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ABSTRACT 
This paper discusses about the traffic conditions in and around Christian Medical College, Vellore and also the development of 
different routes around the hospital. The main aim of the survey was to analyze the traffic conditions and contributing 
problems around the hospital area and delay in the timing of ambulances to reach its destination. An unconventional approach 
was developed to calculate the approximate delay and main obstructions on the path traversed. An origin and a destination 
were identified using Google Maps and a network was created involving different intermediate and alternative routes. Speed 
and Delay studies along with small scale traffic volume survey were done to identify the delay causing elements. These 
elements were a general reflection of the psychological and social characteristics of the population around the institute. 
Measures were suggested to reduce these delays on whole so as to minimize the risk of deaths inside the ambulances. 
Keywords: Urbanization, Traffic volume, Speed and Delay studies, Ambulances, Safety. 

1.INTRODUCTION 
Ambulances play a key role in reaching hospitals in time and consequently minimizing the fatalities which causes’ 
deaths. Due to heavy traffic congestion, the delay causes in reaching the nearby hospital is becoming difficult for 
ambulances. In future, ambulance should not become a delivery van for a dead body. Hence, it is a need of the hour to 
study traffic congestion issues related to ambulances. 
Christian Medical College (CMC), Vellore city, Tamilnadu is selected as a study area. CMC is one of the most 
prominent medical destinations in India. It caters to a large no of patients as well as no of emergency services. It was 
established in 1900 and has been operational since [7]. It has been consistently ranked as one of the top three Medical 
Institutes in India [4]. To achieve this excellence of emergency services is a must. CMC hospital is in the heart of the 
City of Vellore and hence most nearest option for all the major accident sites. But as different patients from different 
parts of India are coming to CMC for treatment population density of the area is abnormally high. This result in more 
amount of congestion which results in delays and this may result in chaos, traffic, accidents etc. 

 
Figure 1: Satellite image of Christian Medical College, Vellore and surroundings Source: Google Maps 
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The time taken by paramedic services sent through CMC is relies on experience and ingenuity of the driver. It depends 
on the driver to take the most optimum path and consider all time lags before reaching the accident site. But as the 
population demography and traffic conditions have been changing rapidly the experience of drivers cannot be fully 
trusted in choosing the path. One may say Google maps present the solution with ease but they give the path from start 
till the end without considering present conditions of the road, traffic at intersections, behavior of general drivers etc. In 
a city like Vellore, where there is low ambulance to population ratio, responsibilities increase [9]. Even with the 
beaming records of CMC district of Vellore lags behind in all the fronts if other districts of Tamilnadu are considered 
[9]. For example, if we take the case of deliveries percentage of deliveries done in home is more than 20 other districts 
of Tamilnadu [9]. The most important factor that is often neglected but shouldn’t be is time or the distance i.e. the path 
to be followed to reach to accident scene in the shortest time, after all this small conversion from to displacement is 
responsible for somebody’s life. This lightens the path which goes straight to the study of traffic, which includes traffic 
volume survey, origin destination survey and development of an alternative route. A new mathematical approach is 
required to overshadow the cons of traditional or existing method. 

2.THEORY BEHIND THE STUDY 
Majorly three step included in the present study which includes traffic volume survey, network development and speed-
delay survey. 
2.1Traffic Volume Survey 

Traffic Volume survey is to be done before the start of any study related to traffic engineering. It is conducted during 
peak hours specially the office hours. Two methods recognized for traffic volume survey are Automatic Recorders and 
Manual Counting [5]. For general purposes Manual Counting is used which counting vehicles belonging to each 
category. The survey is used to analyze the traffic trend. Importance of road can be established and problems occurring 
in the region can be identified and analyzed.  
2.2. Network Development 

A network is developed after duly considering all the possible routes joining the source location and the end point. 
Different routes can be obtained by studying maps of the area. Technological advancements have made these studies 
easier. Nowadays one can simply find these routes using Google Maps. By establishing intermediate points one can 
easily create a network by joining these points. 
2.3. Speed and Delays Survey 

In this Survey, two points are marked as origin and destination points and the fluctuation in speed of the traffic between 
these two points are recorded [5]. We are able to find the delay in time experienced by the vehicle in a traffic flow. The 
survey for a larger area is done economically by actual riding test [5]. Photographic techniques or mechanical recorders 
fixed at elevated points may be employed as well which may prove efficient but expensive. It helps us to develop road 
network effectively and to increase the efficiency of the highway. 

3.LITERATURE REVIEW 
Articles in daily journal were a motivation behind the project [8]. The methodology was developed after thorough 
review of several scientific papers. Similar studies in the city of Nagpur [11] and Vishakhapatnam [10] were important 
in the development of methodology. Another noteworthy point in methodology, the conversion of timing of one 
vehicle’s timing into another was adopted from another scientific paper from Florida [1]. The concernment of traffic 
studies in the case of emergency services or paramedic service to be precise was conceived by one such study in the city 
of Thanjavur [3] and Dehradun [2]. 

4.METHODOLOGY 
Traffic volume surveys were conducted to identifying the existing conditions of the links and identifying the problems 
facing by the users. Furthermore, this survey also useful for analyzing the parameters like peak hour, pedestrian 
behavior type and number of peak hour ambulances. 
Next step is to design the network. Network design includes two steps. First step is to identification of origin (hospital) 
and destination (accident spot). Next step is to identify various intermediate points and different routes to reach the 
destinations. This was done with the help of Google maps [6]. Further, travel time on these routes was found by 
personally travelling in these routes simultaneously at the same time period. Same process was repeated while returning 
to the origin (hospital). The survey was conducted by considering auto-rickshaw (three wheeler) in the place of 
ambulances as a mode of travel. This new technique avoids the usage of real time ambulances in the study. The 
obtained timings (t) for a three wheeler are converted to the timings of the ambulance (T) using the suitable equations. 
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Obtained results were tabulated and the network was complete with milestones, intermediate routes and corresponding 
time taken to travel these distances were noted. 
After identifying routes to reach origin and destinations, Speed and Delay studies were conducted on these routes [5]. 
From the videos obtained by the speed and delay survey, a relationship between the space mean speeds of ambulances 
and auto-rickshaw was obtained. For an easier approach, time taken by the ambulances to cover a frame and time taken 
by the nearby auto-rickshaws to cover the same distance are related using an arbitrary constant [1]. This is done by 
calculating time taken by the ambulance to cover the same distance in screen as covered by the three wheelers. Formula 
used is 

T = a*t 
Where, 
T = Time taken by the ambulance to cross the frame 
t = Time taken by the three wheeler to cross the frame 
Different equations were formed and tabulated in Table 2. Most frequently occurring result was chosen as the equation 
to be used in further studies.  
The speed and delay survey was used to determine possible critical path and to analyze various intermediate paths. The 
solution was given already by Google maps but without paying attention to road conditions, traffic and delays at 
intersection [6]. Hence, Optimum path was found using simple arithmetic operations by adding time taken to complete 
each intermediate path. Intermediate paths were analyzed independently. Further, time taken by the auto rickshaw to 
cover the distance was converted to the time ambulance would take covering the same distance. It was done by using 
the same technique which was used in the case of ambulances. Difference between time obtained in Google map [6] and 
the time obtained manually are found and traffic conditions were roughly estimated. If a route shows longer time to be 
travelled upon in both maps and survey but its traffic conditions are worse than the alternate route, measures are 
suggested to develop this alternate route.  The delays were found out and intermediate paths which lead to interruption 
in the whole network are found out. Different remedies were suggested to minimize the delays. This will lead to the 
formation of a new path which increases the performance of emergency services. 
Above studies and surveys were used to develop a comprehensive program which is suggested to be incorporated into 
hospital’s regular surveys to assist the ambulance drivers so that they are able to combat ever growing traffic problems. 

5. DATA COLLECTION AND ANALYSIS 
First step in the data collection process is to find the traffic volume in the selected routes. Routes in the vicinity of CMC 
hospital, Vellore is collected from Google Maps. A satellite map was studied and primary routes were identified.  Site 
reconnaissance was done a day before the main survey and proper points were determined to set up the high end 
cameras. 
A small scale traffic volume survey was conducted at two different sites. First route was identified in front of main gate 
of CMC hospital, between the points12°55'27.2"N 79°08'10.4"Eand 12°55'26.9"N 79°08'08.9"E. Second was in front 
of Gate NoII of CMC hospital, between the points 12°55'32.2"N 79°08'00.2"Eand 12°55'30.6"N 79°08'00.3"Ecovering 
lengths of 40m and 60 for points 1 and 2 respectively6. Video cameras were installed at appropriate places covering the 
whole study area. The study was conducted on September 9 between 9:30 am to 1:30 pm. Traffic volumes observed 
from the study is given in Table 1. 

Table 1 Small Scale Traffic Volume Studies in front of Main gate (Gate 1) and Side Gate of CMC, Vellore 
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Using the data obtained various parameters were available to ponder upon. Peak time was identified and traffic 
problems were visualized. Ambulances were found to be seriously delayed due to congestion. It may be noted that no. of 
two wheelers were extremely high during the study period. Reckless driving was the primary cause of unabated traffic 
jams. Also various accidents occurred during the study period.  
Next step in the study is to analyze the data belongs to speed and delay study. The time taken by the ambulances 
through the frame and time of auto rickshaw (Three wheelers) and four wheeler vehicles of suitable class crossing the 
same frame are calculated and tabulated (Table 2). From the table a conversion factor is obtained which is to be used in 
further studies. This conversion factor provides us with a generalized idea time taken most probable time relation is 
established which is to be used for network analysis.  
Path is identified using Google maps [6] between 1(12°55'25.9"N 79°07'51.4"E) near CMC and 9(12°55'43.6"N 
79°09'06.9"E) at District Administrative Office. Milestones were identified at different intersection. The process is 
displayed in fig 2. 

Table 2 Conversion Factor for ambulances 

 

 
Fig2: Showing time traversed to travel through different paths to reach district administrative office, Vellore from 

Christian Medical College, Vellore ;( Source: Google Maps) 
 

Speed and Delay studies [5] were conducted on these routes using three different three wheelers starting from same 
source directed towards same destination. Time taken to travel through different intermediate paths was noted down 
using stopwatches and split timings were calculated whenever a milestone arrived. Different routes taken and time 
taken to travel through different intermediate paths was tabulated (table 3) for further reference. For example, route 1 
includes 123689. Similarly route 2 included 12459 and route 3 included 1236759. 
Using this data a network was developed as shown in Fig 2. 
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Table 3 Speed and Delay studies and possible time lags between timing shown by Google Maps and actual studies 

 

 
The last step in the analysis is to find the optimum route. Based on the travel times calculated in the above table, we 
need to select route with minimum travel time. This is done by adding individual timings of different intermediate 
routes. This is compared with the timings obtained using Google maps and alternative path that can be developed was 
found out (Table 3)  

Table 4 Conversion Factor for Four Wheelers 

 
Possible intermediate routes that are causing delays were identified in Table 3. Time taken by the ambulance to travel 
through these routes can be optimized easily by slight measures. From Table 3, it is evident that Route 1 shows the least 
amount of time lag between the timing obtained from studies and converted timings as shown in Google maps. Hence 
traffic condition on this route is slightly uniform throughout the months and can serve as an alternate route as opposed 
to the one given by Google maps6.  

6. RESULTS AND SUGGESTIVE MEASURES 
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Fig3: Showing 3 different locations where parked asymmetrically creating congestion in front of main entrance of 

CMC, Vellore-632004 
A no parking signal should be introduced if not for the whole route then in front of main entrance. An Off-street 
Parking can be created on an adjacent street which can be closed to accommodate the vehicles [5]. Such a street can be 
identified by performing different traffic volume surveys and parking surveys on adjacent streets and the lane with least 
traffic density can be used as a regularized parking [5]. On intermediate route 24 many problems were found out. But 
longest delay was caused on the CMC out gate or Gate no. 2 

 
Fig 4: Side gate of CMC, Vellore showing 1) Proposed site for installation of a traffic signal to minimize the chaos 

caused at the exit gate; and 2) Proposed point of diversion for ambulance 
 
The traffic caused at the intersection shown at point1 in fig 4 can be minimized using a traffic signal. The traffic signal 
will provide systematic movement of traffic which is efficient when compared to manual control. It will ensure a safe 
crossing for pedestrians and will reduce accidents mainly right angle collisions.  
Some concerns may be raised over design and location of the signal, which may hinder the movement of ambulances by 
creating small jams. To rectify this, a diversion of 7m in length at the point 2, shown in figure 4, about 45-50m from 
the signal is proposed. As it is a two lane road the diversion can only be used by an ambulance.  
Psychological factors are needed to be considered. As we can see from figure 5 ambulance is not getting enough space 
to overtake the vehicle. Hence, for creating awareness among the people billboards should be placed at strategic 
location to make people understand about the basic rule of traffic of providing overtaking space to the ambulance 
passing by. In the present case study all the milestones can serve as these strategic locations.  
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Fig 5: Showing inability of ambulances to move through the traffic as it is not provided with enough overtaking space 

by the vehicle in front. 

7. CONCLUSIONS AND LIMITATIONS  
From the studies it can be concluded that there is an urgent need of revamp of present Emergency services. In cities like 
Vellore where population is large comparable to other districts, different kind traffic related problems arises every day. 
Same goes for other non metropolitan cities which are blessed with great medical centers but doesn’t have adequate 
amount of infrastructure to accommodate this much amount of congestion. Hence the methodology described in this 
study provides a cheap and easy source of information to facilitate the ambulance drivers and other people working 
behind them. In developing countries like India small scale traffic volume survey as used in the program provides a 
basic general idea of the problems in a region and also they have to suffer due to constantly differing conditions. A 
simple traffic volume study may not provide a no. of major parameters but general description of problems with 
conclusive evidence is acceptable. Speed and delay studies may provide us with the present traffic conditions which 
may put a check on our hospital’s over-reliance on driver’s experience and provide us with a dynamic traffic data 
which can be put to use to enhance the efficiency of the system.  
Usage of these kinds of studies regularly is a hectic process. Rather than modern technology it requires labor and time. 
In developing countries these studies are useful where spatial data may not be available readily. As proved in the case 
study Christian Medical College there is a possibility of development of various alternative routes to cut short the time 
taken by the ambulances to reach the accident site and return back to the hospital.  In the present survey some 
limitations are present which needs consideration. Traffic volume surveys were conducted for a small period of time to 
give a rough estimate of the problems. Parameters obtained from it are not involved in any type of development of the 
network. Moreover, timings of the ambulances were not calculated directly as the use of ambulances for performing 
speed and delays studies were not a viable option. Last but not the least; though these program are beneficial up to a 
great extent, implementation of these programs is a difficult task.  
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