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Abstract- This research paper particularly provides an 

overview of the operation of navigation software, 

particularly Google Maps. Firstly, the paper discusses 

the working of the Google maps with respect to 

operations research and elaborates on the algorithms 

used by Google Maps to find the optimal, time-saving 

for the user. 3 distinct routing algorithms are discussed 

that could potentially be used in navigation software. 

Secondly, the paper discusses the use of navigation 

software in different industries, and the mechanism 

used by businesses to increase efficiency. Finally, the 

paper discusses the limitations of the use of Google 

Maps in logistics, and elaborates on the reasons due to 

which many businesses choose not to utilise the 

software. 

 

Index terms- Navigation Systems, Google Maps, 

Logistics, Routing Algorithms, Optimal Routes 

 

INTRODUCTION 

 

There are millions around the world that cannot 

imagine their daily commute without the use of a 

navigation system. There is one name in this field 

that stands out above the rest; Google Maps. After 

their popular #LookBeforeYouLeave campaign, most 

people actually check traffic, and optimal routes on 

Google Maps before their commute. Even though 

there is a plethora of features that Google has slowly 

been adding to the mobile app via constant updates, 

the company is looking to constantly improve its 

software. Google maps has had a big impact on how 

people plan their trips and daily travel. Over 77% of 

smartphone users use navigation apps and 67% of 

them use Google maps because of the features such 

as shortest routes for bicycles, people on foot. 

Location is an important aspect to be taken into 

consideration during the launch of a brand as it is a 

key factor in determining the success or failure of the 

business. Google Maps is important as it helps with 

finding the demographic data of a particular area. 

Analysis based on a particular location helps 

companies understand population based on age, 

income, literacy rates and so on. Location Analytics 

along with Google Maps for a business can be used 

in applications which were earlier only based on 

speculation. 

This research has been carried out for the purpose of 

helping the reader understand the working of Google 

Maps and explanation of how the algorithm works in 

finding the best route possible for its users and to find 

out how it can be used for logistics. This research 

also covers and elaborates on the shortfalls that 

Google Maps faces in its application in logistics and 

normal usage. 

OVERVIEW 

 

1. About and latest trends: 

Google Maps is the clear leader when it comes to 

navigation apps. In fact, more than two thirds or 67% 

percent of respondents say they use it more 

frequently than other options. The report says Google 

Maps is 6 times more popular than the next most 

used navigation app, Waze. Also owned by Google, 

the app has an adoption rate of only 12% among 

respondents. Apple Maps is third in line with an 11% 

adoption rate and MapQuest comes in fourth with 

8%. (Guta, 2018)  
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Of late, Google has been experimenting with its new 

“Off-Route” feature for Maps, exclusively in India. 

This feature will alert users if car or taxi deviates 

from its route by more than 500 metres. This feature 

can be found within the “Stay Safer” menu which is 

accessible after the user has selected their destination 

but before they enter the navigation mode. The 

feature will not only make it safe for the users but 

also prevents the chances of getting tricked while 

travelling to unfamiliar places in the city. In a more 

significant development, Google Maps allows users 

to see live train statuses and bus travel times for 10 of 

the largest cities in India and also commute 

suggestions for rickshaws and public transport. 

(IANS, 2019) 

 

2. Extrusive application of Google maps: 

Google maps has played a vital role in various 

industries.  

 

Supply Chain and Logistics: 

 Transport scheduling - Distribution end vehicle 

routing and delivery, International logistics 

planning – These include decisions of vehicle 

routing, dispatch scheduling, routing for an 

origin-destination pair, selecting transport modes 

and service providers. 

 

FMCG and Retail:  

 Distribution network design and expansion, 

Transport scheduling and  

 Distribution planning 

 Government / Policy and Infrastructure: logistics 

allocation, transportation and inventory planning 

and GIS based spatial planning for key sectors. 

 

Direct users: 

 Route optimization and transport scheduling 

(Labs) 

 

3. Operation Research in Routing: 

One of the most intriguing areas of operation 

research is routing, in which the goal is to find 

efficient paths for transporting items through a 

complex network. Routing problems have two main 

constitutes i.e. node-routing problems and arc-routing 

problems. Google team gather data through moving 

around the world in vehicles equipped with cameras. 

Google map’s problem is to construct the shortest 

route for each vehicle that wants to travel from one 

location to another. So, in arc-routing the arcs 

represent streets, and nodes are the intersections, 

which is used by google every day to find the 

smallest route to the destination. 

On the other hand, in node-routing problem the 

locations are represented by nodes and arc becomes 

the route between them. Each arc has a weight, 

corresponding to the cost of traveling, traffic and 

other constraints. The problem therefore becomes the 

path in the graph that includes every destination 

while minimizing the total cost. (Google) 

 

RESEARCH OBJECTIVES 

 

1. To understand the working of Google Maps. 

2. To elaborate on the various algorithms used in 

Google Maps. 

3. To find why Google Maps is not used in 

logistics.  

4. To discuss the shortfalls in Google Maps. 

 

RESEARCH METHODOLOGY 

 

In this paper, we have primarily used secondary 

research. Due to the time and resource constraints, 

primary research would be infeasible. Through 

evaluation of several sources, we have explained 

various algorithms possible used in Google Maps, 

their benefits and limitations, and other general uses 

and implications of navigation software. Following 

are the sources of secondary research: 

 Previous published Research Papers 

 Articles 

 Blogs 

 Youtube Videos 

 Developer Web Pages 

 

LITERATURE REVIEW 

 

Google Maps is based on the routes and roads from 

the place of origin to the destination. For this it 

requires ground data to find the optimal route. 

Google Maps not only documents the roads and 

highways but also gathers real time data through 

patrolling each and every street, neighborhood, 

residential complex and focuses on every minute 
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detail and gathers detailed digital images through the 

use of cars, motorboats or snowmobiles through 

every possible street or alleyway and collect 360 

degree images of the same. These images are 

eventually plotted as the base map through GPS 

coordinates, which eventually appears in Google 

Street View.Google being a private corporation, 

cannot access all the roads and gather data. Thus to 

make its geological maps, Google depends on its 

Base Map Partner Program, which collects data from 

various credible sources such as national, 

state/provincial, non-profit, local governments, 

business organisations and educational institutions. 

Private companies and third party organisations still 

remain a huge part in providing Google satellite 

images to construct the entire map. The satellite 

images in Google Maps are via the collaboration with 

Google Earth, which in turn has obtained its data 

from 3rd party satellites and stitched into what we see 

on the internet. These images are then referenced 

with Street View and base map data which is 

integrated into one single application. Google even 

asks for access of the location of a user in order to 

better the experience. Using this data Google adds to 

its product and this helps them give real time traffic 

data and estimated time of arrival (ETAs). Google 

even collects data that the users send themselves 

regarding the location of a certain place and 

integrates it into its app. Users can even upload the 

images of a place or destination. (Stark, 2017)  

Images and data are key components of a making 

Google Maps. But they are static and need updating 

every now and then as it needs to keep up with the 

fast pace changes occurring in the world. This is 

where the human touch or people come in. Google 

has a data operations team all around the world that 

look into every aspect- from mapmaking to data 

collection to correcting the discrepancies or 

inaccuracies in the map or data to obtaining more 

images for Street View. Google empowers Maps 

users to give feedback to make necessary changes via 

the Send Feedback button. The Google team then 

reviews the information provided and then updates 

the data accordingly if they have a high degree of 

confidence about the data obtained from the users. 

(Lookingbill & Russell, 2019)  

It's easy to take Google Maps for granted these days, 

there are some algorithms which work behind the 

scenes that make it all possible. Google Maps uses 

algorithms to determine the best routes and shortest 

journey time. For this they need various inputs about 

the routes. Algorithms are science of cleverness. A 

natural manifestation of logical reasoning-- 

mathematical induction in particular-- a good 

algorithm is like a fleeting, damning snapshot into the 

very soul of a problem. 

There are three major shortest path algorithms: 

Bellman Ford’s Algorithm, Dijkstra’s Algorithm, and 

Floyd–Warshall’s Algorithm. In order to analyse 

their effectiveness in the context of Google Maps, 

these algorithms have first been separately explained.  

 

1. Dijkstra's Algorithm 

Dijkstra’s Algorithm was invented by Edsger W. 

Dijkstra. It is termed as a 'greedy' algorithm. Greedy 

is an algorithmic paradigm that builds up a solution 

piece by piece, always choosing the next piece that 

offers the most obvious and immediate benefit. So 

the problems where choosing locally optimal also 

leads to global solution are best fit for Greedy. A 

greedy algorithm is a simple, intuitive algorithm that 

is used in optimization problems. The algorithm 

makes the optimal choice at each step as it attempts 

to find the overall optimal way to solve the entire 

problem. 

 
 

2. A* Algorithm 

A* is the most popular choice for path finding, 

because it’s fairly flexible and can be used in a wide 

range of contexts. A* works by making a lowest-cost 

path from the start node to the target node. What 
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makes A* different and better for many searches is 

that for each node, A* uses a function f(n).  

f(n) that gives an estimate of the total cost of a path 

using that node. Therefore, A* is a heuristic function, 

which differs from an algorithm in that a heuristic is 

more of an estimate and is not necessarily provably 

correct. A* expands paths that are already less 

expensive by using this function: 

f(n)=g(n)+h(n) 

f(n) = total estimated cost of path through node h 

g(n) = cost so far to reach node. 

h(n) = estimated cost from n to goal. 

A* algorithm for finding the shortest path and 

alternates routes in real time. It avoids costly paths 

and chooses the most promising path. It is a very 

smart algorithm, and is used to approximate the 

shortest path in real life situations, like in maps 

where there can be various hindrances. It is 

formulated in terms of weighted graphs. In case of 

Google Maps, this weight is travel time. Starting 

from a specific node (source node) of a graph, it 

constructs a tree of paths starting from that node, 

expanding paths one step at a time, until one of its 

paths ends at the predetermined destination node. At 

each iteration of its main loop, A* needs to determine 

which of its partial paths to expand into one or more 

longer paths. It does so based on an estimate into one 

or more longer paths. It does so based on an estimate 

of the cost (total time taken) still to go to the goal 

node.  

 

3. Bellman-Ford Algorithm  

The Bellman-Ford algorithm is similar to Dijkstra in 

that it seeks to find the fastest route from one point to 

all other points in a graph, using weighted paths. But 

it seeks to correct one of Dijkstra's shortcomings: 

negative weights (Programiz n.d.). Dijkstra algorithm 

is of a 'greedy' type, and negative weights cannot be 

assigned to the paths leading to the nodes; the latter 

allows this, and this aspect is what differentiates it 

from Dijkstra. The consideration of negative weights 

paves the way for possibly shorter routes (Programiz 

n.d.).  

With this, the question of the purpose of negative 

weights arises. This can be confusing when the paths 

are thought of solely as real-life paths. But these 

negative weights can be essential in portraying 

negative cash flows, heat absorbed or released in a 

chemical reaction, etc. (Programiz n.d.) 

A simplified example is illustrated below: 

 
In this example, while the use of Dijkstra's Algorithm 

would result in the shortest path from B to A being 

valued at 3 units (B → A), whereas, while using the 

Bellman-Ford Algorithm, the shortest path would be 

obtained as 2 units (B → C → A). In this aspect, 

Bellman-Fords could be used to provide a more 

accurate answer. However, this is not of any effect in 

real-world paths and routes, since there are no 

negative weights assigned to them.  

 

Location-Based Services:  

GPS is used for tracking your vehicles and keeps 

regular monitoring. This tracking system can tell 

your location and that information can be observed 

from another remote location. Currently, Dijkstra’s 

Algorithm is used to finding the shortest path in 

global positioning system.  

Location based services offer many benefits to 

mobile user to retrieve the information about their 

current location & process that data to get more 

useful information near to their location. Using 

Google maps assisted phone & a web service using 

GPRS, location-based services can be implemented 

on Android based smartphones to provide services 

like advising client of current traffic conditions, 

provding routing information, helping them find 

nearby hotels. (IOSR-JHSS, 2016) 

 

Google’s traffic predictions:  

Google Maps support its traffic views and faster-

route suggestion on two different kinds of 

information: factual data about the average time it 

takes to travel a particular section of road at specific 

times on specific days and real-time data sent by 

sensors and smartphones that report how fast cars are 

moving right then. 

Through its application Google basically crowd 

sources road congestion data, by combining the speed 
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of one to the speed of another on the road, across 

thousands of phones moving around a city at any 

given time, through which they generate information 

about the live traffic conditions. 

Crowdsourcing traffic gives Google a way to harness 

bits of location data from users and give it back to 

them in a form they can use to make impactful 

decisions that affect their free time, their pocketbooks 

and the environment. (BRINDLE) (Barth, 2009) 

 

 

SOS alerts during time crisis:  

With improved SOS alerts you can see important 

crisis information and see detailed visualizations 

about hurricanes, and earthquakes, and floods to give 

you a better understanding of the situation In the days 

leading up to a hurricane, you’ll see a crisis 

notification card on Google Maps that automatically 

appears if you’re near the impacted area. This card 

will direct you to a hurricane forecast cone, which 

shows the prediction of the storm’s trajectory along 

with information about what time it’s likely to hit 

certain areas, so you can use this information to plan 

how to react. (Stulberg, 2019) 

 

Repurposing Google Maps for use in Business 

Logistics (Cheong et. al. 2012): 

A group of professors at the RMIT University in 

Australia attempted to repurpose Google Maps 

software, so that it can be more suited for business 

logistics and supply chain management (Cheong et. 

al. 2012). The unnamed software was integrated 

within a larger project website called "Simulation in 

Learning & Teaching." This was a collection of 

software used by the university to teach effectively, 

the concepts of Logistics Systems. In essence, this 

was how the software worked: 

1. The user was meant to manually add all the 

addresses to be considered in a route. For 

business uses, there can be separate sets of 

addresses added simultaneously, like business 

stores and customer locations. These sets of 

addresses have starkly different markings on the 

map, for easy identification.  

2. Once the addresses are marked, the user has to 

add in (i) the starting point of the route, (ii) 

waypoints, or a set of addresses to visit en route 

(in no particular order) and (iii) the final 

destination.  

Once these inputs are given to the system, the 

Routing Output page provides an optimal 'Trip Plan.' 

This arranges the waypoints such that the distance 

covered is minimised. This is something that Google 

Maps cannot do in its current state (Cheong et. al. 

2012)   

 

Limitations on Google’s end in calculating ETA and 

the improvements made: 

The importance of accuracy and efficiency to 

contextually determine the best way to get 

somewhere is the main goal of apps like Google 

Maps as well as cab and food delivery apps like 

Uber. Since its of prime criticality for these 

companies to excel their navigation, ETA and routing 

systems, they are constantly working towards 

building a system that's more reliable, accurate and 

efficient than the last one.   

ETA, estimated time of arrival, is another important 

feature that Google maps are used for, and also is an 

integral part of delivery as well as transportation 

network apps like Uber.  

In 2011, Google’s ETA predictions were, on average, 

off by 3.6x the actual pickup time in NYC during the 

first week of research conducted by Uber (Uber 

2011). This led to Uber in creating a new algorithm 

for calculating as accurate as possible ETA and they 

concluded that their system was more accurate in 

doing the task than Google. Uber opted for mean 

square error method to get the job done and saw that 

accuracies in their predictions increased (Uber 2011).  

Google over the years too has made several attempts 

to improve the accuracy of their ETA prediction by 

taking into consideration various external factors like 

the data available in a particular area, range of 

official speed limits and recommended speeds, likely 

speeds derived from road types, historical average 

speed data over certain time periods (sometimes just 

averages, sometimes at particular times of day), 

actual travel times from previous users, and real-time 

traffic information. They mix data from whichever 

sources they have, and come up with the best 

prediction they can make. Google has also 

collaborated with mobile phone companies and other 

applications to enable more accurate tracking. 

However, despite the improvements, 100% guarantee 

in calculating the ETA can't be ensured yet as its still 

a model replying on future predictions and sudden 

accidents or unfortunate events always have a 
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possibility of taking place, hence making the ETA 

predictions wrong. The same can be resolved by 

making the ETA calculations as strongly based on 

real time situations using satellite information and we 

might see the accuracy improve even more in the 

time to come. 

FINDINGS 

 

1. Understanding the working of Google Maps: 

Maps are vital factors aiding communities to 

thrive. They have contributed to the growth of 

economies as through various industries and a 

wide range of applications. With innovations in 

their map design and routing process they have 

helped in achieving the most optimal way of 

routing, transport and navigation. It has 

constantly been updating adding data from 

across the world, speeding things up with 

machine learning and and providing the best 

possible way to your destination. 

2. Elaborating on various algorithms used in 

Google Maps: We discussed 3 algorithms that 

could possibly be used in Google Maps, namely: 

Djikstra's algorithm, A* algorithm and the 

Bellman-Ford Algorithm. It is certain that the 

software does not make use of the Bellman-Ford 

algorithm, as this is concerned with paths that 

have negative weights assigned to them, and this 

is not possible for real, physical paths. Djiktra's 

Algorithm and A* are both extremely effective 

in finding optimal paths, and Google Maps either 

uses one of the two, or a combination of both, to 

provide optimal results for their users.  

3. Use of Google Maps in logistics: The software is 

undoubtedly accurate in suggesting routes that 

minimize commute time, and with constant 

updates, there are now routing options for 

various modes of transport. But in business 

logistics, there are often more than two points in 

a route (Google Maps cannot organize route 

waypoints in an optimal manner in its current 

state). More importantly, there are other 

parameters that must be considered with respect 

to logistics. For instance, the route must be 

suitable for large goods-carrying trucks. Google 

Maps often fails to take this into account. Also, 

fuel economy must be considered to save costs 

(bumpy, potholed roads contribute to higher fuel 

consumption). Another major element not 

considered is the wait time at waypoints, for 

loading and unloading of goods. This wait time 

will cause traffic situations to change, and this 

will affect the journey time. Hence, although an 

undoubtedly effective navigation software, 

Google Maps would not be optimal for logistics 

in all situations. 

4. Discussing shortfalls in Google Maps: Despite of 

the progress that Google maps have made over 

the years, there still remain a few shortfalls 

which include inaccuracies in finding the perfect 

path from one destination to another, lacking 

perfect calculation of ETA, not reporting sudden 

events that might affect the route etc. Google 

maps has been constantly working on the same 

by making changes to their algorithms by taking 

more factors into consideration that might make 

a difference.   

CONCLUSION 

 

Google Maps has changed the way people navigate 

and reach their destination in their day to day lives. 

They use it to even check the traffic status on their 

daily commute routes just to save on time. It has a 

wide and extensive use in many fields such as 

logistics, management and so on. Even though there 

are a few deficiencies in the application there is a lot 

offered. Google has used operations research to a 

huge extent such that from the procurement of the 

data to the output shown to the end user is all based 

on operations research. The final product that we see 

today has taken a lot of research and development to 

reach the stage it has today. 

While the software is undeniably useful in day-to-day 

routines, there still remain some question marks over 

its usability in business activities. Aforementioned, 

business logistics is more than just travelling from A 

to B, and having to minimize time. Costs, types of 

route, fuel efficiencies also have to be considered. 

With technological advancements, and Google's 

complex artificial intelligence systems, there is no 

doubt that this navigation software has an immense 

potential for improvement.  

 

LIMITATIONS 

 

Following were the limitations that were observed 

while drafting this research paper. These limitations 

kept us from presenting the paper to its full potential 



© October 2019 | IJIRT | Volume 6 Issue 5 | ISSN: 2349-6002 

IJIRT 148707 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 190 

 

and we look forward to finding a solution to these 

constraints. 

 

1. Lack of previous research studies on this topics  

Since the source of our information is secondary, we 

relied on existing research papers, articles and other 

sources to provide us with information regarding the 

topic. However due to lack of enough information on 

the topic, we had a tough time in finding all the 

information points we were looking for. 

 

2. Limited access to data 

Two things which really limited the source of data for 

us are  

 Google hasn't ever openly declared the algorithm 

it uses in google maps and doesn't officially 

declare any information about the same. Hence 

this major lack of information proved to be a 

major problem whilst drafting this research 

paper. 

 Another constraint that further reduced the 

sources of data for us was the fact that a lot 

viable research papers were paid which made 

them inaccessible to us. 

 

3. Unavailability of clear information about the 

methodology used  

In this research paper we first found out all possible 

algorithms that Google might use to find the shortest 

path from one point to another. However due to our 

lack of knowledge in this area, and unavailability of 

sufficient information about all algorithms, we had to 

spend a large portion of our time in trying to 

understand the functioning of these algorithms.  

 

4. Room for a lot of interpretations, due to lack of 

evident data 

As all companies taken into consideration did not 

officially declare the algorithm used by them and also 

kept statistics regarding accuracies in route 

navigation confidential, a lot of room for 

interpretation was present. This made the task of 

accomplishing the goal of the research paper partially 

hard for us as we ourselves had to figure out the 

closest possible methods used by them.  
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