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GPS Background Material

Introduction

One of the fundamental principles of monitoring and evaluation is ensuring that services and
interventions are effective and adequately address health needs. Knowing the location of the
service or intervention, as well as the population in need, can provide meaningful context
and strengthen the analysis. A vital tool for obtaining location are global positioning system
(GPS) receivers.

‘This document provides an overview of the use of GPS receivers for MEASURE Evaluation
Projects. It is intended to provide standardized data collection protocols as well as training
materials and troubleshooting guides. This toolkit is designed to be taken into the field, along

with the GPS units, and serve as a reference for data collection personnel.

Project Workflow

One of the strengths of GPS data collection is its simplicity. However, this simplicity can be
deceiving, effective use of GPS requires a bit of planning prior to entering the field as well as
some additional effort once field work is complete. Adding the collection of GPS coordinates
to a project can be accomplished with only a minimal additional investment in equipment,
training and extra time while in the field. The workflow in Diagram 1 shows the steps that
should be undertaken when collecting data with a GPS.
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Diagram 1. Data Collection Workflow
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Personnel

There should be at least one person responsible for management of the GPS data.
Ideally, this person holds a senior position and is responsible for ensuring that the
data is collected correctly, as well as overseeing the processing of data that has been
collected. This person can be thought of as the GPS data manager.

In addition to the GPS data manager, there are the data collection personnel. For
small projects, the same person can perform the duties of both the data manager and
data collection unit. Regardless of whether there is a dedicated GPS data manager or
not, the more important issue is that ultimately someone is responsible for checking
the GPS and ensuring its quality.

Pre-Fieldwork

Prior to any data collection certain key decisions have to be made. First, and of
foremost importance, is the design of a data collection strategy. Simply put, this
strategy is a plan for the data collection which answers the following questions
(among others): Who will collect the data? At what stage of the survey will data
collection commence? How will the data be validated?

Also, prior to fieldwork, the individuals responsible for collecting the GPS
coordinates should be trained in the proper protocols. This training should include
material on “How GPS Works,” “Introduction to the GPS Unit,” and “Collection
Protocols.” Lastly, the training should include opportunities for the data collection
team to practice the protocols.
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Diagram 2. GPS Collection Flowchart
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Fieldwork

During fieldwork, the data collection team will use the GPS units to collect
coordinates. If feasible, the data manager should be monitoring all aspects of the
data collection effort to make sure that points are being collected correctly and
that points do not show up outside of the expected project area. If there are data
collection problems, catching them at this stage will make it much easier to correct
problems. Diagram 2 illustrates the flowchart of the steps taken in the field during

GPS data collection.

Post Fieldwork

After fieldwork is complete, the data manager should review the points collected
and validate them, making certain they are within the acceptable ranges. If the data
manager has access to mapping software, an initial map can be created to validate
the locations. If problems are detected, the incorrect coordinates will need to be
corrected. If there are no problems, the data manager should then create an ASCII
text file for the complete set of coordinates.
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GPS Unit

The GPS unit featured in this toolkit is a Garmin GPS 72. This particular model
was selected because of its low cost, reliability and ease of use. The unit is a
recreational grade receiver that is water-resistant, rugged and suitable for a variety of
environments. The unit is powered by two “AA” batteries and has a download port
on the back which allows users to download the stored data directly to a computer.

Antenna

Keypad The back of the Garmin GPS72

A

Download

The front of the Garmin GPS72 Port



GPS Preparation
Before the GPS units are distributed to the team member(s), it is important that they
be properly set up. The following three steps should be completed prior to taking the

receiver into the field.

1) Initialization

If the receiver has not been turned on in the location before, or if it has been powered off
for an extended period of time, the GPS receiver may need to be Initialized. If the receiver
displays the error message POOR SATELLITE RECEPTION, sclect NEW LOCATION
and then select AUTOMATIC from the subsequent dialog box.

ELEVATION ACCURACY ELEVATION ACCURACY
m #‘I m #‘I
Poor Satellite Poor Satellite
Reception Reception

Start Simulator Start Simulator

New Location New Location

B e s S e iy

q g Use Map g

Select this option if you Selectrms opTorT T you

are in another state or are in another state or

country country
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2) System Setup

It is important that the receiver be configured properly before being taken into the field.
There are a variety of settings that may need to be modified. For instance, it is important
that the GPS unit displays the correct coordinate system and uses the proper datum.

MAIN MENU

Press the MENU button twice from any screen to
access the MAIN MENU. From the MAIN MENU
highlight SETUP and press the ENTER button.

Scroll, using the Direction Keypad, untl the

LOCATION tab is highlighted.

From this screen make sure the

LOCATION

FORMAT ficld is set for hddd.ddddd® and the

nel Units} Location]A

Location Format

hddd.ddddd®
[ -

hddd°mm.mmm’
hddd°mm’ss.s"
British Grid
Dutch Grid

[ Finnish Grid —
German Grid

India Zone 0

MAP DATUM is
set for WGS 84.
If the values are
different use the

Direction Keypad
to highlight the

nel Units} Location]A

Location Format

hddd.ddddd°®

Map Datum

| WGS 84
North Reference
| True

Magnetic Variation

field, press the ENTER button and select hddd.
ddddd® from the drop down list and/or WGS 84.



3) Clear Memory of Waypoints

Before beginning data collection in the field, any waypoints stored in the unit’s
memory should be cleared. WARNING: Do not clear waypoints once data
collection has begun without having first downloaded the waypoint file to a
computer. Otherwise, all data that you have collected since your last download

will be lost!

Main Menu

Trip Computer

Tracks

\Points |
Routes

Proximity

Celestial

MapSource Info

System Info

Setup

Light Memory  Power

e (2% | am

Press the MENU button twice from any screen to
access the Main Menu.

From the list of options, highlight POINTS and
press the ENTER button.

From the POINTS submenu, select WAYPOINTS
and press the ENTER
button.

Main Menu

Trip Computer
Tracks

Points
Using Current Location

\Waypoints |
Points of Interest
Cities

Exits

Setup

Light Memory  Power

KR =il ]
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From the WAYPOINTS BY NAME screen, press the MENU button to bring up the

options menu.

Select DELETE ALL from the options presented,

Verify your choice by answering YES to the
question DO YOU REALLY WANT TO DELETE
ALL WAYPOINTS?”

>

-

Waypoints by Name and press the ENTER button.
07_______

= 007 ]

= 008

= 009

810 Waypoints by Name
n
| 007

n 011 v —

Distance| 1099 9.14™ Find Nearest

to find nearest Delete Waypoint

Delete By Symbol

Delete All
for Main Menu

Waypoints by Name
| 007

v

=TT

Distance| 1099 9.14™

MENU] to find nearest

)

Z

Do you really want
to delete all
waypoints

No
UTI I
Distance| 1097 9.14™
(MENU) to find nearest

Yes




Data Collection Using Garmin GPS 72

Once the instructions in the GPS Preparation section have been followed, the user is ready
to capture points using the GPS receiver. This section provides instructions for collection

data.

1) Initialization (OPTIONAL)

Sometimes when the receiver is turned on after being powered off for a long period of
time, or is activated in a location that is far away from where it was last activated, it may
be necessary to reinitialize the receiver. This process was covered in the GPS Preparation
section, but is also presented below for convenience.

If the receiver displays the error message POOR SATELLITE RECEPTION, sclect NEW
LOCATION and then select AUTOMATIC from the subsequent dialog box.

ELEVATION ACCURACY ELEVATION ACCURACY
m rl}] m rl;]
Poor Satellite Poor Satellite
Reception Reception
Start Simulator Start Simulator
New Location New Location
Slored wio Batieies || o e eres
q 9 Use Map 9
Select this option if you SelectrmsopTorTmyou
are in another state or are in another state or
country country
- T Q - T __O
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2) Data Collection Steps

The Garmin GPS72 utilizes a 360° antenna, which means that the best reception
can be obtained by holding the GPS unit perpendicular to the ground.

v

The improper way to hold the Garmin GPS72

When first turned

on, the receiver

The proper way to hold the will display the
Garmin GPS72 SATELLITE
POSITION

page. This screen can be used to determine the
number of satellites the Garmin 72 is receiving signals
from, as well as where in the sky the satellites are. The
sky map section of the SATELLITE POSITION
page is in the left section of the screen and has a dot
in the center of the sky map which represents the area
of the sky directly overhead of the receiver. The
middle ring represents 45 degrees above the horizon

ELEVATION ACCURACY
K

m

m

Acquiring Satellites

010611141620

222530 mmmeam

06-SEP 10:10:21%




and the outer ring corresponds to the horizon. The sky map also provides a
directional indicator for North, South, East and West. The user can read the sky

map to determine if sections of the sky might be
blocking reception of satellite signals.

Once enough satellites have been locked onto
and an accurate coordinate can be calculated, the
screen will display 3D GPS LOCATION.

Note: Make sure the screen displays cither 3D
GPS LOCATION or 2D GPS LOCATION
before collecting points. 3D GPS LOCATION
will provide a more accurate coordinate, so it
is worth waiting to allow the unit to switch to

ELEVATION ACCURACY

149.8"| 4.8

3D GPS Location

N
N
aﬂ/ Hi] 010611141620
W “m i
\\gﬁﬂ/ 222530 mmcmn
06-SEP 10:10:23%

3D GPS LOCATION.

If after five minutes

Waypoint
| m | 756DE
| 05-SEP-06 09:27

Location

N 36.06576°
W078.91367°

Elevation

[190m I g
|7 Show Name on Maps

Goto | Map |

N 36.05576°
the screen does W078-91376°
not indicate 3D

GPS LOCATION, follow the steps in the
Troubleshooting section of this guide.

From the SATELLITE POSITION page, press and
hold the ENTER button until the WAYPOINT
screen appears.

Use the direction keypad to highlight the waypoint
ID number and press the ENTER button. Enter
the appropriate ID number and press the ENTER
button again to save the number.
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While still in the WAYPOINT SCREEN, press
the MENU button and highlight the AVERAGE
LOCATION cntry on the submenu that appears
and press the ENTER buctton.

This begins the point averaging process. During
this process, the receiver is automatically
recording a coordinate, once every second, and
then averaging coordinates to derive a more
accurate location.

It is important that the GPS operator not move
from their position, or block the antenna of the
receiver while

Average Location
Location

N 36.05598° |
W078.91376°

Estimated Accuracy
[11.3m
Elevation
[133m™ i

Measurement Count

[179
I

point averaging

is occurring.

COUNT is 180.

72 R 1 A | el

Waypoint

= | 756DE

—

Project Location
Delete Waypoint

Append To Route
for Main Menu

—_1m

Average Location

|7 Show Name on Maps

Goto | Map |

On the AVERAGE LOCATION SCREEN,
the MEASUREMENT COUNT field tracks
the number of points being collected. Continue
collecting points until the MEASUREMENT




When 180 points have been collected, make sure the word SAVE is highlighted
and press the ENTER button. At this point, the screen will revert back to the
WAYPOINT SCREEN. The coordinate that displays in the LOCATION ficld
represents the averaged location. This is this coordinate that should be recorded.

For instance, the coordinate to the right would be recorded as:

N for the latitude direction and 36.05576 for the latitude coordinate; and
W for the longitude direction and 78.91367 for the longitude coordinate.

Once the coordinates have been recorded, the unit can be turned off.

Waypoint
| m | 756DE
| 05-SEP-06 09:27

Location
N 36.05576°
W078.91367°

Elevation Depth
[190m | m

|7 Show Name on Maps

Goto | Map |
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To review, below are the 10 steps to follow for successful data collection

using the Garmin GPS72.

1. Turn on the receiver.

2. Initialize the receiver, if needed.

3. Acquire satellites until 2 3D GPS LOCATION is obtained.

4. Press the ENTER button until the WAYPOINT screen appears.

5. Enter the appropriate ID value in the WAYPOINT ID field.

6.  Press the MENU button and highlicht AVERAGE
LOCATION.

7.  Collect data until the MEASUREMENT COUNT is 1380.

8.  SAVE the averaged coordinate.

9.  Record the coordinate displayed on the GPS log or the survey

form.

10. Turn off the GPS receiver.



GPS Troubleshooting o

It is difficult to anticipate every potential problem that might arise with GPS <
receivers; however there are certain situations that can be easily resolved. This section E
presents some of the most basic troubleshooting that may be necessary. For more &
information about the receiver and its operation refer to the operating manual for 3
the GPS 72. %
. =

1) Replace Batteries
The Garmin GPS72 operates on two “AA” batteries. ;
These should be replaced when the battery indicator - WMaln/Menu
on the MAIN MENU screen indicates a low battery. Trip Computer

Tracks
The batteries can be replaced by turning the metal
ring on the back of the unit, one-quarter turn, and ROUt_es_
pulling the rubberized battery cover off. PrOXIn'_IIty

Celestial
Once the new batteries have been inserted, replace I\SllapSource Inf
the cover. ystem |nfo
Setup
Light Memory Power
e r )

Battery Indicator

Rubberized
Battery Cover
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2) Poor Satellite Reception

If the receiver is having difficulty acquiring signals
from enough GPS satellites it will display the POOR
SATELLITE RECEPTION crror message. There are
multiple possible reasons why the receiver could be having
difficulty with the signal. One possible reason could be
the receiver’s view of the horizon is blocked by buildings,
trees or other obstacles. If this is a problem, then it will be
necessary to move slighty to try and avoid the obstacle.
"The survey team can use the sky map on the SATELLITE
POSITION page to help determine areas of the sky where
no satellite signals are being received. If there are obstacles
such as tree canopies, buildings or other structures blocking
that section of the sky; the survey team can move to obtain

ELEVATION

m

ACCURACY
k

m

Poor Satellite
Reception

Start Simulator
Stored w/o Batteries
Continue Acquiring
Select this option if you

are in another state or
country

aclearer view of the sky. The survey team should not move more than 20 meters. After moving,
the user can highlight CONTINUE ACQUIRING and try to obtain a signal.

Another reason the receiver might have difficulty obtaining satellite signals is because the unit is
not being held perpendicular to the ground. The antenna for the Garmin GPS 72 is designed
to receive signals using both the front and back of the receiver. If the unit is held parallel to the

ground, instead of perpendicular,

the receiver can have difficulty v

locking in on satellites. The solution
for this is to make sure to hold the

unit perpendicular to the ground. ‘\;
—— !
Proper hold

X

Improper hold



‘The other reason the receiver might display the POOR SATELLITE RECEPTION crror
message is due to the position of satellites in the sky. On rare occasions the satellites may
be arranged in a manner that limits the number of satellites visible overhead. If there are
no obvious obstacles in the sky; it is possible that poor satellite geometry is responsible. The
survey team can use the sky map on the satellite position page to verify where the satellites
are and determine their signal strength. The only solution for this problem is to wait for the
satellites to change position or for additional satellites to become visible. In this situation,
the survey team may have to wait an hour or possibly revisit the site at a later time. It
should be noted that this is quite a rare occurrence. The other troubleshooting steps should
be attempted before assuming that the satellite geometry is poor.

3) Clear Waypoints
The Garmin GPS72 will hold 500 waypoints, so it is

unlikely that the memory would get full, however it is Main Menu
a good idea to clear the waypoints stored in memory Trip Computer
before beginning a new project. WARNING: Do Tracks
not clear waypoints once data collection has begun \Points |
without having first downloaded the waypoint file to Ro Ut.es.
a computer. Otherwise, all data collected will be lost! Proxm_1|ty
Celestial
Press the MENU button twice from any screen to MapSource Info
access the MAIN MENU. System Info
Setup

From the list of options, highlicht POINTS and press Light Memory  Power

the ENTER button. (] L]
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From the POINTS submenu, select WAYPOINTS and press the ENTER button.

Main Menu

Trip Computer

menu.

Points
Using Current Locati

Waypoints by Name

From the WAYPOINTS BY NAME screen,
press the MENU button to bring up the options

Select DELETE ALL from
the options presented.

W07 ____
Points of Interest = 007 =
Cities Waypoints by Name
Exits = 008
Setup 1007
Li = 009 =
ight Memory ol .
[ ||=010 Find Nearest | VJaypoints by Name
H =011 Delete Waypoin |007
Delete By Syml =
Distance| 1099 Delete All 007 =
to find neg [‘w for Main Mé} to ¥:lé£|eeatﬂyawant
H waypoints
Distance | 1097 9
After pressing the ENTER button, (MENU) to find neare] No |
verify your choice by answering UTT i
YES to tl’lC unStiOﬂ DO YOU Distance 1090 9 14m
REALLY WANT TO DELETE ALL L '
WAYPOINTS? to find nearest




Download GPS Coordinates

The coordinates stored by the GPS receiver can be downloaded using the program,
GPS Utility.

1) Connect Download Cable

The first step when downloading data from the GPS receiver is to connect the
download cable to the GPS unit. To do this, pull back the rubberized flap on the
back of the GPS receiver to reveal the
connection port for the download cable
and insert the cable.

The download cable should connect to
the COM port of the computer.

|

First, connect the
download cable to the
GPS unit.

Next, connect the down-
load cable to the COM
port on your computer.

23
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2) Start the Downloading Software

‘The program Garmap2 can be used to transfer files from the receiver to the computer.

1. Start Garmap2.
2. Turn on the GPS unit.

3. Select PREFERENCE from the OPTION MENU and make sure that the
setting for COORD FMT is sct for DEGREE.

FYpreference @

CONdhd Line Calar Coard Frt
port | GOk A - * Degree
e
max speed (115200 - -
o
UM
Penwidth 4
Track =
,—‘ : > Il
Raute 2 L
¢ Il
Trace lcon
9
e, HANGGLIDER -
8 F 5
L
Waypaint Golor




4. Select DOWNLOAD from the GPS MENU

[ [TEONITEN e Postion

F0.00km__ v=20037 Sikn

Next, make sure that only WAYPOINTS and the MAP DATUM value is WGS84.
You can also declare which COM port the GPS unit is connected to. Once that
is done click OK. After the data has been downloaded from the receiver using
Garmap2, it should be saved and backed-up to a CD or floppy disk.

Download

I Track WMap Datum [iyes a4 -

v Waypaint

I~ Foute Eomport oot jv
Time Zone Offset [hr] |5 ﬂ

o
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5.

‘The program will download all of the waypoints in the receiver and display them in
amap. You can use this map to perform a spot check to ensure that the points are
in the correct relationship to each other.

M Garmap2.
Fle Edt Vew G5 Oplicn Window Heb

D)o =@ @@ zls|m

FENONAMED

0
SGRMEUR

e
aIERs

SGRMTUN
hUMBal

L

o435 26km_V=1039%.15km

M Gormap2
G Edt View GPS Option Window Help
i L@ B3|
Recpenhen

e e g

Save As HGAMEUR

[

-
T ki

v

BGRMTUN

Ext hiuMBAl

iouRs

Het495.06km_V=1033%.150m




Next, make sure that the entry in the SAVE AS TYPE box is set for Text. Then,
enter the file name and click the SAVE button on the dialog box.

Export Waypoint Data

Save in, | @ Desktop

(jMy Documents (o) Sharteut ta m2
'\J My Computer

&AMy Natwork Places

[)LogisticsDioc

1] garmaptest. txt

[ shorteut ko kernel

=]

File name: [ Save

Cancel |

Save as type: ‘ Tt file [* bet) j

FOT fie " pot]
PG file [ wpl]

7. Exit Garmap2. Click the YES button on the dialog box that asks DISCARD
CHANGING?

confirmation

Discard changing?

|
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Troubleshooting Garmap2
If the program cannot download the waypoints, there are several items to check:

1. Make sure the program is set to use the correct COM port.
2. Check the cable and make sure the connections to the GPS unit and computer are

secure.
3. Make sure the GPS unit is turned on.

Processing an Exported File

The text file created by Garmap2 can be imported into a mapping program such as
ArcGIS, HealthMapper, or SIGEPI. Users can refer to the instructions of their mapping
program for detailed guidance on how to import an ASCII text file.



Conclusion

If proper planning takes place prior to fieldwork, GPS data collection can be an easy, cost-
effective way of adding a locational component to data. The steps required to collect data
are relatively simple and the burden on the field team is minimal.

It is important, however, to remember that if proper data collection protocols aren’t
followed, GPS collected data can turn out to be unusable. Users should follow the
workflows in Diagrams 1 and 2 as a guide to help them as they plan and execute a GPS
data collection project, and remember the ten steps for GPS data collection:

Turn on the receiver.

Initialize the receiver, if needed.

Acquire satellites until a 3D GPS LOCATION is obtained.
Press the ENTER button until the WAYPOINT screen appears.
Enter the appropriate ID value in the WAYPOINT ID field.
Press the MENU button and highlight AVERAGE LOCATION.
Collect data until the MEASUREMENT COUNT is 130.

SAVE the averaged coordinate.

Y ® N Wk R

Record the coordinate displayed on the GPS log or the survey form.
10. Turn off the GPS receiver.

MEASURE Evaluation
GPS Toolkit






MEASURE Evaluation
Carolina Population Center
University of North Carolina at Chapel Hill
206 West Franklin Street
Chapel Hill, NC 27516-3997
Phone: 919/966-7482
Fox: 919/966-2391

http://www.cpc.unc.edu/measure



