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ABSTRACT : As a developing country, in terms of road network, Indonesia is dominated by
sparse road network : the regency, the provincial and the national road network. Therefore,
the network quality of the road network is capital to be formulated. This paper is designated
to present the research result on formulating the connectivity quality as part of network
quality. The network quality is formulated based on network performance to execute its
function. The main functions are to connect different points of the region, to flow the traffic
and to cover the area on a certain density. The connectivity quality must measure how well
the nodes are connected each other. The quality must be measured against a desired
condition. This principal is derived afterward into three measures, i.e. : the percentage of
number of connected nodes, the percentage of the total road length and the ratio of total
shortest path distance. Connectivity quality is calculated for each vehicle category. A special
matrix method for transportation network analyses must be used to execute the whole
calculation.
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1. INTRODUCTION

Indonesia, as a developing country, is dominated by sparse road network. The sparse road
network mainly are the regency road networks, the provincial road networks and the
national road networks (Hitapriya, 2014, 2015). At present, common road network evaluation
are based on physical segmental quality and traffic engineering quality. The segmental
physical quality deal with the road segment pavement and geometric quality. While traffic
engineering quality normally is evaluated based only on traffic flow fluidity measure
(Hitapriya, 2014, 2015, Tamin, 2008). For a sparse road network, it can be thought easily that
those two qualities mentioned above are not enough, therefore network quality needs to be
formulated (Hitapriya, 2008,2010, 2014, 2015). As an example, it can be mentioned that the
development of the Suramadu Bridge in Surabaya, the Jakarta By-Pass Road in Jakarta, the
Pasopati Bridge in Bandung, the Normandy Bridge in France, the Honshu-Shikoku Bridge in
Japan are all for improving the Connectivity Quality of the existing road network. Thus,
those all are for improving network quality (Hitapriya, 2010, 2014, 2015, Anonim, 1992,
Yoshinaga, Kishimoto & Ohe, 2001).

In general, network quality of a road network is not yet considered and formulated, while it
is very important, especially for a sparse road network. The network quality must be
formulated based on the road network performance in executing its functions. While the
road network main functions are to connect different points in the region, to flow the traffic
and to cover the regions in certain coverage and density. Network quality in terms of traffic
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flow quality has been formulated, in terms of traffic flow itinerary quality (Hitapriya, 2014,
2015).

This paper present the research result on developing the network quality of a road network,
in terms of connectivity quality, together with its calculaltion method.

2. LITERATURE REVIEW

Basic Network Quality of a Road Network. Network quality had ever been formulated in
several cases (Ridwan, 2008, Tamin, 2008, Taaffe, Gauthier & O’Kelly, 1996, John Black 1981).
Unfortunately, those formulations are either partial for certain cases only, unintegrated or
can be considered imperfect in certain points. In a new research, Road Network Quality has
been formulated as the network performance to execute its function. The three main
functions are : to connect different points in the region, to flow the traffic circulating in the
region and to cover the region in certain coverage and density. This formulation of road
network functions and road network quality is presented in Table 1 below (Hitapriya, 2014,
2015).

Table 1. Basic Network Quality of a Road Network

Function Quality Explanation
To connect Connectivity How well important points are connected each other.

. . - How well important points can be accessed from other
different points Accessibility .

points.

To flow the Itinerary How good traffic flow itinerary are.
traffic Fluidity How fluid are the traffic flow
To cover the Coverage How large the road network cover the area
region Density How dense is the road network

Source : (Hitapriya, 2014, 2015)

Road Network Model. The road network model ever used in road transportation analysis
are very various, e.g. : simple node-link network, transport demand network model, traffic
light coordination network model, cell tranmission network model (Tamin, 2008, Binning &
Crabtree, 2002, INRO Consultant, 1999, Daganzo, 1994, Ortuzar & Willumsen, 1994). For this
analysis the simple node link network model is the most appropriate (Hitapriya, 2014, 2015).
The model is presented in Figure 1 below.

@

®
O O

Figure 1. Simple Node Link Network Model

O

Special Matrix Method for Transportation Network Analysis. A special matrix
calculation technic has been developed initially for executing road network calculation. The
idea is triggered by the necessity to analyse transportation network and the existence of
spreadsheet type software. Network data can be presented in a form of a list or a matrix. To
be able to be calculated by using spreadsheet type software, the data must be presented in
a matrix form. This method is based on a special n x n matrix, a special matrix operation and
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algebra min-plus operation (Hitapriya, 2014, 2015, Suprayitno, Mochtar & Wicaksono, 2014).
This special technic is necessary to be developed since the existing matrix technics is not
adequate for this purpose (Munir, 2012, Arifin, 2001, Goldberg, 2000, Baccelli, Cohen, Olsder &
Quadrat, 1992, Hamdy, 1992, Hillier & Lieberman, 1990, Bondy & Murty, 1982, Brand & Sherlock,
1970).

Three Form of Matrix are used in this method, i.e. : basic matrix, expanded matrix and
indicative matrix (Hitapriya, 2014, 2015). These three types of matrix are presented in Tabel
2 below.

Tabel 2. Three Types of Matrix

Basic Matrix Expanded Matrix Indicative Matrix
BM |1]|2]|3]|4 EM |1]2|3]|4]SR IM|1]2]|3|4|SR|IR
1 1
2 2
3 3
4

SC SC

IC

Special Matrix Operation was developed around mathematical operation for constant,
variabel, set and matrix (Hitapriya, 2014, 2015). Example of three special matrix operations
needed for Connectivity Quality calculation are presented below.

e Matrix Expansion:

meM = xymM
= m.M + SR; + SC; + SM
SR; = Y my
SC]' = Z m;)
SM = Y mjor) SRjor ) SC
e Matrix Expansion Indicative :
miM = 1meM
= meM+IRi+IC;j+SI
IRi = Ciif mathematical condition IRj, else C2
IC; = Ciif mathematical condition IC;, else C2
S| Y. IRjor ) IC;

e Min-Plus Algebra Matrix Multiplication

mM = mA®m.B
m.Mj ©p-=1P" (@i + bpj)

= minp-1P= (ap + b))

3. CONNECTIVITY QUALITY DEVELOPMENT

Quality Components Development. Network function - to connect different points - can be
derived into two quality components : connectivity and accessibility. This paper discuss
only the Connectivity Quality.

25



Jurnal Transportasi: Sistem, Material dan Infrastruktur
Vol.1, No.1, Tahun 2018

Network Quality should be measured in number with a maximum number as an ideal
condition. For this purpose a desired condition is needed as a reference for an ideal
condition, since ideal condition does not exist. The ideal condition should be represented
by an Expected Network.

In principal, Connectivity Quality deals with wether all of the points of the region which
should be connected are all well connected. This connectivity, therefore, should be
expressed in several measures :

e precentage of number of connected points : a ratio between the number of the
Existing Network connected nodes to that of the Expected Network.

e precentage of total road length : a ratio between the Existing Network total road
length to that of the Expected Network.

e precentage of total shortest path distance : a ratio of the Existing Network total
shortest path length to that of the Expected Network.

The Connectivity Quality Measures are summarized in Tabel 3 as follows.

Tabel 3. Connectivity Quality Measures
Quality Measure
Number of points
connected, existing
compared to expected
network.

Total road length, existing
compared to expected
network.

Shortest path distance,
existing compare to
expected network.
Accessibility Not treated.

Connectivity

The three Connectivity Quality Measures, as defined above, are illustrated through a simple

virtual case below.
O
7 7
5 5

| Existing NetworkFxpected Network

Figure 2. Connectivity Quality Illustration

The Connectivity Quality of the sample above can be calculated manually easily. Calculation
result indicated that : there is one unconnected node, the existing total road length is 50%
of that of the expected one, while the existing total shortest path distance is still
unacceptable. The calculation result is presented in Table 4.
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Tabel 4. Connectivity Quality Calculation

Number of Total Total
Connected Road Shortest
Node Length Path
Existing
Network 3 12 ©
Expected
Network 4 24 110
Difference -1 -12 0
Pourcentage 75% 50% 0%

3.1. Calculation Method Development.

The connectivity calculation of the simple sample above can be done manually very easily.
But the case network are always large and complicated, therefore a Special Calculation
Method need to be developed. The method must be based on Special Matrix Method for
Transportation Network Analysis in order to able to be done by using a spreadsheet software.

Based on that Special Matrix Operation Method, certain 3 Calculation Steps are needed to
execute Connectivity Quality calculation. These are presented as follow.

Precentage of Number of Connected Nodes for a Vehicle Class
Number of Connected Nodes - Expected Network for a Vehicle Class
Indicative Matrix of Connected Nodes - Expected Network for a Vehicle Class
Matrix of Link Length — Expected Network for a Vehicle Class for a Vehicle Class
Number of Connected Nodes - Existing Network for a Vehicle Class
Indicative Matrix of Connected Nodes - Existing Network for a Vehicle Class
Matrix of Link Length — Existing Network for a Vehicle Class for a Vehicle Class

Precentage of Total Road Length for a Vehicle Class
Total Road Length - Expected Network for a Vehicle Class for a Vehicle Class
Expanded Matrix of Link Length — Expected Network for a Vehicle Class for a Vehicle Class
Matrix of Link Length — Expected Network for a Vehicle Class for a Vehicle Class
Total Road Length - Existing Network for a Vehicle Class for a Vehicle Class
Expanded Matrix of Link Length — Existing Network for a Vehicle Class for a Vehicle Class
Matrix of Link Length — Existing Network for a Vehicle Class for a Vehicle Class

Ratio of Total Shortest Path Length for a Vehicle Class
Total Shortest Path Length - Expected Network for a Vehicle Class
Expanded Matrix of Shortest Path Length - Expected Network for a Vehicle Class
Matrix of Shortest Path Length - Expected Network for a VVehicle Class
Matrix of Link Length — Expected Network for a Vehicle Class
Total Shortest Path Length - Existing Network for a Vehicle Class
Expanded Matrix of Shortest Path Length - Existing Network for a Vehicle Class
Matrix of Shortest Path Length - Existing Network for a Vehicle Class
Matrix of Link Length — Existing Network for a Vehicle Class

3.2. CALCULATION TRIAL

Bangkalan Regency Road Network and the Model. Bangkalan Regency Road Network was
taken as a Test Case for a real calculation trial. It is choosen since the road network is still a
sparse network and not yet well developed. Therefore, this case is appropriate to test the
Connectivity Quality developed above.

The road network model consists of 61 nodes and 79 links. The links represent 4 classes of
roads: the Suramadu bridge and its access road, the national road, the provincial road and
the regency road. The node represent the region’s important points, the intersection and
the dummy points. The regions important points are ‘kecamatan’ center, transportation
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terminals and other activity centers. Calculation Trial has been done for 6 vehicle classes:
Truck 1, Truck 2, Truck 3, Pick-up & MPV, Car and Motorcycle.

The Bangkalan Regency Road Network, The Road Network Model together with The Road
Classifiaction related to the Class of Vehicle are presented in Figure 3.

Expected Network. First, to analyze the Connectivity Quality we need an Expected Network,
as areference of an ‘ideal condition’ to which the Existing Network is compared. Afterward
calculation can be made. The existing MPV Class Network and the Expected MPV Class
Network are presented in Figure 4.

Basic Network Data. Basic network data to calculate the Connectivity Quality for the MPV
Vehicle Class are Link Length Matrix of Existing Network and Link Length Matrix of Desired
Network; both are for MPV Vehicle Class. These two are presented in Tabel 5 and Tabel 6.

Figure 3. Bangkalan Road Network, Model and Road ClassificationDue to the number of pages
limitation for this paper, as an example, only Connectivity Quality calculation for MPV Vehicle Class
is presented in this paper.

Figure 4. Existing and Expected MPV Network
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Tabel 5. Matrix of Link Length - Existing Network for MPV Vehicle Class
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3.3.

Connectivity Quality Calculation.

Connectivity Quality is measured in terms of ratio value between the property value of the

existing network to the property value of the desired network. Three property values are
compared, i.e. :
distance. All these property value are calculated by using Special Matrix Method for
Network Analysis mentioned above. Those three calculation are presented below.

Tabel 6.

number of connected nodes, total road length and total shortest path

Matrix of Link Length - Expected Network for MPV Vehicle Class
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3.4.

Precentage of Nodes Connected.

The number of connected nodes, either for the Existing Network and the Desired Network
is calcualted based on Matrix Indicative of Connected Nodes Existing Network and Desired
Network, for MPV Vehicle Class. The Indicative Matrice are developed based on the
Expanded Matrices, which are built based on the Link Length Matrices. The two Indicative
Matrices are presented in Tabel 7 and Tabel 8 below.
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Tabel 7. Indicative Matrix of Number of Connected Nodes - Existing Network for MPV Class

mSD22e_CU
1 2 3 a 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 2

Kamal 1 00 146 207 40.8 435 55.5 36.8 284 15.5 70 155 187 288 343 57.5 57.4 436 378 523 137 26 59.0 683.1 1
Labang 2 145 0.0 6.1 26.2 342 413 2.5 141 17 16 13.8 148 330 38.6 617 616 479 420 56.5 242 127 63.2 668.5 1
Kwanyar 3 207 6.1 0.0 20.1 28.1 35.2 164 8.0 19 277 203 154 335 39.1 62.3 62.2 484 426 57.1 247 188 63.8 6584 | 1
Modung 4 40.8 26.2 201 0.0 104 175 17.0 258 280 478 404 355 536 59.2 824 823 B35 62.7 771 4438 389 8338 962.4 1
Blega 5 435 342 281 104 00 71 116 200 329 455 374 325 507 56.3 794 788 E5.6 59.7 742 418 466 804 9416 1
Konang 6 555 413 352 175 71 00 187 271 400 525 445 396 578 £33 865 801 726 66.8 813 450 536 817 10717 1
Galis 7 368 225 16.4 170 116 187 00 8.4 213 338 258 209 390 448 678 677 539 431 626 302 348 69.3 7515 1
Tanzh Merah 8 284 141 3.0 254 200 271 34 00 129 254 174 125 306 362 534 593 455 387 541 218 265 60.8 6337 1
Tragah 9 155 117 79 2380 329 400 213 129 0.0 204 124 74 256 312 543 543 405 347 491 168 136 55.8 586.5 1
Socah 10 7.0 216 7.7 478 455 52.5 338 258 204 0.0 36 129 218 274 505 504 387 308 453 68 96 520 B345 1
Bangkalan 1 155 19.8 203 404 374 445 258 174 124 86 0.0 45 132 188 420 4183 281 223 368 50 181 435 5166 1
Burneh 12 187 148 154 355 325 396 209 125 74 129 45 00 182 237 469 468 331 27.2 417 94 168 484 527.2 1
Arasbaya 13 288 330 335 536 507 57.8 390 306 256 218 132 182 00 56 287 286 149 9.0 235 182 314 302 596.1 1
Geger 14| 343 386 3.1 59.2 56.3 63.3 446 36.2 312 74 188 237 56 0.0 343 34.2 205 146 29.1 23.8 370 35.8 707.7 1
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16| 574 (2% 62.2 823 788 80.1 67.7 59.3 54.3 50.4 418 468 286 342 116 0.0 137 196 €4 453 600 16 9654 | 1
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Tabel 8 Indicative Matrix of Number of Connected Nodes - Expected Network for MPV Class
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Precentage of Total Shortest Path Length.
network are gotten from the Expanded Shortest Path
Matrix, existing and desired network, for MPV. The shortest path matrices are calculated
based on Link Length Matrices by using Min-Plus Algebra matrix power operation. The two
expanded matrices are presented in Tabel 11 and Tabel 12 below.

existing network and the desired

The total shortest path distance,

either for the
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Tabel 9. Expanded Matrix of Link Length - Existing Network for MPV Class
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Tabel 10. Expanded Matrix of Link Length - Expected Network for MPV Class
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3.5. Precentage of Total Shortest Path Length.

The total shortest path distance, either for the existing network and the desired network
are gotten from the Expanded Shortest Path Matrix, existing and desired network, for MPV.
The shortest path matrices are calculated based on Link Length Matrices by using Min-Plus
Algebra matrix power operation. The two expanded matrices are presented in Tabel 11 and
Tabel 12 below.

3.6. Calculation Result.

Calculation indicates the following value of Connectivity Quality. In terms of Number of
Connected Node, the network performance is 100%. In terms of Total Road Length, the
network performance is 74%, a road betterment of 84.55 km is needed to achieve the
expected network. In terms of Shortest Path Distance, the existing total shortest path
distance is 121% of the expected network one, means there is a difference of 2,871.70 km.
Calculation Result is presented in Tabel 13
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Tabel 11. Expanded Matrix of Shortest Path Length - Existing Network for MPV Class
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Tabel 12. Expanded Matrix of Shortest Path Length - Expected Network for MPV

mASD31le_MC

Kamal 1| 0 i148i207 03isisss zes2ma 187/ 288} 363 549 57ai436!378 5231371262} 59 | 10 s2s|s2sfeeziess sazi a5 (7ssi70s
Labang 2|145i 0 is1i262i342i413i225i 141 198/ 33 133214065135 375} 42 |62 242i 127 523|224 192|154 [ 582492} 24 i303:737]563
Kwanyar 3[207/ 61} 0 i201i281/352}164i808 15403260271 345 8525314373 | 200247 188 268 209 265 [215[ 521} 43113701242 761502
Modung a)esizeaizon o i10ei17si 17 a4 3s5i475) e (399 c0siss3isan|asaleasizesians) a5 ase|arsfaesiosainnniatsicoing
Blesa 5|s8si42i281i04 0 i7osiinel 20 3280455 3745325 3701316 2951305 353418 36 |s19isesiaa1| 400 saz2|m2f a0 15 isminesieeizg
Konzng 6 |sssie3i3s2iarsizos! o i187:271) s0 is25:ae2i396 300i05a 23112¢1 007 356 206 a9 (5381267 67 [e03| 63| 27eisesi 1219l aninza
Galis 703680225 164; 17 1161187} o 812131338 2583205} 33 {274 3451 41i318}i376|04]302i305i437] 383  s16|376[asmi 267 21ai212l613} 337
Tanshmreran | 8 |285i141i808i254¢ 20 270 iasai 0 fi29i2sainraiiasiaes! 19 264 3ai234i202] 32 |218i265i387) 2090332 2m2| 44 i3s1i299 29595 22
Tragah 9 |155i117 702} 28 i329) s0 i213 120 o i204imaizesizeeizaizesi so i363i3e7]sa9] 168 136i516| 17 i203] 163569 a8 28 2221704 55
socan 10| 656} 216 277 4781455 525 338 2541204 0 i855i123i218i274 481:504} 3671308 253|678 958F 52 [2051163]122] 573 605} 553i519i728 675
Bangiaian 11155} 198 203 404} 3741462 258 174} 124 855 o 4321321188 305ia19i2811203) 36897 181} 435[ 2731208 208 aemisasaraisesieasises
Burnen 12| 187} 148 154 3551325 3061209 125745 129 492} o (1821237 389i468i3311272| 217037 168i484[ 204 235 ]195] 537 4751023 ]300 508
Arosbays 13| 288} 33 326 475i371i 309 33 (2662561218 132} 182} 0 is558)2631286:149i90¢|235[1823145302[ 4061381 3¢ | 355 396 a21i 487} 51 (544
Geger 1834332 2740 22 31602545274 19 312 24 1885237 558} 0 1207:314i 1771146 263238} 37} 33 4621436 0] 3e3; 34 (365 isanisas;iamn
Kekop 15549} 40ci3¢5 3001205 221349 264 393 481 3051389 2631207} 0 i116i119i178]caalsas! 53 P132[sc3izes|see]1esiomni 20 i a2 | 30 far2
Tanjungoumi | 16| 5721513} 452] 409305} 291 421} 3717 50 i504i415}468i286 3121 116] 0 (137 195] 64 |463; 60 (18] €7 ies7 627 €9 26 |30 43 i224] %23
Sepul 17436} 375 314 4631359 207 1318 2341363 367 281:331 1481177 118i137} o ises|ses[33niaeaiissfsazisas|ams]a0eizryisiseslzer s
Kiampis 18378} a2 ;373 s22i418 356 376 292307308203 272{s0¢{106} 178 196585} 0 145|273 a0ai212[eseiara|es1|re5 az5ic67icazi @2 | 59
TP Banyusangha |19 5231462 401{ 464} 36 {296 404} 32 44914531368} 4171235 263 649 64 i863 145 0 |417i563i798| 619 616]576]|133]323/355 %a5i288 478
TeBengralan |20 1371242 207 428 a15] a5 302 28iesiere a7 ey te2 anniaes asninaia]az] o i1eaimalarrl 03 | 10 [s3misen s1a] as femsl ee
BF Kamal 21| 262} 127 188 335465 535 345 265) 138 953 181i163i31af 37 | 53 | 60 iec3is0e|sas|iesi o Peisl11aices|2ec| eniereiseaiamisgene
PLTiagabiru 22| 5o is2si468 42503200257 (437 3675060 52 |435148413021 33 {132/ 158153i212|798 (484 6167 0 |6acicad|c43|samioneianeiaaci 2s | 439

SubSuramadu | 23| 12 [224i2a8i a5 iessi 57 i3m3iassi 17 (205:273:224]406 462 563} 67 (533} 456|615 277 11ajeme| o i4es|a71|738i 65 issriamaigmei ;2

Subperak 24|o020{ 194} 265  4seisa2ienaia16 232{203 163285035381 ia36is0cicericaoiart|c1c| 22 ceaienafecei o [a01]7a6iemaiearimninntiven
PP Ujung 25528 154i215 4161492 563376 292163 1202087 195] 34 {396isseiearimaisnt|sre| 19 oesiess[sr1is01] o [eveieasi oo fssriastivia
Banyustes 26| 645 se2i521}a66i302 27814558 44 (569 57314881537 3551383} 185! €9 206i265]133 (538  eeaissn[7asi7ze| o] o f1s1iasriseriiss!
Tembelangan | 27| 351402431} 254} 15 i8es 67 351] 48 icosisasiezsizes) 34 258! 26 1377 435323569 6161276 €5 fem3)caa| 101} 0 [essi27eizesiss
Jrengik, 28583} 54 379202 981 112i214 299} 428 553 4725423 4211365; 29 | 30 i409i467| 355|517 s6ai316[s97ie31] 59 |57 68l 0 izzaisraines
Sreseh 20) 45 iz03i2e2ia16i125 1961212 206 322 515 aeside i seyiaan} 22 |43 iamsise3|aac| s ia31i4de[asisen|asy]aerioreinng; o lerzize
Ketapang 30| 798737 676 601407 4231613 595724 728  ce3i602] 61 538} 34 imaizeai 42 |2ms|e03imai 2e [soeimen|ss1]1ssizeciaaieaai o 242
same: 31705 s63i502325}221{234i337 421} 55 {675 595i596]544i488i413i4231532} 59 |75 64 (686i435[ 72 753|713] 38 i188i123i346{343¢ 0

Tabel 13 Calculation Result.

Total Total
Road Shortest
Length Path
node km km

22 242.67 16,509.58

Connected
Node

Existing
Network
Expected
Network 22 326.82 13,637.87
Difference 0 -84.55 2,871.70
Pourcentage 100% 74% 121%

Furthermore, it can be imagined that this Network Quality Measurement can be used in
Road Management Program. This method can be used easily to analyze a road network
development program: to test the development impact of different scenarios, to measure
the network performance, to measure the traffic flow performance, to measure the cost
benefit analysis of different scenarios, to develop prioritization scheme, etc. Apart from
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these analyses, this method can also be used to developed risk analysis of different possible
risk scenarios.

Connectivity Quality must be measured against an Expected Condition. This has three
quality measures, i.e. : the percentage of connected nodes, the percentage of the total road
length and the ratio of total shortest path .

4. CONCLUSIONS.

It can be concluded that the research objective has been attained. The connectivity quality
is already formulated and it is proven to be very important and useful.

The Connectivity Quality is defined as how well the nodes are connected each other. These
all are comparison of certain properties values between those of the Existing Network
compared to those of the Expected Network. A Special Matrix Method is needed to execute
the whole calculation.

The Method to Analyze the Network Quality of a Sparse Road Network can be used to handle
the road management program: calculating the improvement of network quality, to plan
the needed program, to calculate the prioritization and the risk analysis.
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