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Abstract

This paper presents results of ongoing work on development of a real-time outdoor positioning system
for an escaping target. The overall goal is determination of the location of the target relative to the
pursuer in real time and determination of the speed and direction of escape of the target from a pursuer.
This paper highlights on the location of a ground moving target confined in a two dimensional (2D)
arena. The location parameters of the target are obtained by use of global positioning system (GPS) then
transmitted to a central computer for analysis. Velocity of the target in the arena is obtained by use of
haversine equation and direction of escape is determined from triangle’s equations. From the data the
system determines if the target is escaping and the direction of escape. The results obtained can be used to
inform the development of a pursuit algorithm.
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Introduction

Diverse applications of electronic based positioning systems have necessitated widespread
research in hardware and software for localization and tracking. Such applications include traffic
navigation, military asset monitoring and wildlife management. The setup usually consist of a
mapped arena, a target and computation algorithm.

In literature, many approaches have been proposed such as GPS compressive sensing for location
acquisition (Song 2018),hybrid systems (Jiang,et-al 2010) and smartphone based systems. These
approaches present stand-alone systems that presents results to the end user but are not easy to
integrate with other electronic systems such as pursuit systems. In this paper, a platform is

presented for locating a target in a 2D arena and determining whether the target is escaping or not.

Platform Design



The platform as shown in Figure 1 consists of a portable electronic station that can be attached
to the target and a central computer running a program designed to monitor a randomly moving

ground target.

— MG
#~ A \Wi-Fi Signal | GPS ]
/?:::% _/\/\__ /\/\ Mobile Station

. o , with Wi-F1 &
Central PC with Wi-Fi GPS

Figure 1: Platform

Communication between the central computer and mobile station is through Wireless fidelity
(Wi-Fi). Wi-Fiisa wireless communication standard based on IEEE 802.11a with arange of about
100 metres (Lee& Shen 2007). The mobile station is equipped with GPS receiver and it receives
the signals of several transmitters in known locations and computes its location based on the
measured signals. The mobile GPS receiver is portable and with ability to endure outdoor
environment for long. It should have a mobile power supply unit that could sustain it for a
long time before recharging it.

The hardware for the system consist of Pmod GPS receiver, chipKIT WF32 both by Digilent
and a rechargeable Li-ion 5V battery. The PmodGPS sensor uses UARI interface for
communication and was connected to WF32 TX (transfer data) and RX (receive data) pins. The
chipKIT WEF32is a WiFi enabled Arduino based board with a PIC32 microcontroller (80 MHz).
Detailed information of these boards are presented in their reference manuals (Micro, Czernek
et-al 2016). The hardware also consists of a long range WiFi access point for connection of the
mobile unit to the monitoring PC. The Station then uses triangulation in order to determine
its location in latitudes and longitudes. This information is transmitted to the master station

through a wireless data link.

The master station receives the data encoded in form of National Marine Electronics Association
(NMEA) sentences. NMEA is a standard data format for GPS devices (Si 2011). NMEA data
contains multiple data items in a single line separated by commas (Al-Taee et-al 2011). Each NMEA
sentence begin with $ and cannot be longer than 80 characters including line terminators (Shoab

2013). In these sentences the data items are separated by commas. The main data items are



Satellites in view, Longitude, Latitude, Altitude and Time. The sentences are then interpreted
using a code in LabVIEW then distance and bearings are determined.
Once the coordinates are acquired, it is possible to determine the distance of the point of interest

(say Q) from any other point on earth surface (say P) by use of haversine function (Winarno et-

al 2017).
d= 2I’Sinl[\/Sinz(@)+C05(¢1)COS[¢ZSin2 [%DJ where

d is the space between two coordinates. r is the radius of the sphere

@, O, Longitude of position p and q.
A1, A2 Latitude of position p and q.
The function provides a means of determining the great circle distance which is the shortest distance

between two points, measured along a sphere (Mishra 2016). See Figure 2.

Figure 2: Great Circle Distance

In this case the sphere is the earth whose average radius at the equator is R. The equation
determines the distance from point P to point Q along the indicated path as shown in the figure.

The bearing is then computed from triangle geometry equations.

Test Setup and Results
Setup
The system was deployed for testing, where first the coordinates of a stationary pursuer were

acquired and distance obtained against a stationary target as shown in Figure 3.
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Figure 3: Target Distance
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A program was developed in LabVIEW for acquisition of coordinates from microcontroller
through WiFi as shown in Figure 4.

UART Channel (0)

Figure 4: LabVIEW Screen-shot for Location Acquisition

The program acquires NMEA sentences from ChipKit WF32 through WiFi from UART channel
1. The sentences are then interpreted to give 11 parameters. These parameters include: -the
Number of satellites in view, Time, Date, Longitude, Latitude, Altitude, Speed, Status and Fix

type. The results obtained are represented in a graph and the distance of the target from reference

points is obtained.

Experiments were carried out at the iPIC centre (JKUAT), sample was taken for the pursuer as

shown in the screen-shot Figure 5.
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Figure 5: GPS Parameters of Target



The device name box indicates the identity of the hardware used by the computer for data
acquisition, Time provides the 24 hour clock data on the time of the experiment 10:23am, Date is
the date when the data was taken (25t February).

Fix type (3) means that the data obtained is for three dimensional locations. The Status provides
Navigation receiver warning status where A means OK and V indicates presence of a warning.
Satellite in view gives the number of satellites available, the higher the number the better. The
Latitude and Longitude data is given in decimal degrees while the altitude is in metres. Of

these parameters, only the Latitude, the Longitude and Time are of interest to the research.

Results
The location of the target monitored and the motion pattern plotted as shown in Figure 6. The
samples were taken at a constant time interval of 1 Second. The graph shows the Longitudes

and Latitude location of the target.
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Figure 6: Target Map

The distance of the target from each wall was monitored and it was regarded as escaping when
it was close to any of the walls and approaching it (speed is positive). This is shown in the
screenshot of Figure 7. From the screenshot, the target state is” escaping”since it is close to
wall C (0.9717m) hence the red dot on the screenshot and the speed of approach to wall Cis
positive (20.95m/s).
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Figure 7: Target data

The distance from all other walls is above 5 metres (wall A=32.33m, wall B=53.1m and wall
D=21.41m). The speed of approach to walls A and D is negative meaning it is moving far
from the two walls. The speed of approach to wall B is positive (10.73m/s) but the target

is not escaping through B since its far (53.1m) from wall B.

Conclusion

In this paper, partial results of development of a real-time outdoor positioning system
for an escaping target are presented. Location parameters of the target in a two
dimensional (2D) arena are obtained by use of global positioning system (GPS) then
transmitted to a central computer for analysis. Velocity of the target in the arena is obtained
by use of haversine equation and direction of escape is determined from triangle equations.
From the data the system intelligently determines if the target is escaping. The results

obtained can be used to inform the development of a pursuit algorithm.
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