
RESEARCH ARTICLES 
 

CURRENT SCIENCE, VOL. 119, NO. 2, 25 JULY 2020 364 

*For correspondence. (e-mail: sr19@iitbbs.ac.in) 

Classification of urban bus-stop catchments for 
selecting appropriate sidewalk facility on access 
roads 
 
Subhojit Roy* and Debasis Basu 
School of Infrastructure, Indian Institute of Technology, Bhubaneswar 752 050, India 
 

This study presents a rational procedure to classify 
urban bus-stop catchments in view of selecting appro-
priate sidewalk facility on access roads to nearby bus 
stops. In the absence of such classification, ensuring 
sidewalk facility with stipulated engineering features 
and standards becomes critical. The study proposes a 
two-step procedure, where various types of road geo-
metric features of access roads are used as variables. 
The study demonstrates the application of catchment 
classification information for preparing an implemen-
tation plan of sidewalk facility in line with the availa-
ble design standards of guidelines and manuals for 
best practices. 
 
Keywords: Access road geometry, bus-stop catchment, 
classification, sidewalk facility. 
 
IN order to promote bus service as an attractive and sus-
tainable travel option1 for urban citizens in India, an im-
provement of accessibility to this service by walk-mode2 
appears to be an inevitable requirement in recent times. In 
line with this requirement, many recent policies for  
promoting city bus usage are shifting towards a new  
paradigm, where an effective integration3,4 between walk-
mode and bus service has primarily gained attention. In 
the recent past, the Government of India (GoI) empha-
sized on the above integration through many of its initia-
tives such as the Atal Mission for Rejuvenation and 
Urban Transformation5, SMART CITY6, etc. These initia-
tives specifically focused on ‘first-and-last mile’ connec-
tivity towards an overall improvement of transit-oriented 
development (TOD) in an urban area. However, a syste-
matic development of walk-oriented infrastructure or 
more specifically sidewalk facility is often neglected7, 
and therefore the likelihood of considering walk as a 
practical option8 for access mode is gradually diminishing. 
 In the context of an urban area, a bus-stop catchment 
may be defined8,9 by the geographical extent around a bus 
stop within which bus users are expected to have either of 
their trip-ends. Any such catchment is primarily consti-
tuted of access roads, which are generally used for  
accessing city bus service by walk-mode. In order to  

develop a suitable sidewalk facility within a bus-stop  
catchment, transport planners often refer to the existing 
manuals and guidelines for best practices. These guide-
lines10–13 usually mandate the provision of a specific  
pedestrian right of way (RoW), side-walk buffer, cross-
walk, kerb, ramp profiles, etc. However, in many in-
stances, it was observed14 that the implementation of ap-
propriate sidewalk facility following these guidelines 
often faced bottlenecks due to the presence of lateral 
space constraints and other implementation restrictions 
usually observed on access roads. Besides, ensuring side-
walk facility with appropriate engineering features and 
standards becomes an even more critical issue, when var-
ious types of access roads are found within a catchment 
and even across various catchments. In such a situation, 
framing of implementation plan for appropriate sidewalk 
facility becomes crucial. In order to meet this require-
ment, the classification of bus-stop catchments consisting 
of various types of access roads and running lengths  
becomes an inevitable requirement. 
 It is evident that classification of any urban bus-stop 
catchment is likely to be based upon the type of access 
road within that catchment. Therefore, before proceeding 
to classify any given catchment as an aggregate, it be-
comes necessary to prepare a classification of all possible 
types of access roads within a catchment. Any urban road 
classification system is usually represented in the form of 
a hierarchical structure12 in which the functional classifi-
cation system (FCS) is the most predominant and tradi-
tional method. However, FCS was primarily developed 
considering the movement of motorized vehicles12,15. 
Needless to mention that the requirements and characte-
ristics of any access road are usually different from those 
of motorized corridors. In light of these requirements, 
this study presents an alternative classification procedure 
for bus-stop catchments commensurate with the walk-
oriented facility needs by following a two-step procedure. 
In the first step, access roads within a catchment are clas-
sified using a hierarchical method called binary recursive 
partitioning (BRP). In this step, we consider various 
types of road geometric features of access roads as input 
variables, and thus overcome the shortcomings of the tra-
ditional FCS. In the second step, a novel catchment clas-
sification index (CCI) is proposed to be estimated, which 
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Figure 1. Bus-stop catchments along the study corridor. 
 
 

Table 1. List of bus-stop catchments along the study corridor 

Catchment  Catchment code 

Patia Square  A1 
Chandrashekharpur  A2 
Damana Square  A3 
OMFED Square  A4 
Jaydev Vihar Square  A5 
Vani Vihar Square  A6 
Saheed Nagar  A7 
Satya Nagar  A8 
Master Canteen  A9 
Rajmahal Square  A10 
 
 
measures the aggregate homogeneity of various classes of 
access roads within a catchment. These CCI values are 
then used to designate any catchment by a specific class. 
The classification information helps in preparing an over-
all implementation plan of sidewalk facility in line with 
the design standards of guidelines and manuals for best 
practices. 

Bus-stop catchments along the study corridor 
and dataset development  

In this study, we considered a major bus-service corridor 
in Bhubaneswar, Odisha, India, which passes through ma-
jor residential and various other economic/social activity 
areas such as KIIT Square, Patia, Chandrasekharpur, 
OMFED-Square, Jaydev Vihar, Vani Vihar, Master Can-

teen, Rajmahal Square, etc. (Figure 1). Major boarding 
and alighting activities usually happen along this corri-
dor, and bus passengers are mostly walk-accessed bus us-
ers, i.e. those bus users who use walk-mode to access the 
city bus service. On this corridor, an array of 10 bus-stop 
catchments were identified for the study (Figure 1). Table 
1 provides the names of these catchments and their  
assigned area codes. Several previous studies9,16–19 have 
reported that walking distance for such walk-accessed 
commuters varied between 200 and 600 m. A study con-
ducted by the Indian Institute of Technology (IIT), Bhu-
baneswar (unpublished Final Report for Housing and 
Urban Development, Government of Odisha) revealed 
that walk-accessed bus users were usually found to access 
nearby bus stops within an ambit of about 550 m. There-
fore, in the present study data collection was carried out 
within an area having a Euclidian radius equivalent to the 
above walking distance. 
 It was observed during the reconnaissance survey that 
each catchment consists of a small network of access 
roads reaching a nearby bus stop. Any such access road 
within a catchment was found to have varying geometric 
features along its running length. Figures 2 and 3 show 
the typical network of access roads within two separate 
bus-stop catchments located in Chandrashekharpur and 
Saheed Nagar area of the city. The study identified pri-
marily four types of road space constraints, viz. absence 
of pedestrian RoW, inadequate pedestrian RoW, availa-
bility of pedestrian RoW, but only on one side of the 
road, and unpaved shoulder space. However, it was also 
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Figure 2. Access roads showing geometric features of varying nature in a bus stop catchment located at Chandrashekharpur area, Bhuba-
neswar (A2 in Figure 1). 

 

 
 

Figure 3. Access roads showing geometric features of varying nature in a bus-stop catchment located at Saheed Nagar, Bhubhaneswar 
(A7 of Figure 1). 
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noticed that the type of road space constraint was not uni-
form throughout the running length of the access road. 
Due to this, each access road was segmented into a few 
short lengths in such a way that space constraint for any 
segment remained uniform throughout of its length. Each 
such uniform segment is hereafter called road link.  
 In each of the catchments, these road links were num-
bered, and their start and end locations were located using 
GPS codes. Next, the GPS information was decoded to 
obtain the length of each uniform road link. In this man-
ner, the total number of road links, usually ranging  
between 8 and 12 was observed in each of the study cat-
chments. The length of these road links varied between 
60 and 700 m. A total of 96 such road links were consi-
dered for this analysis, which totals a running length of 
about 24 km (Table 2). In line with the observations made 
in all of the study catchments, a set of road geometric  
variables was identified and used in the classification 
procedure adopted in this study (Table 3). These  
variables constitute the basic geometric consideration for 
implementation of any sidewalk facility. A primary field 
study was carried out to record site information relating 
to all of these variables and for all 96 road links. A sym-
bolic excerpt of such a dataset is shown in Table 4, which 
illustrates the geometric features of all road links in the 
bus-stop catchment located in Chandrashekharpur. 

Classification procedure 

As stated, the present study follows a two-step procedure 
involving classification of the accessed road links within 
a bus-stop catchment, and then designation of the catch-
ment by a specific class using of the above classification 
information. Each of the steps is described in the follow-
ing sub-sections. 

Classification of access road links using BRP 

BRP is a hierarchical method20, based on building a deci-
sion tree. BRP is technically called binary because any  
main node (also called parent node) is always split into 
two subsidiary nodes (also called child nodes). This me-
thod is also called recursive because it is repeated every 
time by treating each child node as a parent node for the 
next level of hierarchy. BRP proceeds iteratively by 
searching a solution of the following two decision prob-
lems – first, which variable is to be selected for node-
splitting and secondly, at what value of the aforemen-
tioned variable the node-splitting may be carried out. In 
this way, a hierarchical tree is generated, where each 
child node is classwise purer than its parent node. BRP 
essentially attempts to eradicate or minimize any ‘impuri-
ty’ in the parent node by splitting it into a set of more 
homogeneous or ‘pure’ child nodes. The splitting of 
node(s) begins at a root node. This node includes all  

observations in the dataset, and then seeks the best possi-
ble explanatory variable, say X, to split any node into two 
child nodes. In order to find the best variable, all possible 
splitting variables (called splitters) along with their poss-
ible values are examined. 
 Mathematically, at f be any impurity function, then the 
impurity of any node N is given by 
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where C is the number of child nodes at node N and 
p(X|N) is the probability of occurrence of X at node N. 
 The two possible forms for the impurity function f are 
called the Information gain and the Gini index. The 
measure of these two forms differs slightly, and previous 
empirical evidence21 showed that they nearly resulted in 
the same split point. The information gain at each node is 
given by eq. (2) below 
 
 f = –p(X|N) log p(X|N). (2) 
 
This function is estimated twice–once before and once af-
ter splitting of any parent node. Their difference is then 
estimated in order to derive a measure called entropy (eq. 
(3)) which is a measure of the ‘disorder’ or variability in 
the dataset22. The lesser the entropy after node-splitting, 
or alternatively, more is the change in entropy, lesser is 
the variability in the dataset and therefore, more is the 
homogeneity. 
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The other impurity function, i.e. the Gini index is a 
measure of how often a randomly chosen variable could 
incorrectly be identified21 during node-splitting. In the 
process, BRP chooses a variable during node-splitting in  
 
 

Table 2. Description of access road links in bus stop catchment 

 
Catchment 
code 

No. of 
access road 

links 

Maximum 
link length 

(m) 

Minimum 
link length 

(m) 

 
Total link 
length (m) 

A1  8 640 270 3510 
A2  9 700 150 2576 
A3  12 400 75 2375 
A4  12 400 130 3440 
A5  10 700 150 3095 
A6  9 400 60 1351 
A7  8 700 150 2426 
A8  11 410 96 1947 
A9  8 410 106 1467 
A10  9 300 102 1680 

Total  96 700 60 23,867 
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Table 3. Variables for model estimation 

Variable  Symbol Data type Description 

Link length  L Quantitative and continuous Length of the road section 
Total available RoW  TRoW Quantitative and continuous  Value of total available width 
Carriageway width  CW Quantitative and continuous  Value of available width for vehicles only 
Pedestrian RoW  PRoW Quantitative and continuous  RoW available for pedestrians 
Shoulder width  SW Quantitative and continuous  Width on the left, right, inside, and outside shoulders 
Median width  MW Quantitative and continuous Median width (otherwise 0, if median is not available) 
Shoulder type  ST Qualitative and dummy  Dummy coded variables for type of shoulder (whether paved/ 

 unpaved, earth) 
Row, Right-of-way. 
 
 

Table 4. A typical database developed for each catchment 

 
Catchment  

 
Link# 

 
L (m) 

 
ST 

PRoW (m) 
(right) 

PRoW (m) 
(left) 

 
CW (m) 

 
MW (m) 

 
TRoW (m) 

Chandrashekharpur  
 (area code: A2)  

1 170 Unpaved shoulder  1.60 2.10 6.40 0.35 10.45 

  2 300 Unpaved shoulder 3.00 2.10 6.00 0.35 11.45 
  3 150 Unpaved shoulder 3.20 2.80 6.40 0.30 12.7 
  4 161 Unpaved shoulder 2.40 1.80 5.50 0.18 9.88 
  5 150 Unpaved shoulder 2.00 1.75 7.00 0.33 11.08 
  6 700 Unpaved shoulder  2.00 0.90 7.20 0.00 10.1 
  7 350 Block type  1.30 1.40 9.00 0.00 11.7 
  8 445 Concrete  2.60 2.60 5.20 0.00 10.4 
 
 
such a manner that it results in the lowest Gini Index. 
This index is given by 
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The present study employs BRP in order to identify any 
geometric variable (as referred in Table 3) of a road  
link at its optimum splitting node by maximizing  
the change in entropy or minimizing the Gini index. In 
this regard, numerical methods are employed to optimize 
the above two parameters as mentioned in eqs (3) and (4). 
In this manner, the application of BRP results in a hie-
rarchy structured classification tree for all the access road 
links. 

Classification of catchments 

The application of BRP results in the formation of a hie-
rarchical tree of access road links containing one root 
node, and several other internal and terminal nodes. The 
terminal nodes of the lowermost hierarchical level were 
examined in order to designate the access road links by  
a specific class. Now in order to designate a catchment by 
a specific class, the various classes of access road links 
were first assigned with numerical scores. That is, if a 
score si is assigned to the ith class access road link, then 
this assigned score is used to estimate CCI. The CCI val-
ues for any given catchment are estimated using the 

weighted mean score (eq. (5)) of all road links located 
within that catchment. In this regard, the running lengths 
(L, Table 3) of road links are taken as weights. If Li is the 
length for the ith class of road link, then the CCI value of 
any catchment, say k, is expressed as given below. 
 

 CCI ,
i i

i
k

i
i

s L

L

×
=
∑
∑

  

     i ∈ {all road links within catchment k}. (5) 
 
The above CCI value is then rounded-off to the nearest 
whole number. This value may be considered as a meas-
ure of the aggregate homogeneity of access road links 
within a given catchment. The above estimated index 
value (rounded-off) is then cross-referred with the same 
numerical scores that have been previously assigned to 
the access road links. That is, if the CCI value of any cat-
chment is estimated to be si, then that catchment may be 
designated as the ith class. Figure 4 is a flow chart of the 
overall procedure of classification. 

Results and discussion 

As described in the previous section (and also illustrated 
in Figure 4), the designation of any catchment by a spe-
cific class was carried out using the observed datasets in 
Bhubaneswar.  
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Figure 4. Flow chart of the procedure. 
 
 

 
 

Figure 5. Hierarchical tree of access road links. 
 
Classification of access road links 

Figure 5 shows the hierarchical tree estimated for the 
access road links. The tree comprises of a total of 19 
nodes, of which nine are internal (shaded in white, Figure 

5) and the remaining 10 nodes are terminal (shaded in 
grey, Figure 5). The classification starts from the root 
node representing a set of all access road links used in the 
study. The first hierarchical level is represented by the 
variable TRoW (Table 2), which results in two child 
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nodes or classes; one with TRoW < 4.0 m and the other 
with TRoW ≥ 4.0 m. In the second hierarchical level the 
variable is PRoW (refer Table 2). This hierarchical level 
is observed only for those road links whose TRoW < 
4.0 m, but not for TRoW ≥ 4.0 m. At this hierarchical 
level, one of the terminal nodes is found to occur for the 
case of road links having no available-PRoW. The other 
node at this level, i.e. road links having available-PRoW 
is found to be further split into the third hierarchical level 
by generating two nodes, viz. PRoW is available only on 
one side of the road link, and PRoW is available on both 
sides of the road link. Each of the two nodes is again 
found to be split into the fourth hierarchical level describ-
ing the shoulder type (ST). In a similar way, it is ob-
served that the node at the second hierarchical level 
representing TRoW ≥ 4.0 m, can be directly split into this 
fourth hierarchical level. At this level, the terminal nodes 
are encountered for all those cases where road links have 
paved shoulder as their shoulder type. The rest of the in-
ternal nodes, i.e. road links with unpaved shoulder are 
split into the fifth hierarchical level describing the vari-
ous ranges of PRoW values for various classes of road 
links. At this level, the hierarchical tree is found to termi-
nate, and thus reveals a total of six classes for all access 
road links under consideration. It may be mentioned that 
during estimation of the above hierarchical tree, the  
variables CW, MW and SW (Table 3) were not found as 
the optimum splitting nodes, and hence they do not  
reflect in any of the hierarchical levels (Figure 5). 
 The hierarchical tree generated in the study is found to 
be suitable as represented by the acceptable23,24 values of 
Gini index (0.174) and Entropy (0.217) (Table 5). It can 
be observed in the hierarchical tree that PRoW values are 
in the form of unbounded inequalities. In the cases where 
only the lower-bound PRoW values are identified, the 
upper-bound PRoW values will then be restricted by the 
value of TRoW as observed in the second hierarchical 
level. In this way, the ranges of PRoW values for each of 
the classes are defined, and then they are designated by 
appropriate nomenclature say A, B, C, D, E and F (Table 
6). It may be mentioned that the above nomenclature of 
classes does not convey any sense of superiority or  
designate any order of preference to a particular class. 
Table 7 reveals the number of access road links falling 
under the aforementioned classes in each of the catch-
ments. The results show that majority of the road links  
 
 
Table 5. Statistical indices showing goodness-of-fit of the hierarchical  
  tree 

Parameters  Value 

Gini index  0.174 
Information gain before split  0.891 
Information gain after split  0.674 
Entropy  0.217 
 

fall under class B (27%) and class D (24%). The percen-
tage share of class A and class C road links is also quite 
significant, i.e. about 17 and 20 respectively. However, 
the presence of class E and class F road links is found to 
be less, i.e. about 8% and 4% respectively. After classifi-
cation of the road links, we proceeded to designate vari-
ous catchments by specific classes using the CCI values. 

Classification of bus-stop catchments  

In order to designate a catchment by a specific class,  
various classes of access road links were assigned with  
numerical scores (Table 8). The CCI values were then  
estimated for each of the catchments using eq. (5). Table 
9 and Figure 6 show the classification of bus-stop catch-
ments. They reveal that eight (all but A6 and A8) out of 
the ten catchments fall under either class C or class D. 
This implies that all these eight catchments have access 
roads with TRoW < 4.0 m and pedestrian RoW 247 on 
both sides with unpaved shoulder. Three of these eight 
catchments, viz. A1, A3 and A7 have pedestrian 
RoW < 2.0 m and the remaining five catchments, viz. A2, 
A4, A5, A9 and A10 have pedestrian RoW ranging be-
tween 2.0 and 4.0 m. Two other catchments, viz. A6 and 
A8 fall under class B. These two catchments have 
TRoW > 4.0 m, with pedestrian RoW only on one side of 
the road links and PRoW values ranging between 1.4 and 
4.0 m. The study does not reveal any catchment of classes  
 
 

 
 
Figure 6. Various catchment classes observed along the study  
corridor. 
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Table 6. Classification of access road links and their descriptions 

Description of class  

Main hierarchical node  Terminal node Designated class 

TRoW < 4.0 m and PRoW on one sides having unpaved shoulder PRoW < 1.4 m  A 
TRoW < 4.0 m and PRoW on one sides having unpaved shoulder 1.4 m < PRoW < 4.0 m  B 
TRoW < 4.0 m and PRoW on both sides having unpaved shoulder PRoW < 2.0 m  C 
TRoW < 4.0 m and PRoW on both sides having unpaved shoulder 2.0 m < PRoW < 4.0 m  D 
TRoW ≥ 4.0 m and PRoW on both sides  PRoW < 3.0 m  E 
TRoW ≥ 4.0 m and PRoW on both sides  3.0 m ≤ PRoW < TRoW  F 
 
 

Table 7. Access road link counts of various classes 

 Number of road links observed in each class Area-wise observation 

Area code  A B C D E F Total % observation 

A1  0  1  1  3  2  1  8  8.33 
A2  0  3  1  5  0  0  9  9.38 
A3  0  4  2  2  3  1  12  12.50 
A4  0 3 2 4 0 2 12 12.50 
A5  2  1  3  3  1  0  10  10.42 
A6  3  4  1  1  0  0  9  9.38 
A7  2  3  2  1  0  0  8  8.33 
A8  4  5  2  0  0  0  11  11.45 
A9  2  1  3  1  1  0  8  8.33 
A10  3  1  2  2  1  0  9  9.38 

Class-wise observation         
Total  16  26  19  23  8  4  96  
% Observation  16.67  27.10  19.77  23.96  8.33 4.17   100 

 
 
Table 8. Numerical score structure used for the classification of bus- 
  stop catchments 

Class  Numerical score 

A  1 
B  2 
C  3 
D  4 
E  5 
F  6 
 
 

Table 9. Classification of bus-stop catchments 

Area code  CCI CCI (rounded-off) Class 

A1  3.40 3 C 
A2  4.10 4 D 
A3  3.22 3 C 
A4  3.83 4 D 
A5  3.78 4 D 
A6  2.15 2 B 
A7  3.42 3 C 
A8  2.32 2 B 
A9  4.36 4 D 
A10  4.39 4 D 
CCI, Catchment classification index. 
 
 
A, E and F. The classification information of catchments 
is expected to help transportation planners select the  
appropriate type of pedestrian-oriented infrastructure 

commensurate with the available road geometry of any 
given catchment. 

Application of results for selecting appropriate 
sidewalk facility  

The classification of bus-stop catchments can be used as 
an input in the selection of appropriate sidewalk facility 
on access roads within a bus-stop catchment commensu-
rate with the available design standards of guidelines and 
manuals for best practices. In the urban setting of any  
developed and developing country, the design stan-
dards13,25,26 recommend that minimum width of a side-
walk be 1.80 m. However, the Indian Roads Congress13 
stipulates that cases where the above minimum specifica-
tion cannot be met, a provision of at least 1.50 m side-
walk needs to be introduced. In view of this design 
stipulation, the constraints of lateral space usually obser-
ved on access roads within a bus stop catchment in mid-
sized urban areas pose a bottleneck for implementing a 
suitable sidewalk. In such a situation, this study may help 
in selecting appropriate type of sidewalk facility and its 
alignment in various classes of catchments. 
 It is observed that the catchments of class A have 
PRoW available only on one side, implying that the side-
walk could only be aligned on one side of the road. As the 
maximum value of PRoW for such class of catchments is 
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Table 10. Implementation plan of sidewalk facility for different catchment classes 

  Sidewalk implementation plan 

Catchment class  Availability of PRoW Alignment Type of sidewalk 

A  PRoW  < 1.4 m and available on one  
 side of the access road 

One side of the access road  Marked sidewalk 

B  1.4 m < PRoW < 4.0 m and available on 
 one side of the access road 

One side of the access road  Marked sidewalk, if 1.40 m ≤ PRoW < 1.50 m; 
 raised sidewalk, if 1.50 m ≤ PRoW < 4.00 m 

C  PRoW < 2.0 m and available on both  
 sides of the access road  

Both sides of the access road  Marked sidewalk, if PRoW < 1.50 m; raised  
 sidewalk, if 1.50 m ≤ PRoW < 2.00 m 

D  2.0 m < PRoW < 4.0 m and available on 
 both sides of the access road 

Both sides of the access road  Raised sidewalk 

E  PRoW < 3.0 m and available on both  
 sides of the access road 

Both sides of the access road  Marked sidewalk, if PRoW < 1.50 m; raised  
 sidewalk, if 1.50 m ≤ PRoW < 3.00 m 

F 3.0 m ≤ PRoW < TRoW and available  
 on both sides of the access road 

Both sides of the access road  Raised sidewalk 

 
bracketed at 1.40 m, therefore, a raised sidewalk cannot 
be recommended here. In such cases, a marked sidewalk 
(as per DoIT, Taipei City Government, 2012) may be 
recommended. Similar to the above, the sidewalk can  
also be aligned on one side of the access road for catch-
ments of class B. Moreover, the PRoW value could lie 
between 1.40 and 4.0 m. Therefore, the marked sidewalk 
can be recommended in those cases where the PRoW val-
ue lies between 1.40 and 1.50 m, and raised sidewalk in 
those cases where the PRoW value lies between 1.50 and 
4.0 m. The same philosophy is employed in order to de-
cide appropriate type of sidewalk facility for catchments 
of class C and class E, but the alignment of facility will 
be on both sides of the access road. On the other hand, in 
the catchments of class D and class F, the raised sidewalk 
could be introduced without any lateral restrictions. Table 
10 summarizes the overall implementation plan of side-
walk facility commensurate with the design standards13 
for the urban Indian context. It may be mentioned that the 
present study identifies a strategy for implementation of 
appropriate type of sidewalk facility by considering its 
various engineering features such as width, alignment and 
type of segregation. As mentioned, these engineering  
aspects are the basic needs for implementation of any  
sidewalk facility, and therefore should invariably be con-
sidered for all types of pedestrian purposes, including 
walk-accessed bus users. Although the implementation 
plan as prescribed in Table 10 refers to a typical example 
for an urban India context, the same approach may be 
adopted for similar implementation plans in urban areas 
of other countries commensurate with their design guide-
lines and manuals for best practices. Otherwise, the  
implementation plan as prescribed in Table 10 may be 
followed. It may be mentioned that the results of the 
present study could be beneficial not only for the walk-
accessed bus users, but also for other pedestrians. 

Summary and conclusion 

In India, the systematic development of sidewalk facility, 
especially on access roads, is often neglected. In addition, 

the implementation plan of sidewalk facility on such 
access roads more often suffers due to the bottleneck of 
lateral space constrains and absence of implementation 
guidelines under such constraints. In order to overcome 
such deficiency, a systematic classification of bus-stop 
catchments commensurate with the existing road geome-
tries of access roads is found inevitable. The present 
study addresses this research gap, and develops a rational 
procedure to designate a bus-stop catchment with a spe-
cific class. The classification procedure works in two 
steps. In the first step, access road links within a catch-
ment are classified using a hierarchical method BRP. In 
the second step, CCI is proposed for measuring the  
aggregate homogeneity of various classes of access road 
links within a catchment. The CCI values are used to  
designate any catchment by a specific class. 
 This study has identified a total of six different classes 
of bus stop catchments based on the lateral space con-
straints. It prescribes the implementation plan of appro-
priate sidewalk facility for various classes of catchment 
types in commensurate with the Indian design stan-
dards13. These implementation strategies are mainly iden-
tified by considering various engineering features such as 
width, alignment and type of segregation. These aspects 
are the basic need for implementation of any sidewalk  
facility, and therefore should invariably be considered  
for all types of pedestrian purposes, including walk-
accessed bus users. The implementation plan as demon-
strated in this study refers to a typical example for an  
urban India context. The demonstrated approach may be 
adopted to prepare similar implementation plans for  
urban areas of other countries commensurate with their 
design guidelines and manual for best practices. It may be 
mentioned that the results of the present study could  
be beneficial not only for the walk-accessed bus users, but 
also for other pedestrians. As an alternative direction of 
current research, pedestrian-behavioural responses may be 
considered in order to identify the appropriate interven-
tion areas for improvement of any given pedestrian envi-
ronment. 
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