
Enhanced GNSS Positioning Solution on Android for Location Based Services Using Big Data 399 

 

Enhanced GNSS Positioning Solution on Android for Location 

Based Services Using Big Data 

Anwar ul Haque, Tariq Mahmood, Muhammad Saeed* 

Institute of Business Administration Karachi, University of Karachi, Pakistan 

ahaque@iba.edu.pk, tmahmood@iba.edu.pk, saeed@uok.edu.pk 

                                                           
*Corresponding Author: Anwar ul Haque; E-mail: ahaque@iba.edu.pk 

DOI: 10.3966/160792642019032002009 

Abstract 

GNSS based positioning is common and widely 

utilized positioning system in world. The only limitation 

beside of accuracy a GNSS receiver has is the availability 

of GNSS signal. Closed environments where direct view 

of sky is not available e.g., inside building or shopping 

mall or under tunnel do not offer valid GNSS positioning. 

These types of environments are generally termed as 

GNSS denied environments (GDEs). In such scenario a 

modified technology called Dead Reckoning System 

(DRS) is used for positioning. A DRS is a sophisticated 

and costly system which is not widely available for 

general public usage. In this paper, we propose a novel 

and state of the art DRS technology. Specifically, we 

develop the DRS on Android platform for providing 

positioning services in real time using state of the art, 

open-source big data technologies. To ensure effective 

and accurate positioning with minimum power and 

resource consumption. We use the in-memory computing 

and streaming of Apache Spark and data storage of 

Aerospike. We test our DRS in three different GDEs 

along with the PoC in which we compare our DRS result 

with actual GPS-based positions. In each experiment, our 

system has given a promising circular error probability 

(CEP) of less than 3 meters, irrespective of object state. 

The potential domains of applications are security, 

location-based service, and indoor navigation. 

Keywords: GNSS, Big data, Sensor fusion, Apache 

spark, AeroSpike 

1 Introduction 

Positioning is the process of giving a distinct 

coordinate relative to some reference coordinates. 

Positioning systems are based on Global Navigation 

Satellite System (GNSS). There are a number of GNSS 

operational today, among which GPS is a well-known 

and commonly used. GNSS is a satellite-based 

navigation system which provides coded information 

in the form of a RF signals. This information consists 

of ranging code, navigation data and carrier signals 

[16]. The GNSS receiver decodes the captured signal 

and extracts navigation information. Then, by the 

method of triangulation it computes its position [7]. 

The basic idea is to determine the relative position of 

object using the geometry of triangles. The location of 

a point is described in terms of fixed distances to three 

known points, and the efficiency of this process 

depends upon a geographical orientation of these 

points. The proper alignment of three points can 

describe a position of receiver with the help of three 

equations which are given in Equations (1), (2) and (3). 

 d1
2 = x2 + y2 

(1) 

 d2
2 = (x-p)2 + y2  (2) 

 d3
2 = (x-q)2 + (y-r)2  (3) 

Here, x and y are the points of origin, p is the 

ordinate of second fixed point, and q and r are the 

coordinates of third point. By solving the above three 

equations for x and y we get the object’s coordinates as 

shown in Equations (4) and (5): 

 x = {d1
2 - d2

2 + p2/2p}1/2 
(4) 

 y = +- {d1
2 - [(d1

2 - d2
2 + p2)/2p]2}1/2 

(5) 

Figure 1 demonstrates the method for computing an 

object’s position in 3D space. Sat 1, 2, and 3 are 

satellites and the black dot represents the receiver. 

 

Figure 1. A GNSS receiver is triangulating three 

satellites for calculating its position 

However, positioning becomes difficult when the 

receiver is in a GDE i.e. inside a building, shopping 

mall or subway station. Due to GDE receiver neither 
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will obtain satellite signals nor will resolve position. In 

such scenario the receiver will wait in an endless loop 

until the hardware moves out from GDE. To solve such 

problems, typically a DRS is used [8]. 

Generally a DRS employees a predictive algorithm 

i.e. Kalman position filter, which predicts the object’s 

next position using its previous position and sensory 

data (accelerometer, gyroscope, magnetometer and 

orientation sensor) data [5, 11].  

DRS is used in various applications like network 

games, animal navigation, marine navigation, and 

robotics. Figure 2 shows an implementation of DRS for 

positioning a vehicle inside a tunnel which is a GDE. 

The yellow circles represent DRS based position while 

green circles show GNSS based position. Although 

DRS is effective for GDEs, but it’s usage is relatively 

low and not widespread in general public navigation 

systems due the following reasons: 

 

Figure 2. Positioning in tunnel using DRS 

High cost & complexity. DRS hardware is expensive 

due to its nature of complexity of design and 

processing. 

Limited available processing power. A DRS 

application is, by nature, rigid and runs in real-time due 

to nature of RTOS. 

Limited commercial usage. DRS is designed and 

maintained for high end applications. So its availability 

for commercial usage is limited. 

Limited mobile DRS usage. DRS for mobile 

platforms (e.g., Android) is still not available for 

general public usage. 

In this paper, we have addressed the aforementioned 

limitations by proposing a cost-effective, efficient, 

Android-based mobile DRS. We named our system 

Big Data analytics based DRS (BDA-DRS). The 

hardware requirement is fulfilled by employing an 

Android phone. Since Android phones are unsuitable 

for real time processing, we rely on big data 

technologies to solve this problem. Specifically, the 

data generated from Android sensors is big data with 

respect to streaming and has a high velocity in nature.  

In BDA-DRS, we used Apache Spark for real time 

processing of sensory and prediction engines. Spark is 

a state-of-the-art, in-memory, and scalable cluster 

computing technology [9] with extendable big data 

processing system on various successful applications in 

diverse domains [10]. To meet Spark requirement of 

fast and agile storage & transaction we employed 

Aerospike, a NoSQL big data store which stores data 

as key-value pairs. Like Spark, Aerospike is also in-

memory, scalable and proven efficient [2] and hence 

ensures smooth data transactions for real time 

processing. Following are the two research questions 

which we tried to answer in this research paper: 

RQ1. Can Big Data technologies be used in predicting 

real time position in a GNSS denied environment with 

good accuracy? 

RQ2. Can commodity gadgets like Android and 

IPhones be used for providing robust, precise and 

accurate GNSS positioning information with the 

support of Big Data technologies. 

2 Relevant Background 

In this section, the relevant background is discussed. 

2.1 Kalman Filters 

A Kalman filter is a type of linear quadratic 

estimator whose primary function is to, estimate an 

unknown variable by utilizing the previous experience 

and other statistical inputs, recursively. The algorithm 

is a simple two-step process. In step one, values of 

current state variables are estimated, and in second step, 

these values are updated using weighted averaging. 

Since the output is predicted using only the last 

experience and current sensory, it tends to be more 

effective than a single measurement or simple 

averaging. Kalman filters are widely used in navigation, 

controls, and guidance systems [12, 17]. 

The example given in Figure 3, illustrates a mouse 

movement inside a tunnel whose position is desired on 

time Tn.  

 

Figure 3. A mouse in tunnel (constant time step) 

For this we have: 

‧ Xi: state of the system (Pi, Vi) 

‧ Ck: estimated measurement (approximates x) 

‧ σ2: variance of a measurement 

‧ X: vector 

‧ P: co-variance matrix of position 

‧ Xk: best estimate of state 
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‧ X(k-1): best estimate before measurement was taken 

‧ X(k+1): best next estimate of state 

Taking assumption of scalar measurements, we can 

use (6) to estimate the state of mouse on certain time. 

 xk =C1 + K.(C2-C1) (6) 

While K is Kalman gain and denoted by (7). 

 K = r1
2 / r1

2 + r2
2 (7) 

With knowledge of initial point Pi, the stepping 

value Vi and amount of time elapsed Td after its travel, 

and by utilizing Kalman filter equation given in (8), we 

can find out the possible position of mouse inside the 

tunnel at time Tn. 

 xk(tn) = C(ti) + K.[C(tn) - C(ti)] (8) 

 r2 = [1-k].rz
2   

2.2 Apache Spark 

Apache Spark is an open-source and efficient cluster 

computing platform with the capability of data 

parallelism and fault tolerance [21]. Spark provides a 

new type of data set called Resilient Distributed Data-

set or RDDs, which are read-only multisets of data 

elements. Due to the nature of RDD iterative 

algorithms can be easily applied on Spark with a high 

responsiveness. The architecture of Spark consists of 

cluster management engine and a distributed storage 

system (abstract view shown in Figure 4). For small 

size development, Spark provides a pseudo-distributed 

mode which runs on local machine with single instance 

per core of CPU [1, 3, 6, 13]. The selection of Spark is 

due to its adoptable nature, simplicity in learning, fast 

processing, ease of applicability and configuration [21]. 

 

Figure 4. A generic spark framework architecture 

2.3 Aerospike 

For real time processing we require real time data 

storage and acquisition. To the best of our knowledge, 

Aerospike serves the purpose with its NoSQL in-

memory data storage and retrieval capability [22-23]. 

Aerospike is a 3-layer architecture:  

‧ flash optimized data layer 

‧ self-managed distribution layer and a cluster-aware 

client layer 

‧ distribution layer which is replicated across data 

centers to ensure consistency. 

Figure 5 shows layered architecture of Aerospike. 

The in-memory computing with flash optimization has 

made real time computing over clusters a reality to 

meet the need of today’s computing. The selection of 

Aerospike is done as it is open-source, it is Key-Value 

pair based and it has successful use cases [13]. 

 

Figure 5. Working architecture of the Aerospike 

NoSQL Database 

3 Problem Statement 

We now formally mention our problem statement. 

The new era of positioning and data analytics on user 

movement is totally dominated by accurate and 

efficient GNSS based position. However, acquiring 

accurate and on demand position in a GDE poses a 

difficult problem. The devices which can provide 

positioning solution in GDE are not only expensive but 

also require specific level of knowledge of GNSS. This 

preventing widespread of these solutions, e.g., for 

commercial or public usage. So, there is need to bring 

a more robust, accurate and efficient positioning 

solution inside GDE on general purpose devices like 

Android cell phones. The availability of this 

technology on commodity gadgets which can provide 

precise and accurate position and timing information 

inside GDE will enable a new era location-based 

computing and enhance the e-commerce market. 

4 Proposed Solution 

In this section we proposed and worked out a 

solution for predicting GNSS position on Android 

phone using Big Data technologies. As data is being 

continuously generated by the moving object on real 

time rate, so we need to employ Big Data related 

technologies to overcome the challenge of real time 

computing. The proposed solution which we called 

BDA-DRS can be distributed in the following manner: 

‧ Android application which is capturing sensory 

(Accelerometer, Gyro, Magnetometer, Orientation) 

from android sensor hub, GNSS information from 



402 Journal of Internet Technology Volume 20 (2019) No.2 

 

GNSS hardware & GSM information from 

Communication Module. The captured information 

is processed (ETL) and sent to Spark based 

processing system using raw async sockets (spark 

custom receivers). Figure 6 shows the above 

mentioned model. 

 

Figure 6. BDA-DRS, Android apk working 

architecture 

‧ Spark based processing engine which is basically the 

heart of this research work employees stream 

processing on incoming data from cell phone via 

custom sockets. The data is parallelized and 

broadcast to workers for processing. Figure 7 shows 

the above mentioned model. 

 

Figure 7. BDA-DRS, Master and worker Model 

Apache Spark  

‧ Each worker has its own copy of Kalman prediction 

logic and implements it on the incoming stream of 

data from master.  

‧ The accumulated result from workers is stored into 

NoSQL storage unit and a copy is sent to Android 

device via raw async sockets for displaying position 

on Google map which is running in the application. 

The application also reflects an interface which can 

be used by other applications for utilizing the DRS 

result.  

The over all system can be distributed into two 

major components, one is the hardware component and 

other is the software component.  

4.1 Hardware Component 

Hardware devices capable of providing position in 

GDE in real time are expensive and sophisticated to 

acquire and utilize [14-15] for general usage. To ensure 

low cost and easy to use hardware component of BDA-

DRS we select Android device as its hardware which 

can generate sensory, GNSS and GSM related 

information [4]. 

4.2 Software Component 

Android OS is not RTOS due to nature of non-

deterministic hardware [18-20]. Therefore, to meet the 

requirement of real-time processing of BDA-DRS we 

employ lightening fast cluster computing of Spark and 

we separate the software component into three layers. 

Figure 8, displays the above documented layering.  

 

Figure 8. Processing and communication layers for 

BDA-DRS 

‧ Layer 01, Android application which is doing sensor 

data acquisition and communication. module 

provides the necessary ingredient for prediction. 

‧ Layer 02, Spark stream based processing engine 

which is executing on personal Laptop. 

‧ Layer 03, Data storage & transaction engine of 

Aerospike which is also executing on laptop. 

4.3 Working of BDA-DRS 

In BDA-DRS, the sensor data is filtered on android 

application using software based low & high pass 

filters in ETL phase. The ETL phase removes null 

values, non-uniformity and outliers etc. The filtered 

data is then fed to Spark processing engine via custom 

receiver using async sockets.  

The streaming engine which is running on Spark in 

laptop captures data from spark custom receiver and 

parallelize it to distribute to the workers via 

broadcasting.  

The workers then execute the Kalman predictive 

logic which is available on their end to estimate the 

position from sensory data on the basis of last known 

experience. The processing on worker side is done with 

in the given quota of time to ensure the real time 
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behavior of BDA-DRS. The accuracy of data is 

maintained using motion prediction engine. The 

motion prediction engine utilizes sensor fusion 

algorithm to predict the movement of device in a 3 

dimensional space and the output of this engine serves 

as the argument of position prediction engine. The 

argument is used to correlate the difference of 

movement from last known position to current. 

The accumulated result is stored on Aerospike 

NoSql database (which serves as the experience of 

Kalman for next iteration) and a copy is sent to device 

for display on Google map. The whole process is 

executed in a loop and predicted position is estimated 

on movement made by the user (carrier of android 

device). The major hurdle in position prediction is the 

initial experience (last known position). To acquire this 

BDA-DRS takes coarse position from Wi-Fi, 3G and 

GSM as its initial position and feeds it to prediction 

engine. The complete architecture of BDA-DRS is 

shown in Figure 9. 

 

Figure 9. Architecture of BDA-DRS showing sensor 

to processing work 

4.4 Proof of Concept 

We initially conducted two experiments as Proof of 

Concept (POC) of BDA-DRS. The first was in static 

mode, where BDA-DRS acquire the position inside a 

closed room which is a GDE. Then, the position of the 

device was taken on the roof of that room which is a 

perfect GNSS environment. These two positions were 

compared in terms of accuracy, acquisition time and 

stability. The position taken from BDA-DRS is very 

swift in acquisition and stability while positioning from 

GNSS receiver requires more time & continuously 

hops in nearby locations. The prediction engine in 

BDA-DRS gives an accuracy of less than 3.0m CEP. 

Figure 10 and Figure 11 provide a comparative view 

on Google Earth of both scenarios. 

Figure 12 shows predicted latitude, longitude by 

BDA-DRS in a GDE. The precision in the values of 

latitude and longitude details the smoothness & 

accuracy of position while clustering of value reflects 

promising result of BDA-DRS for further dynamic 

tests and scenario. 

 

Figure 10. Positioning in GDE via BDA-DRS 

 

Figure 11. Positioning on Roof via GPS 

 

Figure 12. Scatter plot of longitude vs latitude in static 

mode 

In second POC experiment, BDA-DRS was tested in 

a running car on Android device. The motion was 

analyzed with respect to time and predicted latitude 

and longitude was recorded. Since the device is 

moving continuously so samples acquired from device 

and information processed on that sample by motion 

prediction engine and position prediction engine must 

agree on the line of synchronization. We overcome this 

synchronization issue through in-memory processing, 

the motion processed information is stored in RAM in 

Aerospike & fed to prediction engine for effective 

synchronization.  

After achieving synchronization, the prediction was 

found to be correct by more than 80% in various test 

scenarios as compare to GNSS only positioning. Figure 

13 and Figure 14 show the Google Earth image of 

positions taken during movement via BDA-DRS & GPS 

while Figure 15 shows the plot of BDA-DRS points. 

The above two experiments of PoC show promising 

results of BDA-DRS which led us to conduct our 

original real time experiments in GDE. These 

experiments are discussed in Section 4.5 as experiments. 
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Figure 13. Position via BDA-DRS in dynamic mode 

 

Figure 14. Position via GPS in dynamic mode 

 

Figure 15. Scatter plot of lon vs lat in dynamic mode 

4.5 Experiments 

We tested BDA-DRS in the following three GDEs: 

‧ Inside the Dolmen Shopping Mall, which is well-

known mall and located on Tariq Road, Karachi  

‧ Inside UBIT, which is the building of the 

Department of Computer Science in University of 

Karachi 

‧ Inside PAF-KIET city campus, which is situated on 

Shahra-e-Faisal, Karachi. 

4.5.1 Experiment in Dolmen Mall 

Dolmen Mall is one of the largest shopping malls of 

Karachi. We did several runs and verified the result 

again & again to ensure the behavior of BDA-DRS. 

Figure 16 and Figure 17 show the camera and Google 

image of Dolmen Mall.  

The result of BDA-DRS experiment conducted in 

Dolmen Mall is shown in Figure 18. The dotted blue 

lines are the movement of person carrying android 

phone inside the mall. Since the gate of dolmen mall 

provides good reception of GNSS signal so initial 

position is taken via GNSS at gate. The initial position 

is used to estimate the next possible position using 

Kalman estimation engine which is running in Spark 

on laptop. The positioning information is not so 

smooth due to the delay in communication between 

android and laptop. The data network in Dolmen mall 

was not working well due to huge crowed and dense 

architecture. But still BDA-DRS managed to provide 

effective and precise positions in real time to android 

phone. 

 

Figure 16. Camera image of Dolmen Mall 

 

Figure 17. Google image of Dolmen Mall 

 

Figure 18. Positioning via BDA-DRS in Dolmen Mall 

4.5.2 Experiment in UBIT  

Department of computer science of University of 

Karachi is also known as UBIT (Umer Bhasha institute 

of technology). The Camera image and Google image 

of UBIT is given in Figure 19 and Figure 20 

respectively. 
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Figure 19. Camera image of UBIT 

 

Figure 20. Google map image of UBIT 

In the experiment, one of the authors carrying an 

Android device walked in a straight line in the central 

corridor of UBIT. The initial position was taken using 

GSM and Wi-Fi as the there is no reception of GNSS 

signal on either inner sides of UBIT building. Once the 

initial position was taken the author starts to move and 

the position of author is estimated using BDA-DRS. 

Figure 21 shows the output of BDA-DRS test in UBIT. 

The red circle in figure shows the starting point of 

movement where initial position was taken. 

 

Figure 21. Positioning via BDA-DRS in UBIT 

4.5.3 Experiment in PAF-KIET (City Campus)  

PAF-KIET City Campus is engaged in providing 

grad. & under graduate level education to its students 

in the field of engineering, computer science and 

management. It’s camera image and Google map 

image is shown in Figure 22 and Figure 23 respectively. 

In this experiment the starting point was taken from 

GNSS as on the gate of PAF-KIET the GNSS signal 

are healthy and effective. After obtaining initial 

position on of the author start to moving in the corridor 

of PAF-KIET. The corridor of PAF-KIET is a semi-

GDE, there are patches where 2 to 3 satellites are 

visible but the signal strength is not enough strong to 

compute effective position. While BDA-DRS provided 

effective, smooth and turn-by-turn position in real time 

which is shown in Figure 24. Since the network was so 

strong in PAF-KIET so obtained position via BDA-

DRS is dense and precise as compare to other two 

experiments mentioned above. 

 

Figure 22. Camera image of PAF-KIET 

 

Figure 23. Google map image of PAF-KIET 

 

Figure 24. Positioning via BDA-DRS in PAF-KIET 

City Campus 

5 Conclusion 

The idea of BDA-DRS for predicting real time 

position via Big Data technologies (Spark & Aerospike) 

in GDE was quite successful. As there is always a 

room of improvement which can lead things to best 

than better. So as part of the future work the data 

communication framework of BDA-DRS will be 

shifted to Apache Kafka from current async. Sockets to 

ensure more resilient and smooth communication. 

Based on results we answer our research questions as 

follows: 

RQ1. Can Big Data technologies be used in predicting 

real time position in a GNSS denied environment with 
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good accuracy? 

Answer. BDA-DRS is based on Big Data technologies 

(Apache Spark and AeroSpike) and has given 

promising result in the domain of position prediction in 

GDEs with good accuracy and precision in real time. 

Several tests and experiments were done to ensure the 

output and working.prediction in real 

RQ2. Can commodity gadgets like Android and 

Iphones be used for providing robust, precise and 

accurate GNSS positioning information with the 

support of Big Data technologies. 

Answer. Since commodity gadgets are capable of high 

processing technology today. The only lacking feature 

is the availability of real time operating system which 

is essential for any DRS based systems. This lacking 

feature was compensated via Big Data technologies. 

After the novel combination of Big Data technology 

with commodity cell phone it was possible to obtain 

precise and accurate positioning information in GDEs 

using commodity cell phone. 

The positioning solution of BDA-DRS is flexible 

that it can be easily integrated with various application 

of android or computers & future industry can use it to 

make more positioning-oriented solutions.  
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