAS-TPA-TPSMUGONO-TPA-TPSMINAPADI-
TPA with mileage 36.6 km

Rute -14 :TERMINAL-TPSMUGONO-TPA-TPSSAMPANGAN TIMUR-TPA-TPSSPSA-
TPA with mileage 42.2 km

Rute-15 :TERMINAL-TPSNGEMPLAK-TPA-TPSSAMSAT-TPA-TPSBONOLOYO-TPA-
TPSBKIA-TPA with mileage 45 km

Rute-16 :TERMINAL-TPSNLIPAKAN-TPA-TPSSPSA-TPA-TPSSAMPANGAN BARAT-
TPA with mileage 39.3 km

Rute -17 :TERMINAL-TPSNOROWANGSAN-TPA-TPSBKIA-TPA-TPSSAMPANGAN
BARAT-TPA with mileage 40.2 km

Rute -18 :TERMINAL-TPSPAJANG GENTAN-TPA-TPSBONOLOYO-TPA-TPSBKIA-
TPA with mileage 37.6 km

Rute-19  :TERMINAL-TPSPAJANG  REL-TPA-TPSKEDUNG
TPSBONOLOYO-TPA with mileage 35.1 km

Rute -20 :TERMINAL-TPSPANTI WALUYO-TPA-TPSMINAPADI-TPA-TPSJURUG-
TPA with mileage 36.8 km

Rute -21 :TERMINAL-TPSPERUM BECAK-TPA-TPSNGEMPLAK-TPA-TPSBKIA-TPA
with mileage 37.1 km

Rute-22 :TERMINAL-TPSSAMBENG-TPA-TPSNLIPAKAN-TPA-TPSSAMUDRA
PASAI-TPA with mileage 44.4 km

Rute-23 :TERMINAL-TPSSAMPANGAN BARAT-TPA-TPSSOLO SQUARE-TPA-
TPSSILIR BARU-TPA with mileage 42.9 km.

TUNGKUL-TPA-

Based on the result of application of Dijkstra method there are several route options which can be
used as recommendation for garbage transportation in Surakarta city.

rute selection with Dikjstra
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Figure 7. Rute selection with dikjstra
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4. Conclusion

The simulation of pigeon hoel and dijkstra algorithm was used to optimize the garbage collection time
in Surakarta City by using the distance between the TPS and the garbage tonnage at each TPS as the
main parameter of determination. Generated precision of distance utilization which will optimize the
time of garbage transportation and indirectly the target of city cleanliness can be achieved. From this
research we get 23 optimal route for garbage transportation in Surakarta city.

References

[1] T Kustiah 2005 Kajian Kebijakan Pengelolaan Sanitasi Berbasis Masyarakat, Bandung, Pusat
Penelitian & Pengembangan Permukiman, Balitbang Departemen Pekerjaan Umum

[2] Hadi S P 2004 Sindrom Sampah Kompas 7 Desember 2008 Jakarta

[3] Susanti E, Cahyono E S, and Dwi Purwani O 2016 Jurnal Matematika 6(2) ISSN: 1693-1394

[4] Toth P and Vigo D 2002 The Vehicle Routing Problem. Philadelphia PA: SIAM

[5] Iskandar 2010 Tesis (Bogor: Institut Pertanian Bogor)

[6] Lacomme P, Prins C, and W Ramdane-Cherif 2001 Applications of Evolutionary Computing
473-483

[71 Rardin R 1998 Optimization in Operation Research (New Jersey: Prentice-Hall)

[8] Dijksta E W 1959 Numerische Mathematic 1(1) 269-271

[9] Siddhartha Sankar Biswas, Bashir Alam and M N Doja 2013 J. Comp. Sci. 9 (3) 377-382

[10] Pandey P, Dixxit S 2014 IJRITCC 2(3) 435-440

[11] Arinalhaq F, Imran A and Fitria L 2013 Jurnal Online Teknologi Nasional 1(1) 32-42

[12] Katzin 2008 Route optimization application in waste collection system (Lithuania: Vilniaus
Gedimino technikos universities)



