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GPS receivers plays a greater role for calculating and determining the precise point
positioning and deals with the navigational massages, also one of the main uses of high-end
GPS receivers is for scientific research and space science analysis. The handheld GPS
receivers were utilized for experimental purposes contrary to the traditional application for
recreation and geo-catching activities. The classification of different commercial GPS

receivers gave an inside ideas for application and utilization of these receivers in the field of
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laboratory research. Garmin GPS handheld receivers performed an excellent example in
conducting experimental work for GPS propagation data analysis.

Less developed countries,
Experimental work.

Introduction

Global positioning system (GPS) can be categorized as
space-base radio navigation system, which is operated and
maintained by the Government of the United States under the
umbrella of U.S Air Force (USAF). The GPS system provides
accurate 3 D position, timing information and velocity twenty
four hours, seven days a week anywhere around the earth's
surface and above [1][2].The potential market for mobile
communications provided by satellite systems has triggered the
development of a range of operational systems and conceptual
designs, from the more conventional geostationary orbit systems
to the medium earth orbit (MEQO) systems[3], which L-band
operates on the frequencies between 1-2 GHz. The L-band is
particularly effective in providing rapid and flexible
communication through mobile and portable terminal or
transportable earth station. Voice and data communication
services can be provided through the link between the satellite
and the ground terminal. Mobile Satellite System (MSS) has
advantages over Fixed Satellite Systems (FSS) due to its
connection in rural areas which is very spotty or generally poor
[4]-[9]. The Mobile Satellite (MS) connection exists while on
the move and this reflects the reliability of the system to the
mobile users [10].

Experimental data for MS signal is important in
communication services [11]-[13]. The movable satellite system
was designed to promote communication to areas where
terrestrial communications is not available. The portable GPS
receivers are increasingly popular among the outdoor users,
although the handheld GPS receiver prices have dropped, so
anybody can afford to buy it. The main focus of this critical
review paper is to draw a roadmap for the selection of the
economical hardware system setup that will be used to acquire
GPS propagation signals in the form of National Maritime
Electronic Association (NMEA) code sentences and these
sentences that can be used for experimental purposes at low
latitude regions [11], [14]-[20]. The low latitude region is the
areas or places that are located between +20° latitude of the earth
equatorial line. Figure 1 shows a map of the low latitude region
(Http://www.satsig.net/lat_long.htm,).
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Figure 1. Low latitude areas
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L-band frequency

L-band refers to the long wave frequency transmission
within 1-2 GHz and it is particularly effective in providing rapid
and flexible communication through mobile and portable
terminal [22]-[27]. L-band satellites can be located in orbits of
GEO, MEO (ICO) or LEO provides the services to MSS, UHF,
cellular phones, TV, Microwave and studio television links [5],
[9], [28], [29]. Most convenient L-band antennas are small and
ideally do not require point toward the satellite in most cases, but
patch antenna that comes with a handheld GPS receiver required
the receiver display facing the sky [22], [30], [31], meaningfully
a very simple cellular whip antenna used on cars and handheld
mobile phones. These L-band antennas for use with Inmersat
required antenna gain in the direction of the satellite so a coarse
pointing is needed. First set of L-band rod or mast antennas are
approximately 1meter in length and 2 centimeters in diameter, as
in the case of bifilar helix that contained within. Therefore
antennas for the handheld phones are more like a fat fountain pen
[26], [32]-[34].

Distinct studies conducted shows there is no rain attenuation
at L-band [25][35], the ionosphere does not introduce a source of
significant link of fading. However L-band represents a
regulatory challenge, but not a technical one, because there are
more users and uses for this application spectrum than there is
spectrum to use [36], [37].
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For example, they improve spectrum efficiency techniques
like digital speech compression and bandwidth efficient
modulation. This will improve the utilization of this very
attractive portion of the spectrum. The challenges for the
business failure of LEO system is like Iridium and Globalstar
had raised some doubts that L-band spectrum could be
increased. However, GPS is best known as a worldwide
positioning system and the main purpose is to provide accurate
positioning location at all points on the earth’s surface at all
times [38]-[40]. It is intended mainly for defense purposes, but
the civilian community now constitutes the bulk of users. The
GPS satellites constellation comprises of 24 satellites such that
at least 4 satellites are visible everywhere on earth at any time
[39], [41]-[43]. The GPS satellites group mainly located in the
orbit of median earth orbit (MEO) or intermediate circular orbit
(ICO).

GPS receiver

GPS transmits its signals using microwave with a very short
length about 20 cm in compared to AM and FM radio wave. A
short length wave is good as it follows a straight path without
bending. The disadvantage of short waves is that the penetration
to the matter is weak. The LOS is easily blocked by the
building, tree canopy or atmosphere gaseous [6], [27], [44]-
[46]. The primary classes of GPS receivers are; Recreational/
geocaching type, geographical information system (GIS)[47],
survey/mapping, geodetic receiver type and military. This
review paper will give more emphasis on recreational / geo-
caching receivers, where handheld GPS receiver applications on
experimental usage will be discussed.

GPS receivers have been equipped with Standard
Positioning Service (SPS). Three-dimensional position and time
determination capability provided to a user equipped with a
minimum capability [42], [48]-[52], the GPS SPS receiver in
accordance with GPS national policy and the performance
specifications established in this Signal Specification [53], [54].
However the single frequency receivers have the advantage that
they are low cost and the CA-code acquisition for civilian access
provides higher signal to noise ratio than the synthesized P-code
acquisition [55], [56]. The satellite uses code division multiple
access (CDMA) spread technique. Frequencies at L-band are
used to cover a great amount of telecommunication services for
personal communication systems and satellite communications
(SATCOM). The GPS carriers are in the L-Band centered at
1575.42 MHz (L1), 1227.60 MHz (L2), 1381.05 MHz (L3),
1379.913 MHz (L4) and 1176.45 MHz (L5) frequencies [2],
[57]-[59].
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A GPS receiver is able to calculate its position upon
receiving navigation messages, which are packed into two
pseudorandom noise (PRN) code sequences [60]-[63]. The
Coarse Acquisition (C/A) code is a 1023 bits long sequence
being repeated every millisecond. Furthermore, this code is
clocked with 1.023 MHz. The second code sequence (Y-code),
which is repeated every week, is encrypted and 6 trillion bits
long [49], [64]. Its clock rate is 10.23 MHz. By processing
navigational messages, receivers obtain information about the
position of the individual satellites and the system time [49],
[65], [66]. Figure 2 shows the receiver schematic diagram. The
receiver comprises of antenna with pre-amplifier stage, which
uses sensitive antenna that can detect electromagnetic wave
signal transmitted by GPS satellites, then convert the signal to
the wave energy [11], [67]. Many different type of antennas
were in used for the receivers, such as monopole, Helix, spiral
helix, microstrip and choke ring type [26], [31], [34], [68]-[75].
Commercial handheld GPS receiver mostly used microstrip
antennas due to its advantage for airborne application and easy
design. But geodetic antennas are design to receive two fold
frequencies Lland L2 and their antennas were protected against
multipath by using extra ground planes or using choke rings.
The receiver has radio frequency section with signal
identification and processing unit. It also incorporated with
microprocessor that control data sampling and data processing,
then final stage deal with position, time and velocity [12], [76]-
[81].
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Figure 2. Schematic of GPS receiver

The satellite transmits signals containing the time and
orbital data to calculate satellite position and almanac data [66],
[82]. Meanwhile, receiver used on the ground, sea and air search
the sky for the satellites. The GPS unit needs acquire good
signal from at least three satellites to determine a position on the
surface of the earth [30], [39], [52], [54], [63]. The table 1 below
shows some selected receivers use for data acquisition system to
obtain an MS propagation signal.
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Table 1. GPS Receiver Classifications
S/IN Model Frequency | Antenna | Experiment Parameters
Type conducted
| Zenstar 111 Single freq | Builtin Nil Update rate of 1 second with baud rate of 4800
antenna NMEA 0183 Version 3.01 ASCIl output (GPGGA, GPGSA, GPGSV,
GPRMC, option GPGLL,GPVTG)
Sentences
$GPGSV,2,1,07,07,79,048,42,02,51,062,43,26,36,256,42,27,27,138, 42*71
2 HULUX Single Built in Design and USB interface with 4800 baud rate, 1sec update rate.
GR-213U freq. antenna experiment on NMEA sentences 0183 ver. 2.2
intelligent fuzzy The receiver, USB interface with user selectable baud rate (4800-Default,
monitoring system | 9600, 19200, 38400). With NMEA 0183 Version 2.2 ASCII output GGA,
for corn planters GSA, GSV, RMC (option GLL, VTG, ZDA). It has an update rate of 1
second.
The GPGSV sentences for the receiver is
GNSS Satellites in View (GSV) Table 5-8 contains the values for the
following
example:$GPGSV,2,1,07,07,79,048,42,02,51,062,43,26,36,256,42,27,27,138,
42*71 $GPGSV,2,2,07,09,23,313,42,04,19,159,41,15,12,041,42*41
Note: the receiver has no external antenna
(Corn planters, step-less adjustment, plant spacing, fuzzy control, monitoring
system, fault alarm)
3 SkyNavSK Single freq | Embedde | NIL USB interface with 9600 baud rate , NMEA
M55 d patch $GPGSV,3,1,12,15,79,333,42,42,50,127,,29,45,263,44,02,36,124,30*7E
antenna $GPGSV,3,2,12,26,36,226,34,05,35,046,22,27,33,161,29,21,16,319,*7D
25 x 25 x $GPGSV,3,3,12,10,15,066,31,18,14,285,45,24,12,319,15,08,09,047,18*7E
4.0 mm
4 GPS Single freq | Internal NIL Mounting type receiver, every 5 Sec: GSV sentences, baud rate 9600
receiver, antenna,
GNS 603 provision
of
external
antenna
5 SUP500F Single freq NIL The receiver is a mounting type with baud rate of 4800
Flash-based $GPGSV,3,1,12,05,54,069,45,12,44,061,44,21,07,184,46,22,78,289,47*72<C
Low-Power R><LF>
$GPGSV,3,2,12,30,65,118,45,09,12,047,37,18,62,157,47,06,08,144,45*7C
6 Garmin Single freq | External 1. Development of | Using the OEM Garmin GPS receiver, for survey techniques whereby the
GPS25-HVS a Low-cost receiver was connected to a geodetic single frequency antenna
(but this type Positioning
receiver is a System Using
discontinued OEM GPS
product) Receivers and
Usability in EEPROM storage, RS 232C, LCD, Geometric size calculations, NMEA data
Surveying
Applications
2. Design of
portable
instrument for
measuring the
agriculture field
size based on GPS
7 GISTM A dual- External The artificial ANN, TEC and Global lonosphere Map (GIM)
Stations frequency neural network as
GPS a model for an
receiver ionospheric TEC
map to serve the
single frequency
receiver
8 1. Globalsat | Single Built-in Localization of PRNS, two dimensional locations and distance, WGS 84,
Technology | freq, antenna Small Mobile
Corporation Robot by Low- The receivers were used on different robot to detect the location of the robotic
GPS Engine Cost GPS system.
Board ET Receiver Leica Geo-systems GPS1200 were used as a reference, while the other 3
312 Jaroslav receivers are used the testing locations of the robots.
2. Global
Top Tech
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Inc.
FGPMMOP
A6B
3. Garmin
International
Inc. GPS 18-
5Hz
4. Leica
Geo-systems
GPS1200
9 Standard Dual freq. External A New Window- 3-D position and receiver clock error, Satellite elevations. Satellite azimuths.
reference Based Program for | Sky plot of observed satellite and DOPs
GPS stations Quality Control of
Receivers GPS Sensing Data
10 SMIGOL GPS L1 Patch Land Geophysical | Interference Pattern Technique (IPT),.
Reflecto- frequency antenna Parameters To produce geophysical parameters (moist soil and vegetation height
meter (1.57542 Retrieval Using
architecture GHz) the Interference
Pattern GNSS-R
Technique
11 Garmin map | Single Patch Integrated 10.2m horizontal accuracy, different measurement accuracy 3.1m, pseudo-
76s built-in approach to range, VDOP and HDOP, WGS 84, coordinate (j , | , h)
with predict confidence
provision | of GPS
of measurement
external
antenna
12 Garmin GPS | Single Built-in Nil NMEA-0183, Update rate less than 2 seconds,
11 Plus frequency antenna
with
provision
of
external
antenna
13 Garmin etrex | Single Built-in 1. Development of | NMEA, SNR, Elevation, azimuth
frequency patch low cost data
antenna acquisition system | Propagation data
for mobile satellite
signal
performance
measurement
2. Characteristics
of mobile satellite
L-band signal in
mid-latitude
region: GPS
approach
14 Garmin Single Built-in Nil NMEA data, update rate less than 2 second
GPSMAP 78 | frequency patch
antenna
15 Garmin 60 Single Built-in Use of Portable Time-activity, data loggers, data format (GDB, Tex, DMS), GPS coordinates,
Garmin frequency patch Global Positioning | personal exposure
Forerunner antenna System (GPS)
201 Devices in
GeoStats Exposure Analysis
GeoLogger for Time-location
Skytrix Measurement
minitracker

MT4100
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Acquisition of MS was conducted by Sunehra in 2013 using
NovAtel GPS receiver which is a dual frequency type and is
equipped with pre-installed software for data logging the
propagation sentences. Dual frequency receivers are among the
most sophisticates and expensive in the class of commercial
available GPS receivers. An experimental study was conducted
using low-cost GPS receivers to detect motion mobile robot on
the basis of precise positioning by Hanzel 2013. He compared
the high-end geodetic receiver (Leica 1200) as a reference to
three selected single frequency receiver (ET 312, FGPMMOPA
6B and GPS 18-5Hz) and found out ET 312 gave the best result
for location positioning. Hedgecock et al, (2013) demonstrated
high-accuracy measurement using positioning algorithm
techniques on low-cost Android phones integrates with GPS
chips and Bluetooth on them. The relative location information
for multiple receivers was achieved.

Handheld GPS receiver was used for precise position by
Scwieger 2003, using Garmin handheld receiver to compute the
phase and code information to get point positioning by
transferring the real time on PC and stored in RINEX file. The
baseline was solved after combining the RINEX file created by
another GPS site and the phase pseudo-ranges were used in the
post processing mode. Commercial single frequency receivers
were used for time time-location measurement in exposure
analysis by Lee et al (2009). Garmin 60, Garmin forerunner 201,
Geostats Geologger and Skytrix mintracker MT 4100 were set
up at various locations stationery and moving vehicles and they
were used to compute the most accurate readings regarding
accuracy applications, whereby Garmin 60 receiver proved more
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these processes is called update rate. Each sentence transmission
takes 2400 baud rate for one complete record, therefore for
Garmin receivers that have an update rate of 2 seconds the baud
rate will be 4800 at port speed setting.

Table 3. Garmin handheld GPS receiver data format

Receiver setting Data format

Garmin Upload / download mapsource

GRMN DGPS Connection to a beacon receiver

NMEA Support input/ output of standard
NMEA 0183 data

None This provides no interfacing
capabilities

RTCM / TEXT This allows SGPS input using a
standard RTCM formant and simple
text (ASCII) output format; time,
position and velocity data

TEXT out Output simple text only (ASCII) that

contains time, position and velocity
data

Table 4. Garmin GPS receiver baud rate setting

Baud rate Character / seconds

300 30

600 60

1200 120

2400 240

4800 480

9600 960
19200 1920
38400 3840

Table 5. Garmin receiver proprietary sentences

accurate than other 3 receivers. Tabl_e 2 shows the d_istribution_ of Sentences Rate of transfer per Character at
coordinates logged when the receivers were stationery using second maximum
distance by the percentage of coordinates logged. The other two GPRMC once per 2 seconds 74
receivers did not log to any point during the experiments. GPGGA once per 2 seconds 82
GPGSA once per 2 seconds 66

Table 2. Coordinates logged when stationery: by distance by GPGSV once per 2 seconds 70

percentage of coordinate logged PGRME once per 2 seconds 35
Distance Garmin 60 Geo logger GPGLL once per 2 seconds 44
in meters GPVTG once per 2 seconds 42
Location CHP! KTCP? CHP!? KTCP? PGRMV once per 2 seconds 32
Om 0% 41% 0% 6% PGRMF once per 2 seconds 82
0-1m 13% 0% 13% 0% PGRMB once per 2 seconds 40
1-5m 81% 59% 68% 68% PGRMT once per 60 seconds 50
5-10 m 0.4% 0% 17% 19%
>10m 0% 0% 2% 3% Conclusion
95" ) 3.8m 2.1m 7.7m 8.0m The question on this review paper willing to address is
percentile whether it is feasible to develop a low-cost data system for

KTCP — Kentuck transport cabinet position
CHP — Campbell house position

Research analysis was carried by Pai et al (2011) using a
portable and cost-effective acquisition system to analyze GPS
propagation signals. The single frequency receiver used for
measurement was Garmin etrax capable of displaying 12
propagation sentences at an update rate of 1 second.

Garmin GPS receivers have their interface settings that
follow any data format by which the sentences can be viewed,
record or save on to the computer. The settings are given in table
3. Most of Garmin Handheld GPS receivers that transmit output
of NMEA sentences at 5Hz frequency when connected to serial
port of RS 232 interface give the following baud rate as shown
in table 4.

The sentences using NMEA settings containing number
characters per each line and will occupy five numeric alphabets;
with the sequence as GPRMC, GPGGA, the completed
proprietary sentences and character is summarized in table 5.
The propagation sentences normally repeat every two seconds,

mobile satellite propagation parameters that can be used for
experimental purposes in a less developed countries such as
Africa and some part of South East Asia. Handheld receivers
were used for various experiments to study dilution of position
(DOP), precise point position (PPP), mapping, farmland
measurement. It also uses in the kinematic studies for moving
object or vehicle and others applications not mentioned in this
paper, but the application for this current research survey is to
utilize the transmission data obtained from GPS signal via
commercial GPS receiver to analyze ionospheric anomalies. The
other high-end GPS receivers like geodetic can have the tracking
of all the satellites in-view at the same time and both frequencies
can be monitored. Also it has a full length on L2 and low phase
noise-low code, having the high sampling rate of L1 and L2 but
is extremely costly for simple and low cost data acquisition
work.

Therefore, an experimental work is essential to be carried
out to investigate the effects and factors such as the tree-
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shadowed and building-shadowed on the signal strength
received from GPS system. These will give communication
service providers and commercial user’s a guide to improve
their services.
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