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Table 5. Selected quantifiers and their Properties

Quantifier (Q) ORness ANDness TRAD-off GIS combination procedure

¢ o9 GRS G Sy Gady ol L @Y cus 7 by
a—0 At least one 1 0 OWA(OR, MAX)
a=0.5 A few a a OWA
=1 Half (identity) 05 1 OWA(WLC)
a=2 Most a a OWA
o= 10 Almost all a a OWA
o —® All 0 0 OWA(AND, MIN)
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Cost Raster
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Fig.6- Route extraction by minimum cost Pat
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Table 6. Comparison of paired Sub Criteria technical-economic

Aleog; (bl oy gl game (L8l ol el =l S kel ol sbro )
River Geology Height Main  Land Cover Slope S-road Fault M-road Sub Criteria
3 3 2 4 3 2 3 3 1 whotoly

M-road
1.2 1 1.2 1 1.2 12 1 1 1.3 J
Fault
1.2 1.2 1.2 1 1.2 1.2 1 1 13 =l
S-road
1 2 2 2 2 1 2 2 12 N
Slope
1 2 12 2 1 12 2 2 13 2Llsnl
Land Cover
1.2 1.2 1.2 1 1.2 1.2 1 1 1.4 oo
Main
12 1 1 2 2 12 2 2 12 gu )l
Height
1.2 1 1 2 1.2 12 2 1 1.3 bl e
Geology
Aﬂéés)
1 2 2 2 1 1 2 2 1.3 ]
River
oo 5 gL lre 315 95 4 90 Wl lie -V Jouor
Table 7. Comparison of paired sub criteria environmental
alsog, ool cbles 3bleo 4.@‘,.37 2 e sbzo p)
River Protected area Stream Land Cover Sub Criteria
1 1.2 8 1 ts‘b‘)‘ 331
Land Cover
15 18 1 15 sl
Stream
1 1 8 ) o cblis gble
Protected area
3 13 5 1 oo,
River
ol sbylro 90 s g0 Wluwlio -A Jouer
Table 8. Comparisons of paired main criteria
shaze S ) golaidl— 8 Jbxe
Environmental technical-economic Criteria
1/2 1 ‘sé.LaJs‘ - ‘sd -
technical-economic
2 2 gb'm S §
Environmental
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Table 9. The weight obtained for the criteria and sub-criteria using the AHP method

039 s 23 039 Jbre
Weight Sub Criteria Weight Criteria
0.248 ol el
M-road
0.063 s
Fault
0.057 w20
S-road
0.145 N
Slope
0.104 2l el 0333 eobadl— 28
Land cover Technical-economic
0.057 o
Main
0.109 el
Height
0.081 i o)
Geology
0.136 ey,
River
s ot cbli> 3bli
' Protected area
0.050 aal]
Stream o
0.667 G"*"" o)
0215 alsog, Environmental
River
0.236 csb‘)‘ <5J?)L§
Land Cover
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Table 10. The points given to the formations are technically-economic

olasdl - 23 L5 51 5Ll ouijlw pb
Technical-economic weight Formation name
Mishan
1 & el
Aghajari
0.85 “5"“9_
Lahbari
0.45 &)L—w
Bakhtiari
035 $F5HlS
Quaternary
0.25 ohlens
Gachsaran
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Table 11. The points given to the formations are

environmental

(b 5 5 51 sl obamdl = (S5 b5 51 skl G pb
Environmental weight Technical-economic weight Land cover name
0.9 0.8 $slss
Agriculture
1 1 (e
Residential
0.95 0.85 S
Forest
05 045 w7 n e
High-density pastures
04 0.35 Lgs gile
Medium pastures
Low-density pastures
1 1 .
Dam
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Tablel2. The privacy used to standardize the sub criteria
Oo=o FuS ebely Lol glrely  ailsog, anlyl sucdblis Al Jbxo 5 e
Main Fault S-road M-road River Stream Protected area Name of sub criteria
100 100 75 20 100 5 150 (h0) 1 590 4251 o2 >
Area privacy (Meter)
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Table 13. The vector of sequential weights for the compensating and control levels for the technical-economic sub criteria

0—00 a=10 a=2 a=1 a=05 o—0
1 0.4439 0.1108 0.111 0.0290 0
0 0.2580 0.1043 0.111 0.0298 0
0 0.1555 0.1077 0.111 0.0341 0
0 0.0920 0.1246 0.111 0.0458 0
0 0.0394 0.1435 0.111 0.0626 0
0 0.0095 0.1272 0.111 0.0714 0
0 0.0016 0.1254 0.111 0.1004 0
0 0.0001 0.0929 0.111 0.1289 0
0 0 0.0614 0.111 0.4980 1
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Table 14. ORness, ANDness, and TRAD-OFF values for fuzzy quantizers used for the technical-economic sub criteria

TRAD-OFF ANDness ORness
« SRN ol SRS Sy SRANSw

a—0 0 0 1
a=05 0 0.21 0.79
a=1 1 0.50 0.50
a=2 0.93 0.53 0.47
a=10 0.99 0.87 0.13

o —00 0 1 0
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Table 15. The vector of sequential weights for the compensating and control levels for the Environmental sub criteria

o —0 a=10 a=2 a=1 a=05 a—0
1 0.4013 0.0975 0.25 0.0253 0
0 0.5527 0.3623 0.25 0.1174 0
0 0.0451 0.2912 0.25 0.1509 0
0 0.0009 0.2490 0.25 0.7064 1
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Table 16. ORness, ANDness, and TRAD-OFF values for fuzzy quantizers used for the Environmental sub criteria

TRAD-OFF ANDness ORnNess
¢ Sy ol GRS Sy SRS

0—0 0 0 1
a=05 0 0.15 0.85
a=1 1 0.50 0.50
a=2 0.78 0.44 0.56
a=10 0.99 0.79 0.21

0, —00 0 1 0

ol 5o ylmo (gl p Sy 9 Sy Ol J A8 obaw ol Cawsy (o i B39 510 2 1Y Jgua

Table 17. The vector of sequential weights for the compensating and control levels for the main criteria

o —00 a=10 a=2 a=1 a=05 a—0
1 0.9826 0.5551 0.5 0.1833 0
0 0.0174 0.4449 0.5 0.8167 1

Lol s sLxo gl oolisiw! 0590 (531 (s gew oS 5l 2 TRAD-OFF g ANDness ORness yolio —VA Jgus
Table 18. ORness, ANDness, and TRAD-OFF values for fuzzy quantizers used for the main criteria

TRAD-OFF ANDness ORness
¢ Sy ol S Sy SRMSw )

a—0 0 0 1
a=05 0.37 0.19 0.81
a=1 1 0.50 0.50
a=2 0.89 0.56 0.44
a=10 0.95 0.98 0.02

o —w 0 1 0
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Table 19. Comparison of factor length, cost, average slope and average height in six scenarios

(%) gLl bawgio (W0 59) s b giio gy () Job P

Average Height (Meter) Average Slope (Percent) Cost Length (Meter) Scenario
236.20 6.94 196.36 43.79 All (AND)
237.87 9.96 486.40 28.35 Almost All
245.16 12.81 508.96 26.37 Most
251.44 16.87 846.35 26.6 Half (WLC)
261.66 20.54 1565.72 24.2 A Few
265.86 20.94 1836.31 24.04 At least one (OR)
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Fig.7- Two examples of cost tables are presented using the combined model. A) A Few Scenario b) Almost All Scenario
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Fig. 8- The paths extracted by the algorithm in different scenarios. A) At Least one (OR) b) A Few c) Half
(WLC) d) Most E) Almost All F) All (And)
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Table 20. Length measure, Medium slope, Medium height for the existing route

(y0) glad )l bawgio
Average Height (Meter)

(39039) o ansgio
Average Slope (Percent)

() Job

Length (Meter) 09T GO yamo

Existing path

266.85 16.11 33.13
93w i )0 39290y 4iy 3B Hludio —VY Jguer
Table 21. Route cost amount in six scenarios
OR A Few wLC Most Almost All AND 9%.)&»:_
Scenario
2755.91 2373.24 1235/4 1741.08 896.02 455.29 9790 s &30
Cost existing path
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Introduction: According to distribution requirements and the broad distance between production and
consumption centres in Iran, linear infrastructure development plays an important role and should be
considered as a vital necessity. Routing problems include many factors which are often incompatible with each
other and incompatibility amongst parameters causes significant delays in the process of routing. Hence, it is
of interest that use of the new utilities in Geographic Information Systems (GIS) to optimize the routing process
can resolve the difficulties faced in decision-making steps.

Materials and methods: This study aims at optimizing oil pipeline routes from wells drilled to the refinery by
using different scenarios and to consider is ORness and ANDness. In the beginning preparation stage all
necessary spatial data Like, Geology, land cover, slope, Dem, Fault, Main, River, stream which are required to
find the optimal route for establishment of oil transmission line have been collected than Standardization and
Preparation by using reducing and Increasing linear weighting function. AHP process has been hired in order
to find spatial weight of each parameter’s effectiveness in terms of cost of establishment and oil line interaction
with its surrounding environment. Ordered weighted average (OWA) method has been applied to integrate
spatial data and achieve the result, cost layer. Dijkstra's algorithm has then been used to find the optimal route
between the location of wells and refineries.

Results and discussion: The results show that with increase in the value of a, the amount of cost, average
slope and height of the oil transit route increase. In scenarios with a < 1, higher values are given to high-value
pixels. While higher order weights are assigned to values with a lower numerical value in the same position.
Therefore, the length of the route from the All (AND) scenario to the At least one (OR) scenario decreases.
Because the Dijkstra's algorithm is a single-objective algorithm and aims at extracting the path with the least
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cost. Because at every move, Choose a pixel with the lowest Accumulative cost as the direction of motion and
do not pay attention to the length of the route.

Conclusion: By comparing the existing route and the paths obtained from the Dijkstra's algorithm in different
scenarios based on the factors of length, cost, mean slope and height of the route extracted In Almost All, Most,
and Half (WLC) scenarios, are better than the other options in terms of techno-economic and environmental
conditions in study area. Other scenarios have produced better results than some of the existing ones in some
of the factors. Providing Various Results, With ORness and tradeoff this method has great flexibility in
estimating the needs and priority of decision makers in the field of petroleum industry to design optimal
transmission lines.

Keywords: Routing, Geographic Information Systems (GIS), Dijkstra's algorithm, Analytical Hierarchy
Process (AHP), Ordered Weighted Average (OWA)
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