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1. Introduction

Land use concerns the activities undertaken otatiekin order to obtain benefits
from it. However, certain land use activities cobltve undesirable effects (e.g. land
degradation). Knowledge of land-use practicesasafore crucial for defining various
interventions (e.g. policies, investment strategiésice of sustainable technologies,
etc.) that would lead to desirable modification&aw land is managed in order to
better meet societal needs. In particular, landnfeemation is needed by countries
in order implement action programs related to #tt@evement of the Millennium
Development Goals 1 and 7 and a range of actiwtiggn the framework of various
global environmental conventions, such as the driitations Convention to Combat
Desertification (UNCCD) and the United Nations Feamork Convention on Climate
Change (UNFCC). Despite its importance, very ligfiebal to regional land-use
information, based on actual observations, curyesxists.

The work to be carried out in this study aims teIstSAGLL in developing a

prototype hand-held, automated, field data entoytteat can easily be adapted to
varying data collection needs during land-use stgvwehich could be used as a basis
for appropriate policy formulation at various s&land also be a crucial input in the
formulation of remedial measures in land degradeadissessment studies, such as
LADA.

It is understood that to undertake a land use suthere is first an essential
requirement to identify policy needs for implemegtsuch a methodology at an
operational level for an entire country. Then, iadle classification scheme will be
defined that will enable the acquisition of the egsary data to fulfil these policy
requirements.

It was not possible to include this initial steppast of this study, but the authors were
careful to define the main lines of enquiry to eedihat the classification
methodology adopted could be easily adapted tonactmmate policy needs. Also,
although other types of surveys will be reviewée, prototype data collection system
developed as part of this work, is based aroundirat gample similar to that applied
as part of the LUCAS survey in Europe.

A manual describing the steps to be carried ounttertake a field survey based on
the selected GPS data collection unit and supgb@enple data dictionary is
available in Appendix A.
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2. Classification scheme

2.1. Background

Classification is the process by which featureshmaallocated to defined categories
by matching their attributes to individual categdefinitions through the use of
diagnostic criteria. This produces a simplifiedresgentation of reality. Each category
in the classification will normally be assignedame and description, providing the
user with the information required to interpret thassification result. The diagnostic
criteria used in the classification should be ¢lpaecise, preferably quantitative and
objective.

Land classification systems have been developeohémy purposes, for example,
characterisation of soils, land capability assesgnt@nd suitability assessment, land
cover and land use mapping. It is the latter twaneples that are pertinent to this
report. A common requirement for these types adsifecation is that they should be
scale independent i.e. the categories can be dppliany mapping scale, and source
independent i.e. a range of data sources couldde to collect information.

Many attempts have been made to develop land @ncetand use classifications.
Land cover is théobserved (bio)physical cover of the ear(RAO, 2005).The Land
Cover Classification System (LCCS) (FAO, 2005)asfulated on the principle of
defining land cover classes by the combination sdteof diagnostic criteria or
‘classifiers. Class boundaries are determined by either theepoe of one or more
distinctive criteria or the number of criteria us@tlis takes the emphasis away from
the class name and focuses on the mix of crit€ha.advantage of this approach is
that it removes much of the subjectivity often assted with a user applying class
names and descriptions to land cover classification

The classification is hierarchical and has two npdiases: th®ichotomous Phase
and theModular-Hierarchical PhaseThe initial phase is used to identify eight main
land cover classes (FAO, 2005):

» Cultivated and Managed Terrestrial Areas

* Natural and Semi-Natural Terrestrial Vegetation

» Cultivated Aquatic or Regularly Flooded Areas

» Natural and Semi-Natural Aquatic or Regularly Fledd/egetation
» Artificial Surfaces and Associated Areas

* Bare Areas

» Atrtificial Water Bodies, Snow and Ice

* Natural Water Bodies, Snow and Ice

Three diagnostic criteria are used to define tluéssses: presence of vegetation,
edaphic condition and artificiality of cover (FAQ05).

The Modular-Hierarchical Phase creates more préarmecover classes through
combinations of sets of pure land cover classifiehe set of classifiers used for each
main land cover class is different. Informationnfréthe classifiers can be augmented
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by reference to further attributes of the land coV¥éese could be environmental (e.g.
climate, landform, altitude, soils) and/or speciéchnical attributes (e.g. crop type,
soil type, salinity).

Land use refers tdhie human activities which are related to land, mghkuse of its
resources and having an impact uponoung, 1998). It is the classification of land
use that forms the main focus of this section efréport. The following subsections
propose a demonstration data dictionary that isdapon theclassifier’ principle
outlined above.

The land cover and land use classification methagiet below have been selected on
the basis of their potential incorporation intaedd data collection device. They meet
the requirements set out above and represent nfubk ourrent thinking on land
cover and land use classification.

2.2. Land Use Classification

2.2.1. Background

As has been stated by several authors (Duhames, ti@Bie, 1996, Young, 1998),
no universally accepted land use classificationdessn developed. Duhamel (1998),
in particular, analyses the development of landalessifications and his findings are
neatly summarised in Jansen (2005). However, masgifications have been
formulated within individual countries to meet lboaeds. Class names may be the
same or similar between different classificationsdetailed examination may reveal
distinct definitional variation. This feature mates against their use as a ‘reference’
or international classification that will be accaple to all.

It is often the case that national classificatitailto classify pure land use classes;
mixtures of land cover and land use are found witkass names and definitions. To
a large extent this has come about because of éllgonis used to collect the land use
data. Many land use surveys have used remotelgdeatata because it can be a cost
effective means of mapping large areas of land. @@n only some degree of land
use can be inferred from this data by the usegif hesolution data sources such as
aerial photography. Even ground survey may notibe te identify some land uses,
for example, is a forest being used for timber patn? Within the original LUCAS
survey methodology implemented within Europe, laoder and land use are treated
separately. The adaptation of the LUCAS methodojmgyosed in this report applies
this concept within the demonstration data dictigna

Land use is more complex in concept than land coMse’ can be viewed from
different perspectives. For example, there can l&t v¢ often termed a ‘functional’

use that describes the purpose of the use, ogaeséial’ use that describes the
operations that take place at the point of obsemdlYoung, 1998). It is suggested by
Young (1998) that both need to be included in asifecation intended for a wide
range of purposes. The US Land Based Classific&tandards (LBCS) adopt this
approach and expand the range of use perspectiva@isnensions’ (LBCS, 2006). It

is sufficiently flexible that ‘dimensions’ can bdaed or dropped according to the
purpose of the survey. Within each dimension las&l aategories can be arranged in a
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hierarchy. Jansen and Gregorio (2003) and Jan§&®)2lso categorise land use on
the basis of ‘function’ and ‘activity’ and demoreti the successful implementation
of these concepts in Kenya and Albania, respegtiv€lassifiers’ can be developed
from this concept, adopting the approach usedearLtbCS, which can be combined
in various ways to characterise land use.

Another concept of importance in land use classifon is that of ‘multiple use’, for
example, forestry areas may perform a productioctfan as well as provide a
recreational use. The LANES (1997) programme dsftheee factors of multiple use
that should be considered: mapping scale of ob8ervavertical superimposition of
uses, and temporal mixtures. In some classificatioaltiple use is not considered
(Remmezwaal, 1989). In other classifications thgra@ch is to record what is
considered to be the dominant use (ECE-UN, 1988k may be explicitly defined or
implicitly assumed. An alternative is to use a pata approach (Duhamel, 1998). The
standard LUCAS proforma makes provision for therdmg of multiple land uses.
There should be no calculation of pro-rata. In fogfeneous areas, concepts of
physiognomic importance and dominance are usedgiaty 2003). The land use
classification adopted should reflect this prouisiaithin the LUCAS methodology.

2.2.2. Proposed classification approach

The potential number of land use categories thaliddoe applicable at continental,
regional or national scale is very large. As hasaaly been identified, it is unlikely
that an agreed set of categories and definitiontddoe formulated that would satisfy
all purposes given that government policy is oianajor factor driving forward land
use classification and this varies from countrgdaantry and over time. Because
policy is subject to change spatially and tempuwridlis therefore desirable to
implement classification approaches that can aagitanging policy environments.
This is a strength of thelassifier’ approach inherent within the LCCS. Data
collected using this method can be formulated stémdard or user defined land cover
classes. The same principle can be applied todaaclassification and
characterisation.

Jansen and Di Gregorio (2003) have applied thiscgmh to an area in Kenya. Land
use was derived from remotely sensed imagery stgapoy field survey and mapped
at 1:200,000 scale. The LCCS was used to deteramecover by interpretation of
the imagery and from this classification a setedision rules were established to
define land use classes. These studies supparotizept of usin¢classifiers’ for

land use classification.

The classification contained within the demonstratlata dictionary given below
incorporates land use classification (derived fidoung (1998)), land use
characterisation and the LCCS (FAO, 2005) and adihyet principle of using
‘classifiers'.

2.2.3. Demonstration data dictionary

Table 2.1 presents a demonstration data dictiotmatycan be incorporated within a
GPS. The LCCS component of the data dictionary ordipdes three of the tertiary
level dichotomous phases. These are considerazttmat for the majority of land
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cover types found within agricultural areas. Thaaeing phases at this levieim the
LCCS classification

can be added to the data dictionary if required.
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Table 2.1: Demonstration data dictionary

Site Identification Number (required)

Survey Time (Automatic)
Survey Date (Automatic)
Simplified LU classification

Conservation
Total
Partial
Collection
Plant products
Animal products
Forestry
Management — Natural forests
Forest plantations
Livestock production
Extensive grazing
Intensive grazing
Confined livestock production

N/A
N/A
N/A

LUCON1
LUCON2

LUCOL1
LUCOL2

LUFOR1
LUFOR2

LULIV1
LULIV2
LULIV3

Crop production
Shifting cultivation
Temporary cultivation
Permanent cropping
Wetland cultivation
Confined crop production

Fisheries production
Fishing (capture)

Aqua-culture

Recreation

Mineral extraction
Mining
Quarying

LUCRP1
LUCRP2
LUCRP3
LUCRP4
LUCRPS

LUFIS1
LUFIS2
LUREC

LUMIN1
LUMINZ2

Settlement
Residential
Commercial
Industrial
Infrastructure
Use restricted by security
Other

LUSET1
LUSET2
LWBET3

LUSET4

LUSET

LUOTH

Automated Geo-referenced data entry for agricultarad use
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Agricultural LU Characterisation
CROPS
Crop Type (required)

Avocados CT 572 Grapefruit and Pomelos CT_507 Peas, Green CT 417
Bambara Beans CT_203 Grapes CT_56p Pepper, White/Long/Black CT_687
Bananas CT_486 Green Corn (Maize) CT 684 Pigeon Peas CT_197
Beans, Dry CT_176 Groundnuts in Shell T 242 Pimento, Allspice CT_689
Beans, Green CT_414 Kapok Fibre CT_773 Pineapples CT_574
Broad Beans, Dry CT 181 Kapokseed in She CT 311 Plantains CT_489
Broad Beans, Green CT_420 Karite Nuts k®anuts) CT_263 Plums CT 536
Cabbages CT_358 Kolanuts CT_224 tBtwes CT_116
Canary Seed CT_ 101 Lemons and Limes ca97 Pulses nes. CT 211
Cantaloupes and other Melons CT_568 Latst CT_201 Pumpkins, Squash, Gourds CT_394
Carrots CT_426 Lettuce CT 372 Ric®addy CT_ 27
Cashew Nuts CT_217 Maize CT_56 Re@nd Tubers nes CT_149
Cashewapple CT_591 Mangoes CT_571 Seed Cotton CT_328
Cassava CT_125 Melonseed CT_299 s&wee Seed CT_289
Cereals nes. CT_108 Millet CT_79 Bthum CT_83
Cherries CT 531 Mixed Grain CT_103 Soybeans CT_236
Cherries, Sour CT_530 Mushrooms CT_449 Spices nes. CT_723
Chick-Peas CT_ 191 Mustard Seed CT_29p Spinach CT_373
Chillies and Peppers, Green CT_401 Natar Gums CT_839 Stone Fruit nes., Fresh CT b4
Citrus Fruit nes. CT 512 Natural Rubber CT_836 String Beans CT 423
Cocoa Beans CT_661 Nutmeg, Mace, Cardansmo CT_702 Sugar Cane CT_156
Coconuts CT_249 Nuts nes. CT_23f daw Crops nes. CT_161
Coffee, Green CT_656 Oil Palm Fruit CT254 Sweet Potatoes CT 122
Cow Peas, Dry CT_195 Oilseeds nes. CT93] Tangerines, Mandarines, Clementines, Satsumma CT_495
Cucumbers and Gherkins CT_397 Okra CT 3D Taro (Coco Yam) CT_136
Eggplants CT_399 Olives CT_26( Tea CT_667
Fibre Crops nes. CT 821 Onions and Shatty Green CT_402 Tobacco Leaves CT_826
Flax Fibre and Tow CT 773 Onions, Dry T 403 Tomatoes CT _388
Fonio CT_94 Oranges CT_49 Vegetab Fresh nes. CT_463
Fruit Tropical, Fresh nes. CT_603 Papaya CT_600 Watermelons CT_567
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Garlic CT_406 Peaches and Nectarines C334 Yams CT_137
Ginger CT_720 Pears CT 52 Yaut{€ocoyam) CT_135
Gooseberries CT_549 Peas, Dry CT 1 Other CT_999
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Agricultural LU Characterisation
CROPS
Crop Systems
Bush fallow (shifting cultivation)
Multiple cropping

Crop rotation
Improved cultivars
Agro-forestry

Controlled environment
(greenhouse)
Pest/weeds
Pesticides

Fungicides
weed control
Biological control

Nutrients
Organic fertilizer
Mineral fertiliser
Other soil amendments
Erosion
Tillage

Levelling; contour tillage; terracing ER2

Cover crops
Crop residue incorporation
Power Sources

Cs1
CS2

CS3

CS4

CS5

CS6

PW1

PWZ

PW3

PWA4

NU1

NU2

NU3

ER1

ER3
ER4

Water Management (Irrigation)
Rinfed
Non-equipped cultiated wetlands & inland valley
bottoms

Non-equipped flood resion cropping
Equipped cultivatd wetlands & inland valley bottoms
Equipped flood recessiocropping

Full/partial control irrigation (surface, sprinkler,
localized)

Spate irrigation

Adequate drainage of excess water

Other

LIVESTOCK

Livestock Types
Asses
Beehives
Cattle
Chickens

Goats
Pigs

Poultry Birds
Sheep

WM1
WM2

WM3

WM4
WM5S
WM6

WM7
WM8

WM9

LV_1107
LV_1181
LV_866

LV_1057
LV_1016
LV_1034

LV_2029
LV_976

Cattle Management
Open grazing
Fenced pastures
Stall-fed

Improved pastures

Significant share of imported beeds CM5

Water resources (adequate access?)

Feed (adequate access?)
Qi (adequate access?)

Extension services (adequate
access?)

Veterinary services (adequate
access?)

Drugs; vaccinations (adequate
access?)

CM1
CM2

CM3

CM4

CM

CM
CM8

CM9

CM10

CM11

7
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Manual PS1
Animal PS2
Mechanized means PS
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Agricultural LU Characterisation
FORESTRY
Timber Exploitation
clearing
selective felling
group felling
strip felling
Harvest Technology

manual
chainsaw
mechanized

Automated Geo-referenced data entry for agricultarad use

Code

TE1

TE2
TES3
TE4

HT1
HT2
HT3

Season Extracted
Dry season extraction
Rain season extraoh
Silviculture
crown thinning, selectie cutting
freeing from threatening trees, plants

enrichment
sanitary cuttings

SE]
SE2

SL1
SL2

SL3
SL4

Disturbance
protected area
exploitation via mgmt plans

many products without mgmt. plans
high rate of deforestation
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Land Cover Classification System

A1l - CULTIVATED & MANAGED LANDS

I. A. Life Form of the Main Crop
Trees
Broadleaved
Needleleaved
Evergreen
Deciduous
Shrubs
Broadleaved
Needleleaved
Evergreen
Deciduous
Herbaceous
Graminoids
Non-Graminoids
Urban Vegetated Area(s)
Parks
Parkland
Lawns
B. Spatial Aspect - Size
Large-to Medium-Sized Field(s)

Large-Sized Field(s)
Medium-Sized Field(s)
Small-Sized Field(s)

B. Spatial Aspect - Distribution
Continuous
Scatterred Clustered
Scattered Isolated

Code

Al
A7
A8
A9
A10
A2
A7
A8
A9
A10
A3
A4
A5
A6
All
Al12
Al3

Bl
B3
B4
B2
BS
B6
B7

Il. C. Crop Combination
Single Crop
Multiple Crop
One Additional Crop
Trees
Shrubs
Herbaceous Terrestrial
Herbaceous Aquatic
Simultaneous
Overlapping
Sequential
Trees
Shrubs
Graminoids
Non-graminoids
Simulltaneous
Overlapping
Sequential

Ill. D. Cultural Practices - Water Supply

Rainfed
Post-flooding
Irrigated
Surfacerrigation
Sprinkler Irrigation
Drip Irrigation

C1
C2
C3
C5
C6
C7
Cc8
C17
C18
C19
C13
Cl4
C15
C16
C17
C18
C19

D1
D2
D3
D4
D5

D. Cult. Practices - Cult. Time Factor
Shifting Cultivcation
Fallow System
Permanent Cultivation

S. Crop Type
Food Crops
Cereals (& Pseadereals)
Roots & Tubers
Pulses & Vegetables
Fruit & Nuts
Fodder Crops
Beverag & Stimulants
Other
Non-Food Crops
Industrial Crops
Wood/Timber
Other

D7
D8
D9

S1
S3
S4
S5
S6
S7
S8
S13
S2
S9
S1d
S14
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Land Cover Classification System Code
Al12 — Nat. & Semi-Nat. Terrestrial Veg.
I. A Life Form of the Main Strata
Woody Al 3-0.03 m B4 G. Cover - Second Layer
Trees A3 3-0.3m B1}% Closed To Open F7
Shrubs A4 3-0.8 m B1} Gkl (> 70-60%) F8
Herbaceous A2 0.8-0.3m B14 Open (70-620-10%) F9
Forbs A5 0.3-0.03 m B13 Sparse (20-10 - 1%) F10
Graminoids A6 | C. Spatial Distribution/Macropattern H. Height - Second Layer
Lichens/ Mosses A7 Continuous C1 7-2 m(for Woody) G1
Lichens A7 Fragmented c2 >30-3 m G2
Mosses A9 Striped C4 >14 m G
A. Cover Cellular C5 14-7m G6
Closed(> 70-60%) A10 Parklike Patches C3 7-3m G7
Open(70-60 - 20-10%) A1l | Il. D. Leaf Type 5-0.3m G3
(70-60 - 40%) Al2} Broadleaved D1 5-2m G8
(40-20 - 10%) Al3 Needleleaved D2 2-0.5m G9
Closed to Ope(iL00 -15%) A20 Aphyllous D3 <05m G1(
(100-40%) A21] E. Leaf phenology 3-0.03m G4
Spars€20-10 - 1%) Al4 Evergreen El 3-0.3m G1]
(<20-10 - 4%) Al5 Semi-Evergreen E4 0.3-0.03 m Gl
Scattered (4-1%) Al16] Deciduous E2 F. Stratification - Third Layer
B. Height Semi-Deciduous E4 | Third Layer Absent F1
7-2 m(for Woody) B1 Mixed E3 Third Layer Present F2
>30-3 m(for Trees) B2 Mixed (for Forbs/Graminoids) E5 Woody F3
>14m B5 Annual E6 Trees F4
14-7 m B6 Perennial E7 Shrsib F5
7-3 B7 | Ill. F. Stratification - Second Layer Herbaceous F4
5-0.3m B3 Second Layer Absent F1 G. Cover - Third Layer
5-05m B14] Second Layer Present F2 Closed To Open F7
5-2m B8 | Woody F3 Closed (> 70-60%) F8
2-0.5m B9 Trees F4 OpefD-60 - 20-10%) F9
<0.5m B10 Shrubs F5| Sparse (20-10 - 5%) F10
Herbaceous F4
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Land Cover Classification System

Code

Al12 — Nat. & Semi-Nat. Terrestrial Veg.

H. Height - Third Layer
7-2 m(for Woody)
>30-3m

>14 m

14-7m

7-3m
5-0.3m

5-2m

2-05m

<05m
3-0.03m

3-0.3m

0.3-0.03 m

Gl
G2
G5
G6
G7
G3
G8
G9
G10
G4
G11
G12

T. FLORISTIC ASPECT
Single Plant Species
Dominant Species
Most Frequent Species
Groups of Plant Species
Statistically Derived Groups
Non-Statistically Derived

Code

T1
T3
T4

T2

T5
T6

Automated Geo-referenced data entry for agricultarad use
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Land Cover Classification System Code
A23 — CULTIVATED AQUATIC AREAS

| A. Life Form of the Main Crop

Graminoids Al

Non-Graminoids A2

Woody A3

B. Spatial Aspect - Size

Large-To Medium-Sized Field(s) B1
Large-Sized Field(s) B3
Medium-Sized Field(s) B4
S mall-Sized Field(s) B2

B. Spatial Distribution

Continuous B5

Scattered Clustered B6

Scattered Isolated B7

Il C. Water Seasonality

Persistent for Whole Day C1

With Daily Variations Cc2

Waterlogged C3

[l D. Cultural Practices - Fallow period

Permanent D1
Relay Intercropping D2
Sequential D3

S. CROP TYPE
Food Crops
Cereals
Fodder Crops
Other
Non-Food Crops
Crops for Biolagal Filtration
Fibre Crops an8tructural Mat.
Other

Code|

S1
S3
S7
S13

S2

S11

S12

S14
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Land Cover Classification System Code
ENVIRONMENTAL ATTRIBUTES
L Landform
Level Land L1 Pyroclastic rock M140 Calcareous rock M23(
Sloping Land L2 Ash M141] Marl M231
Steep Land L3 Lapilli M142 Calcilutite M232
Land With Composite Landforms L4 Scoria M143 Calcarenite M233
Tuff M144 Calcirudite M234
M. Lithology Ignimbrite M145 Algal/reefal limestone M234
Igneous rock M100 Lahar M146 Travertine M236
Igneous plutonic rock M11d Agglomerate M147 Tufa M237
Granite M111 Other Igneous rock M199 Dolomite M238
Granodiorite M112| Sedimentary rock M200 Evaporite M240
Quartz diorite M113 Unconsolidated clastic sed. Rockvi210 Gypsum M241
Syenite M114 Clay M211 Halite M242
Monzonite M115 Silt M212 Organic rock M250
Diorite M116 Sand M213 Peat M251
Gabbro M117 Gravel M214 Lignite M252
Foidic plutonic rock M118 Loess M211 Coal M253
Ultramatic plutonic rock M119 Loam M216 Tar M254
Igneous hypabyssal rock M12p Colluvium M217 Residual rock M260
Aplite M121 Shells M219 Laterite M261
Pegmatite M123  Cons. clastic siliceous sed. RockM220 Bauxite M262
Porphyry M123 Mudstone M221 Kaolin M263
Dolerite/diabase M124 Siltstone M224  Other Sedimentary rock M299
Igneous volcanic rock M13( Shale M223 Metamorphic rock M300
Rhyolite M131 Quartzararenite M224 Contact metamorphic rock M310
Dacite M134 Litihic arenite M225 Hornfels M311
Trachyte M133 Feldspathice arenite/arkose M226 Spotted slate M31%
Latite M134 Graywacke M227 Skarn M313
Andesite M135 Conglomerate M228§  Cataclastic metamorphic rock M320
Basalt M136 Breccia M229 Cataclastic breccia M32]
Phonolite M137 Mylonite M322
Tephrite M138
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Land Cover Classification System Code
ENVIRONMENTAL ATTRIBUTES
Regional-metamorphic rock M33d
Slate M33] Paleozoic M700| O. Climate
Schist M333 Permian M710| Thermal Climate
Gneiss M33] Carboniferous M720|  Tropics o1
Migmatite M334 Devonian M73(0  Subtropics - Summer rainfall 02
Granulite M335 Silurian M740 Subtropics - Winter Rainfall O3
Eclogite M334 Ordovician M750 Temperate Oceanic 04
Quartzite M337 Cambrian M760 Temperate Continental 05
Marble M338| Precambrian M800 Boreal Oceanic 06
Other metamorphic rock M399| N. Soil Surface Aspect Boreal Continental o7
M. Lithology — Age Geol. Parent Mat. Bare Rock N1 Polar Arctic o8
Quartenary M400| Soil Surface N2 Moisture Determined LGP
Holocene M41( Stony (5 - 40%) N5 Hyperarid 09
Pleistocene M429  Very Stony (40 - 80%) N6 Arid 010
Late Pleistocene M42]L Loose and Shifting SandsN3 Dry Semi-Arid 011
Middle Pleistocene M42%  Stony (5 - 40%) N5 Moisture Semi-Arid O1p
Early Pleistocene M428  With Dunes N7 Subhumid 013
Tertiary M500| Hardpans N4 Humid 014
Piocene M51( I[ronpan/Laterite N8 Perhumid 015
Miocene M520 (petro)Calcic N9
Oligocene M53( PetroGypsic N10
Eocene M54 Hardened Plinthite N11
Paleocene M55D N. Soil — Subsurface Aspect
Mesozoic M600| FAO’s Major Soil Groups N12
Cretaceous M61(
Jurassic M620
Triassic M630)
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Land Cover Classification System Code
ENVIRONMENTAL ATTRIBUTES
P. Altitude
<50-300m P1
<50m P5
50-100 m P6
100 - 300 m pP7
300-1500 m P2
300 -600m P8
600 - 1000 m P9
1000 - 1500 m P10
1500 - 3000 m P3
1500 - 2000 m P11
2000 - 2500 m P12
2500 - 3000 m P13
3000 - > 5000 m P4
3000 - 3500 m P14
3500 - 5000 m P15
>5000 m P16

Q. Erosion
No Visible Erosion Q1
Visible Evidence of ErosionQ2
Water Erosion Q
Sheet Q
Rill Q
Gully Q
Wind Erosion g
Mass Movement Q
R. Water Quality

Fresh Water R1
Brackish Waer R2
Saline Water R3

U. Vegetation

Scattered Vegetation Present
Woody

3 Herbaceous

b Forbs

7/  Graminoids

8 Lichens/Mosses

4 Lichens

b Mosses

W. Crop Cover/Density
Permanent Life Forms:

Closed Cover > (70-60%)

Sparse Cover <(20-10)%
Temporary Life Forms:
High Crop Density (> 60%)

Closed Cover (70-60) - (20-10)% W2

Medium Crop Density (60 - 30%) W5
Low Crop Density (30 - 15%)

ul
u2
U3
us

U6
U4
u7
u§g

Wi}

W3

!

w6
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3. Classification implementation within a GPS device

3.1 Introduction

One of the purposes of this project is to demotestiee acquisition of data required
for land use and cover classification using stath@zPS equipment. Section 5
compares the range of GPS units available andigtgkltheir applicability to the
requirements of this project. Essentially whateiguired is the ability to record data
about land use and cover in the field at specdiogle point locations. Windows CE
based GPS units offer the opportunity to develggpbke data entry applications.
However, the remit of this project requires the okdata entry products supplied as a
standard product with the GPS unit. The followindlioe is therefore based upon this
premise. A more in depth description of the datalwasmstruction and data entry
procedure is provided in Section 3.2.

Several mapping GPS devices offer a utility tolfeate data entry of attributes in
addition to positional information. The terminologsed to describe these utilities
varies between manufacturers, for example, feditonay (Thales/Magellan
MobileMapper) or data dictionary (Trimble). Howey#re functionality offered is
very similar. For the purpose of this study, tkaraples given will follow the
implementation of the Trimble TerraSync softwaraikable on the Trimble
GeoXT/XM GPS units.

The data dictionary is a flat file database useti wie TerraSync software purchased
separately with products such as the Trimble Gea@X¥ Geo XT. The database
structure is formulated using the Pathfinder OfBoftware product that can be
purchased in addition to the GPS unit. The constmof the dictionary (Appendix

A) consists of naming the data entry fields andefach field creating a list of
potential data entries. The completed structutpisaded to the GPS unit using the
data communication program supplied with the GR8ware. Field workers are then
able to access the new data dictionary througméhmal GPS menu interface.

Implementing a data dictionary for the land coved ase classification described
above requires the user to enter data at each sgpit, for each classifier. Data
recorded is downloaded for subsequent analysismathitable software packages, for
example, the LCCS program, GIS software or database

3.2. Data dictionary background

A Trimble data dictionary contains a descriptiorfedtures, and their attributes,
relevant to a particular data collection task. Aaddictionary can therefore be
considered a template for data collection. Thisptiewe provides the outline for data
collection tasks but does not store either thetpposil or the spatial attribute data of
features which are stored in the Trimble rover. file

The data dictionary can be considered as beingmrmbsd from two elements, the

features to be collected in the field, and secoadlgt of attributes which describe
each of these features.
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Features:

Features recorded via a data dictionary can beidedausing either a point, line or
polygon data structure. Feature descriptions cagdiied to meet the project
requirements and multiple features of the same aypeermitted within a single
dictionary definition.

Feature Attributes:

Attributes are feature specific and take the fofra eeries of data fields which
accompany the standard GPS positional informakalds can be designed to
contain numeric or text data entries. In additiatadntegrity can be ensured with the
implementation of drop-down selection and requireldls during data assignment.

Data dictionaries are specific to Trimble and &ex¢fore created in and used with the
Trimble software range. Data dictionary design argtion is achieved within the
Pathfinder Office software although import and iedifunctionality is also available
within the TerraSync software. In addition to dictary creation further functionality

is added via the importing of data dictionary dgfoms using the structure of existing
data sources, for example, Trimble data files aipsfiles.

As a result of this, construction of data dictioeahave the advantages of being able
to provide a means of structuring data collectasks, according to the required
features of a survey, and ensuring data intedmit\specifying allowable data inputs.
While data dictionaries do provide a more comptizta collection solution, in
comparison to a generic data collection templateeral functionality restrictions can
impact on dictionary design. Table 3.2.1 outlinese of the general advantages and
disadvantages of data dictionary implementation.

Table 3.2.1 Advantages and disadvantages of dateodary implementation

Advantages Disadvantages

= Association of a features’ positional| = No context sensitive menu control
and attribute information in a single

file
= Functionality to ensure standardised = No error checking capability to
attribute recording ensure logical attribute combinations
* Functionality to export coded rather| = Flat tabular output restricts number of
than text descriptors data fields and database structuring
= Export data to multiple formats = Generic features cannot be excluded
» (via the Pathfinder Office software from the dictionary definition
suite)

» Ease of data dictionary modification| = No help system, specific to the data
within standard window based, user dictionary can be developed in the
friendly, programs standard software setup.

*= Only limited training required to
implement data dictionary based data
collection a‘

The restrictions or disadvantages of using the diatsonaries as available in the
Trimble TerraSync software could be overcome bydénelopment of a bespoke
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software application, but this would imply longevelopment and such a software
package would be more difficult to support.

3.3. Data dictionary development for land use and LCCS
characterisation

The basis of the land use and LCCS characterisdgwaloped for this project is the
recording of classification category data relateddch survey position. The
following sections outline the design and developnhué a data dictionary for this
collection task set within the constraints of tlaaddictionary functionality.

Feature definition

The main functionality limitation driving the dadiictionary definition in this project

is the lack of context sensitive menu controlssTas implications in that the
variability of the classification category data ahd hierarchical nature of the
classifications are not easily accommodated. Wighioespoke application, an ideal
solution, to encompass the variability of critearad parameters, would be a single
survey point feature with attribute recording based context sensitive menu system
i.e. selection of preceding criteria would contie appearance of subsequent menus.
As this is unavailable within the standard datdidinary, alternative approaches must
be taken.

i) Land use

Definition of the land use feature is simple asl#me use characteristics recorded are
consistent across all sample points (Table 2.1 Aesult the land use attributes can
be attributed to a single land use characterisdtiature.

This separate feature approach, as opposed tadlusion of the land use classifiers
within the pre-existing LCCS structure, is propoasdt ensures the data dictionary is
focussed on land use, the primary objective oftirgey. Additionally it reduces the
need for lengthy data collection forms which worddult from a combination of the
land use and LCCS attributes. A potential shortognaif this approach is the
requirement for the surveyor to collect multiplatieres at each sample point (one
feature for land use and one feature for land cQV@CS)). Time implications of this
double recording are minimised via a reductiorhm GPS data collection time for the
LCCS feature, the minimum number of GPS positiarg@duced from 120 to 30.
Data output from this multi-feature approach waparate the land use and cover data
for each sample point, however, it is anticipateat simple GIS techniques can be
used to merge the data if required.

i) LCCS

To enable LCCS characterisation, more complex featafinition is required as the
attributes recorded are dependent on previousstadie classification hierarchy.
Within the data dictionary this parameter variapiian only be removed via the
explicit definition of several features. These teas must be defined to maximise
feature variability so as to minimise within feawattribute variability and avoid drop
down menus that are overly long. In terms of LC&IS is achieved by defining
feature types based on the third dichotomous pbiathes hierarchy.
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Using the third dichotomous phase the resultarg dationary point features are,
» Cultivated and Managed Terrestrial Area(s)

» Natural and Semi-Natural Terrestrial Vegetation

» Cultivated Aquatic or Regularly Flooded Area(s)

Artificial Surfaces and Associated Area(s)

Bare Area(s)

Artificial Water Bodies, Snow and Ice

» Natural Water Bodies, Snow and Ice

(Greyed items are not available in the current destration data dictionary, see
figure 3.3.1.)

'V VY

These features meet the requirement that attritatte fields and criteria are static. If
the features were derived from any higher levehefLCCS hierarchy this
requirement would not be met. For example, a feadefined as terrestrial at the
second level of the hierarchy could be “Cultivasedl Managed” or “Natural and
Semi-natural Vegetation”, as the required databaitties for these cover types varies
they cannot be accommodated and hence are splithattwo feature types.

Definition of features at the third hierarchicatéé does mean that not all levels of the
LCCS classification are implicitly recorded. Howeveom the features at the third
level all previous hierarchical elements can beliedapso no information is lost.
Although not recorded, the surveyor must use kndggeof the previous hierarchical
levels to decide which feature type is the mostampate for each survey point.

Doae || $Bs [

Collect |v | Options * | Close |
File: RO124104
Creak
Choose Feature: ® Create
Tvpe | Feature Mare |
:
L LCCSCulkivate Mng TR
= LCCS Cult A
= LZZSMat Semi-Mat TR
- Point_generic

o Line_genetic
oo Area_generic

Figure 3.3.1. TerraSync feature selection forma obver file implementing the
LCCS and land use demonstration data dictionary

The preceding discussion implies that the dataahaty only contains the features
relating to the LCCS and land use elements. A &itiah of the data dictionary,
however, means that additional, default, featuresabso available from the data
collection menu of TerraSync (Figure 3.3.1). Thesfault generic features contain
no data collection parameters other than featuetification and are primarily used
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for positional recording. As these features arerel@vant to the current survey task
they would ideally, for neatness and consisteneygilmoved. However, this is not
possible. Surveyor training or a user guide isdfoge required to identify these
spurious features and inform the user that theylshime ignored during data capture.

Attribute and criteria recording

The third dichotomous level features of LCCS aredléimd use classification are each
characterised by a series of attribute fields ediefthich are represented in the data
dictionary.

Each attribute field contains a series of critegjaresented by a text descriptor and
unique code (Table 2.1). Using the built in functbty of the data dictionary, data
input can be standardised by presenting the surweiylo data field specific, drop-
down, attribute lists. Such an approach ensuragshbaurveyor can only input valid
criteria and eliminates potential errors arisimgnirspelling or data input mistakes. A
limitation of the Trimble data dictionary is thaese drop-down menus are hardwired
on data dictionary creation and are not contexsisiga. As a result variables in drop-
down menus cannot be refined based on precediagt®els resulting in lengthy
drop-downs and perhaps more seriously inappropdeiiz entry as no error checking,
against previous attributes, is available. No sofuto this issue has been found for
the current data dictionary. The definition of aggmiate default values for drop-down
menus and menu clarity, in terms of sections abdsggtions indicated by “----"
marks (Figure 3.3.2), may reduce errors resultiamfillogical criteria combinations
but this is not a rigorous solution.

Daka |v | D
Calleck |v | Options « | > |
1 Cultivated Managed B ok | F— ”
Survey Point ID: 1]
Survey Date: 15/11/2006
Survey Time: 09:49:45
LifeFarmn Main Crop: j
LifeForm SpatialSize: Shrubs e -
----Broadlea
LifeForm Distribute: ----Needle
———————— Evergreen
Crop Combination:  {eeeeeeen Deciduous
Herbaceous hd
Cultural Prac Water: -
Cultural Prac Time: | - |
Crop Type: | - |
Erv Landfaorm; | = |
Env Lithology: | = |
Env Lith Parent Mat: | - |
Erv Soil Surf Aspect: | - |
Env Soil SubSurf: I:l
W

Ern lirnaka 1

Figure 3.3.2. TerraSync feature attribute colleatform (attribute fields reflect the
selected feature type of ‘Cultivated and Managed’).
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In addition to drop-down menus, data input candsthér standardised by the
definition of required fields. If an attribute ftels marked as required within the
dictionary definition, data must be input duringtigre creation. While this would
initially seem advantageous care must be takeequired field definition as drop-
down menus must be exhaustive. This may mean thadlditional criterion of “Not
Applicable” needs to be added. The addition of thirion however implies that the
surveyor can bypass required fields and not reesséntial data elements.

A further consideration when setting required féeisl their ease of use within
TerraSync. After initial criterion selection, recgd field drop-down menus are
locked. In the case of erroneous data entry thekisfwill remain locked until all
required fields have appropriate values specifiedly then can erroneous entries be
re-entered.

A requirement of the data dictionary design is #natirveyor has background
knowledge of the land use classification and LC&rms of its hierarchical
structure and the attribute fields. This is to easacquaintance with attribute
definitions and appropriate data entry combinatidiss is particularly important as a
limitation of the data dictionary design is thatardimited explanatory text can be
added to the data input screen to aid data calledti the field. It is in this context
that the functionality of the GeoXT/XM Windows CBwronment should be further
explored in the development of a stand-alone helgegor data collection manual.

Data storage and export

For ease of use the attribute drop-down menusapelated with text descriptions for
each criterion, as specified by the land use dlaaibn and LCCS. While descriptors
are most appropriate to aid data input the critecodes may be more applicable in
terms of data storage and further data procesaém@dvantage of the Trimble data
dictionary is functionality that allows relationphkito be developed between the text
descriptors or drop-down menu labels and codedegalburing export of the data, to
various formats via the Pathfinder Office softwatribute fields can be exported
with the text descriptors or coded values.

Table 3.2.1 states that a disadvantage of thediletianary is the flat nature of the
data storage table. This is particularly the cas&tensive, multi-scaled
measurements are required at each survey loc&tihin this survey the recorded
data is not sufficiently complex to require a relasl database structure and therefore
the flat table does not limit the data dictionaegidn or implementation.

Data output

From within the Pathfinder Office software it isgstble to export the Trimble data
file, created from the original rover file, inton@us formats (Appendix B). As
specified previously, during export the format loé triteria, text or code must be
specified in addition to the required tabular fel8y default all feature attribute
fields will be exported. However, the surveyor mgpsecify which, if any, GPS
derived fields are required. This export procedbresult in a series of data files
where each file represents the land use or LCCQ8riea-urther modification of these
files is largely a function of the export format.
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3.3 Bespoke application development

Bearing in mind the limitations of the data dictaoy approach, a prototype bespoke
application was developed based around the LUCAR 2@ethodology (see section
4.4).

The application demonstrates that it is possiblgeteelop such a tool, but its full
implementation would require a considerable amofiprogramming beyond the
scope of this feasibility study. Details of the bggtion development and testing are
described in Appendix C.

Due to the considerable amount of programming redguin bespoke application
development, an intermediary solution may be sau@atrently available freeware
which has the potential to support this solutiothies CyberTracker software suite
(www.cybertracker.co.2a

CyberTracker
The CyberTracker software suite enables the dewsop of an application specific
field data collection system for implementationaoMobile PC with integrated GPS.

Application development is via a Windows interfacehe CyberTracker Standard or
Professional desktop software. Within this softwigglel data collection application
development and testing is considerably less campiecomparison to bespoke
programming, with complicated program developmeadén behind ‘single click’
solutions.

Applications developed within the CyberTracker waite are based on a series of
data collection screens the design and sequenehicl is user defined. Multiple
screen templates, including lists, check boxestexidnput, allow for the collection

of data in various formats. To ensure concise scgesign data collection is based on
a sequence of data collection screens, which btepgh the predefined data
collection tasks. A major advantage of this appihdadunctionality to enable the
screen sequence to be based on preceding data input

The CyberTracker software contains functionalitgbable the integration of field
data collection with GPS location recording. Thaseadis recorded as a single point or
track, a series of points created as the surveypwem A current limitation of GPS
integration, within the software, is that GPS relog represents only a single point
measurement. An ideal solution would enable thertkog of multiple positions
averaged to provide a more accurate location estima

Once designed on the desktop PC the field dataatmh application is uploaded
onto a mobile device. Subsequent to data collectaia is viewed in the desktop
CyberTracker software from which export optionsarailable to allow transfer of
this data into standard GIS software.

The CyberTracker software suite is primarily desjfor conservation and

ecological data recording. As such, further in\gegttons are required to determine the
applicability of this software to the collectionlahd use and cover data within the
outlined structure. The software is advantageous;, the standard GPS software, as
it allows a greater flexibility of screen desigrthvcontext sensitive screen sequences.
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However, the recording of GPS location from a rgbint measurement is not
recommended. Adaptations to the software to alleaveraging of multiple records
for each point should be investigated to improve&@itation accuracy.

Such investigations are outside the remit of teasibility study and hence are
recommended as further work.
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4. Sampling strategy

4.1. Background

The implementation of the classification approaebalibed above although mainly
centred around a point sample could be applicableth a list frame or an area
frame sample, the point surveyed could then beralssed to either the middle of a
parcel as part of an area frame sample or theifathe case of the list frame
approach.

It is understood that a complete census would aa@gdpropriate as the cost would be
prohibitive and that the type of sampling to beleggpshould allow the calculation of
the precision of the estimates derived. These tgpsarveys are called probability
sample surveys (FAO 1996) and are usually defimedrding to the way in which
the sampling units are identified: These are:

» List frame surveySample units are drawn from a list of land owrtgpscally
identified by their name and addresses. These tjpssrveys have
traditionally been used extensively for agricultwstatistics (FAO 1996) and
are used in a number of European countries. Howé&vée reliable, the list
requires frequent update. The list is particuldifficult and expensive to
update when there are a very large number of lanmtes and where
communications are not well developed. As thidearty the case in an
African context, these types of survey are not maoended within the scope
of this study

* Area frame surveySample units correspond to areas of land whielofien
referred to as segments. The entire study areaided into non-overlapping
segments and a selection is drawn from the tofaliladion to derive the
sample. Depending on the type of segments, arpeefsarveys can be further
sub-divided into:

0 Segment with identifiable boundaries

0 Square segments

o Point sample
The area frame sample approach is one that i tsefted to this type of work
because it does not require anpriori knowledge of the stakeholders as is the case
for list frame surveys.

4.2. Segment with identifiable boundaries

This type of approach has been widely applied inyr@untries notably the United
States (Cotter and Nealon, 1986) as part of thdy@ane Agricultural Survey and
Italy (FAO, 1998; Carfagna, 1998).

The identification of segment boundaries relieslelineating existing physical and

administrative boundaries. This means that segnielisv an irregular pattern
determined by, for example, rivers, roads, and esdqgigure 4.2.1).
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Figure 4.2.1. Segment with identifiable boundagi@siwww.nass.usda.gov/research/seg0357.jpg)

It has been successfully applied in the UnitedeStathere field boundaries and roads
tend to follow a regular grid pattern and althoitdias also been applied in Europe,
its implementation was made more difficult becanis#tne more irregular field
patterns making it difficult to identify segmentissimilar size.

The advantage of the method is that the segmesmtsincides with the parcel size

and relying on physical boundaries makes it easgentify in the field. Moreover,
despite the initial high cost of developing thersegt database, it can be reused every
year and it can also be combined with a remoteiisg@pproach facilitating the

digital classification of satellite imagery by magiparcel based classification much
easier to implement.
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In an African context, parcel boundaries are samegivery difficult to identify or are
non existent, making the implementation of thisrapph almost impossible.

4.3. Square segments

In order to overcome the issues of the approadmedtabove, a simplified approach
was developed making use of a square segment wifilcial boundaries purely
defined on the basis of the map grid without anysaeration for any physical
boundaries.

The only requirement linking square segments to ffteysical environment is to
ensure that the size of the segment is such thatare than 50 and no less than 10
parcels are present (Gallego, 1995). Thereforegikgehe same sampling intensity,
implementing a square segment survey in a landsedpemall parcels will result to
a larger number of smaller segments compared wahdscape where larger parcels
occur.
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Figure 4.3.1. Randomly aligned systematic sample

Samples are typically drawn from the combinatiomhef study area boundaries and a
grid which is used initially as a series of blo¢kgure 4.3.1). The size of each block
is a multiple of the segment size and is determawbrding to the desired sampling
intensity. The initial position of the grid is seted randomly. The position of a
segment in a block is selected at random and tisgipn is repeated across the study
area ending up in a randomly aligned systematigam second and third position
can be selected as shown in Figure 4.3.1. Thesessige positions are known as
replicates. The use of replicates is particulaggful in the context of stratification
when different sampling rates need to be used ¢agreplicate is used in
mountainous areas and three replicates are uskshgely populated rural areas).
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A systematic sample is often preferred, comparedgare random sample because it
is a lot easier to implement over a large areatlhac is no bias introduced unless the
spacing between segments coincides with reguldatia@rs in the landscape. This is
unlikely to occur in most landscapes and perhaps &ss in African landscapes.

Although square segments are largely used throudhunope particularly following
the Monitoring Agriculture with Remote Sensing (M8Rprogramme (Taylor et al.,
1997), they would still require the delineationpaircel boundaries inside the segment
(Figure 4.3.2.), which would again present subgadifficulties in most African
contexts.
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Figure 4.3.2. Exaple of a square segment witd ﬁmalrcel |

4.4. Point sample

The point sample relies on the definition of asgf sample locations positioned
around the study area. Although these locatioaseferred to as points, they usually
cover a small area typically 9°rim the case of the TER-UTI survey in France (Gay
and Porchier, 2000) or the LUCAS survey for Eur(pelince, 2001).

Both TER-UTI and the initial LUCAS surveys (200268) consist of a clustered

sample and rely on a two stage sampling. The irstage defines the Primary Sample
Units (PSUs) which can be assimilated to squareaangular segments. The second
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stage defines the Secondary Sample Units (SSUshwiarmally consist of a grid of
points within the PSU as shown in Figure 4.4.1.
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Figure 4.4.1. LUCAS 2002-2003 sample design (DélJig001)

As discussed by Delincé (2001), the use of a dledteample presents a way of
reducing the variance of the final estimate. Howgarother way to achieve the same
goal is to undertake a stratification (discusseth@next section). This was the
approach adopted as part of the new LUCAS methggataplemented from 2005.
Instead of a clustered approach, the samplingigitidsed around the Lambert Equal
Area coordinate system for Europe. The LUCAS miasmple is defined by the
intersection of the grid every 2 km for even cooades (LUCAS, 2006). The master
sample is then combined with the country boundaaed a Digital Elevation Model
(DEM) is used to exclude areas above 1200m elavatio

Each point is then photo-interpreted in one of sesteata with the help of recent
digital orthophotographs or, if not available, #agimagery and the Corine Land
Cover 2000 data set (CLC2000). Each stratum is kgt a different sampling rate
to maximise the efficiency of the stratificatioreéstable 4.4.1). The rationale for
selecting the different sampling rates is primab@gsed around the land cover/use
types that are more critical to characterise @ggicultural land cover/use types in this
case) thus resulting in more precise estimateadacultural land use/cover types
whilst maintaining costs to a reasonable levelseBondary reason is that it tends to
put less emphasis on land cover/use types thd¢ssdikely to change over time.

It has been shown that the new approach bringvaralbreduction of the variance
by a factor of three and avoids the problem of mpkete PSUs (LUCAS, 2006).
Moreover, Farmer (2005) demonstrated that therenwasgnificant increase in the
survey time with a one stage systematic sample aoedpwith a 2 stage clustered
approach. This was confirmed with the initial sialf the new LUCAS methodology
which appear to suggest that survey costs wilelss than with the 2 stage approach
(LUCAS, 2006).
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Table 4.4.1. Sampling rates applied by stratum (A3C2006)

Stratum Sampling rate
Arable Land 50%
Permanent Crops 50%
Grassland 40%
Woodland, Shrubland 10%
Bare Land 10%
Artificial Areas 10%
Water 10%

The sample is drawn by grouping sample points 81y 9 basis thus resulting in
blocks of 81 points. Each replicate is selectedoanly ensuring that successive
replicates are not next to one another and itdipogiepeated across the grid. Each
replicate is selected up until the correct numlbgroints is selected for each stratum
according to the sampling rate identified in tablé.1.

Appendix D describes the implementation of the ZZA$ approaches for Sierra
Leone. The LUCAS 2003 approach results in 220 R&ithsa total of 2200 SSUs
while the 2006 approach would result in 7427 samplats by applying exactly the
same sampling rates as the ones used for EuropeisTtased on applying a
stratification derived from The Global Land Cov&i) 2000 classification (Global
Land Cover 2000, 2003). This was used as an exaamglén practice a more detailed
assessment of each point should be done base@ amehpretation of satellite
imagery and/or aerial photography.

Point sampling is particularly suitable to the &&m environment because it does not
require the identification of parcel boundariessahe case for the other approaches.
Secondly, because it is point based, it is alsbquéarly suited to the use of a GPS
data collection device as there is a direct linkveen the GPS position and the point
sample.

4.5. Stratification

As mentioned above, stratification is one of thehmds used to reduce variance by
varying the sampling intensity depending on thatatn, e.g. there is no need to have
a high sampling rate in water areas or bare areeause there will be little variation
in terms of land use; however, there will be a nieeidcrease the sampling intensity
in areas where there will be a high level of vatigbsuch as agricultural areas.

In theory, stratification is seen as a good thing, it is often very difficult to
implement as there are few datasets of sufficiestipion and quality available to
assist with its implementation. If the stratificat is applied using information that is
not sufficiently precise and reliable, then thecouate is likely to be worse than if no
stratification is applied. Therefore, stratificatishould only be applied based on
criteria that can be easily verified or measuredge Guch example would be elevation:
areas above a certain elevation can be excludad adDEM. Another example could
be water features.

In the case of the new LUCAS methodology, the motd posed by stratification

were overcome by the photo-interpretation of sarfgaations into seven strata. This
approach could also be recommended in an Africategb as it has the added
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advantage of offering a substantial reduction efg¢ample size in areas where
accessibility is often a problem.

4.6. Recommendations

The benefits of a GPS based field data collectystesn would be maximised if it was
used as part of a point frame sample.

The approach adopted as part of the 2006 LUCAS adethgy is particularly
interesting as it would combine the use of remoselysed data for the stratification
stage with the implementation of a field surveyeThethodology would need to be
adapted with notably the use of strata definitiarerepresentative of the local
conditions.

The LUCAS 2006 approach implemented in Sierra Leamdescribed in Appendix D
results in more than 3 times the number of sangdeale 2003 approach, but this
may be because the sampling rates applied neexlddjbsted to the Sierra Leone
conditions. This could result in a more manageablaber of points, but the
stratification criteria would need to be clearlgmdified and discussed to ensure they
can be easily photo-interpreted and are relevaftrioan conditions. As such it
would be advisable to carry out a pilot study cwemall region (perhaps based on
administrative units) to test the methodology

However, the implementation of such an approachidvalso mean that sufficient
resources are available to carry out the photopné¢ation stage in terms of remotely
sensed data availability and technical expertis¢hfe interpretation. If these
resources were not available, then the initial 200€AS methodology using a 2
stage clustered sample could be implemented.
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5. Field data collection system

5.1. GPS concepts

The Global Positioning System (GPS) was the firstidwide Global Navigation
Satellite based System (GNSS). Other systems hdngzquently or are being
developed, for example, GLONASS in Russia and €aiih Europe which is still a
few years from being operational. GPS relies corestellation of 24 satellites placed
in very precise orbits which are closely monitofhexnin the ground (figure 5.1.1).
Each satellite carries onboard a very precise atahock allowing a user with an
appropriate receiver to measure the time delag fsiandardised signal to travel from
the satellite to the receiver. The accurate knogdeaf each GPS satellite orbit and
the combination of time delay measurements froteast 4 satellites makes it
possible to calculate an accurate position on HréhEs surface (a position can be
computed from 3 satellites, but ¥ dne is required to resolve the uncertainty caused
by the fact that the receivers’ clock is not vecgate).

Peter H Dana 872268

G PS Nominal Constellation
24 Satellites in 6 Orbital Planes
4 Satellites in each Plane
20,200 km Altitudes, 55 Degree Inclination
Figure 5.1.1. GPS constellation.

Standalone GPS units should be capable of accsrauiein 15-30m with a clear
view of the sky (e.g. tree canopy can affect GRSiacy). GPS positions can be
improved using a technique called Differential GB&PS) which relies on having a
second unit placed at a known position (base statinich will monitor the errors
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associated with each satellite. This information egher be broadcast in real-time to
the mobile unit or stored on a computer for procgsence the mobile unit has
collected data in the field.

DGPS can achieve accuracies as small as a few tinthvei most sophisticated
equipment, but are typically capable of 2-5m ustamndard equipment.

A more transparent implementation of DGPS fromex p®int of view are the
Satellite Based Augmentation Systems (SBAS) wheth@n a network of base
stations over a large area (continental level). infemation is then combined into a
single signal compatible with SBAS enabled GPSivecs which is broadcast via a
geostationary telecommunication satellite. Theeecairrently 3 SBAS being
developed around the world: WAAS (Wide Area Augna¢ioh System) in North
America, MSAS (Multi-function transportation Saitdtbased Augmentation System)
for Japan and EGNOS (European Geostationary Nawrg@iverlay System) for
Europe.

Accuracies with SBAS enabled receivers are of tideroof 2-5m. There are plans to
extend EGNOS for the African continent, but thisad yet operational as the signal
currently generated over Africa would not offer angnificant improvement on the
standalone GPS signal as shown in figure 5.1.2.

EGMNOS System Test Bed
Hovizonlal Acclracy obitained with
combined ESTEMTE monitoring stalions

R i .re 1] 10

5% T S willsbiliiy HAPIE (P54}
=

TR E AT e

Figure 5.1.2. Map of EGNOS coverage and estimatedracy.

5.2. Low cost handheld GPS

GPS receivers have now become widespread in tliedii@ecreational and outdoor
activities. Units such as the ones shown in figu&1l can be purchased from one
hundred to a few hundred US$ depending on thesufuitictionality, amount of
memory and pre-loaded data. Some units can prald@tiled mapping for a given
area making them particularly powerful navigati@vides.
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Data collection capability is limited to recordimgrypoints (point locations that can
later be used for navigation purposes, e.g. youeeord the location of your vehicle
when hiking) or the receiver can be set to recamat position at regular intervals
whilst moving and this can be displayed on the G&8en, saved and even exported
to a PC with a suitable interface cable for usether programmes. However,
although you can give a meaningful name to waygant recorded tracks, there is
no capability to record complex characteristica pbint location as would be
required for the purpose of this application.

Therefore, the use of low cost handheld GPS fat lese surveys should only be used
as a backup solution to navigation to point logsioombined with pen and paper to
record detailed land use characteristics.

Figure 5.2.1. Examples of low cost handheld GP8ivecs.

5.3. PDA GPS

Recently, the development of GPS devices that easbhnected to a Personal Digital
Assistant has been extremely fast. It is now péss$dconnect a standard PDA to a
GPS add-on using a cable or even a wireless Bltletmmnection. Some PDAs even
have an integral GPS antenna and receiver provatingl-in-one solution. Examples
of PDA GPS are shown in Figure 5.3.1.
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PDA GPS can be associated with GPS recording sdtarad are still very cost
effective as they cost as little as a couple ofthed US$ to which the cost of the
software needs to be added, but this is still @timactive pricing. Their main
drawback is that they are not as rugged as hand@ie®land are more suited for use
inside a car or for very occasional outdoor useréiaggedised models are available,
but their cost is much higher and comparable wipping GPS units described
below. The main difference is that they do not pte\a fully integrated solution, (i.e.
the GPS component needs to be integrated withBt#erBquiring the connection of
each type of equipment together and a softwaregugchklso needs to be purchased,
installed and configured separately). This wowddaldisadvantage for land use
surveys.

z-i
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2

Figure 5§1 Examples of PDA GPS.

5.4. Mapping GPS

GPS manufacturers have developed a range of GRSwimch combine GPS
receiving capability with the ability to acquire $&teady features in the form of
points, lines and polygons. It is also possiblanttude detailed characteristics
associated with each feature that can be seleaiedd drop down list. These
characteristics are stored in a data dictionaryctwiesan be customised using the
accompanying software installed on a PC. The dateodary can then be uploaded to
the GPS to be used in the field.

There are 3 types of mapping GPS device:

» Separate GPS receiver, GPS antenna and data |ladgyaes using a field
computer: These units offer the greatest levekotieacy and flexibility, but
are also the most expensive. They would be todycastl complex to
configure and operate for the purpose of a landsuseey. Units amount to
around US$10,000
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* Integrated GPS units running the Windows CE opagadlystems: These units
are fully integrated combining the GPS receiveteana and data logger into
a single handheld unit. However, they still offee tapability of connecting to
a separate GPS antenna for better accuracy. Exsumipdeich units are the
Topcon GMS-2, Thales/Magellan MobileMapper CE anidchble GeoXM/XT
(Figure 5.4.1). In addition to the cost of a uaitleast US$2500), the cost of
the GPS data collection software, PC interfacecamdiguration software
need to be added.

* Integrated GPS unit running proprietary softwareede units are less
configurable than the above, but have the benebemg much cheaper at
less than US$2000 for a Thales/Magellan MobileMaggleown in figure

5.4.1.).
[ X ST W Ras—
- Trimibley
FIrmnY —
% —

)

Figure 5.4.1. Examples of handheld Mapping GP$Unbt to scale relative to one
another).

Differential GPS could be implemented with two miagpGPS units with the aim to
improve the precision as described in section $H4is second unit would then be
placed at a fixed known location for the duratidnhe field work. GPS data are
recorded by both units and downloaded to a PC @GRIS processing software
installed (such as Trimble Pathfinder Office or [BsAViagellan Mobile Mapper
Office). The field unit data is then post-procesea#th the base station data to achieve
a higher level of accuracy.

The level of accuracy that could be achieved varrenarily on the type of
processing applied and the distance between tlieuiat and the base station.

The highest accuracy would be achieved with ‘caplese’ processing and can be
obtained using a suitable GPS unit and associafédae (such as the Trimble
GeoXT and TerraSync Pro or Magellan ProMark IllIfjeximetre level provided that
the field unit is less than 100km from the basémta

Metre level accuracy would be achievable with rmapping GPS units using ‘code

phase’ processing provided the field unit is Iéssita few hundred km from the base
station.
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If real-time processing was necessary, this woedplire the acquisition of additional
equipment to create a radio link between the figld and base station. However,
because of the extra processing required, thisadvonlly be possible with ‘code
phase’ units and limited to metre level accuracy.

5.5. Recommendations

To meet the requirements of a land use surveyfasedan the previous sections, a
mapping GPS device running Windows CE would bemenended. If higher
positional accuracy was required with the use at{poocessing differential

correction, the configurations below for package2 and 3 (package 4 is excluded as
standard GPS units are not capable of storinglddt&PS data) can still be
considered with the acquisition of an extra unibéoused as a base station:

Package 1

e Trimble Geo XM

» Trimble Terrasync Professional software

* Trimble Pathfinder Office software
This unit provides a large amount of memory andlzaeasily configured to meet the
requirements of the land use survey, but the tatst is likely to exceed US$5,000.

Package 2

An alternative is:

* Thales/Magellan MobileMapper CE

* ArcPad software
It has similar characteristics the Trimble unit Hoes not have as much memory and
would cost less, at around US$3500.

Package 3

The MobileMapper unit at around US$2000 is anotbalistic alternative, but would
not offer the capability to display satellite images an image backdrop (only vector
data can be displayed).

Package 4

Finally, simple handheld GPS could be used as laupdlow cost solution, but only
GPS position can be recorded. Land use informatiauld have to be recorded on
paper. GPS PDA would offer the capability of recogdand use characteristics as
well as GPS positions, but these units are notcseifitly rugged.
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6. Conclusions

The technology for a GPS based field data collactigstem for agricultural land use
now appears sufficiently mature and affordablesfoech a system to be implemented
in an African context. However, the benefits oftsacsystem will only materialise if
the following factors and stages are satisfactanigt and correctly implemented:

e The needs for the collection of such data mustderly established at the
political level. This could perhaps be facilitategthe implementation of a
pilot study over a limited area to demonstratevildee of the information
gathered.

* An appropriate classification scheme will needéaderived translating the
needs expressed at policy level in terms of tha ttabe acquired in the field.
It is expected that there is likely to be an ite@process between policy
requirements and the data gathered. Thereforengcessary to adopt a
flexible approach in terms of the data acquireds Will be best achieved if a
classifier approach such as the one developedrasfgae FAO LCCS is
extended to the acquisition of land use data.

* The implementation of such a classification schemwan off-the-shelf GPS
field data collection device is possible, but agvam in this report will result in
a number of limitations linked to the difficulty ohplementing different
hierarchy levels. This could be solved by the daewelent of a bespoke
application, within a programming environment orreuatly available
freeware i.e. CyberTracker, but to the detrimertheflevel of future support
that would be available for the application develbp

« To be fully beneficial, the GPS field data collectisystem would need to be
combined with an area frame sampling strategy basexpoint sample as
implemented as part of the LUCAS 2006 survey inogar The methodology
would need to be adapted to African conditionsipalrly with respect to the
stratification approach and would require buildaagpacity in terms of
remotely sensed data interpretation.

* From the GPS devices reviewed, it would appearthi@airimble GeoXM unit
combined with the TerraSync Professional and Radkfi Office software
packages are best suited for this kind of work sttoffering a high level of
flexibility. The Thales/Magellan MobileMapper umitfers a realistic lower
cost alternative, but with a slightly lower levélflxibility.

The implementation of the above recommendationsregluire extensive training at
every stage of the methodology.
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Appendix A
Land Cover and Land Use Survey:

Data Dictionary Definition Manual

1. Introduction

This manual outlines the definition of a data dinary for subsequent implementation
in a GPS (Global Positioning System) survey (Appei). The manual will focus on
the creation of dictionary within Pathfinder Offitmr subsequent implementation
within the TerraSync software, on a Trimble GeoXTG@oXM device. As the

manual is intended only as a brief introductioa&ba dictionary creation, the reader
is referred to the Pathfinder Office manual fottlier information.

Software and Hardware requirements

The following components are required to follow thanual:
e Trimble Pathfinder Office installed on a Windows PC

2. Pathfinder Office

Pathfinder Office is the PC based software thab@ganies Trimble GPS units
(needs to be purchased separately). This softwakedes tools which enable users to
plan GPS surveys and successfully download andepsaihe resultant data.

Creating a Pathfinder project
The Pathfinder Office software is based on the epthof projects. Whenever the

software is in use the processing tasks must beleted within a project. These
projects represent a good way of organising data.

Prior to data dictionary creation and editing ahiRatler project must be created.
« Open Pathfinder Office from the Start Menu or degkton

On opening Pathfinder Office the “Select Projecthidow should open automatically,
if it does not open then seldete/Projects

From the “Select Project” dialog you can open aistag project, if a suitable project
for your current work has been created, or createvaproject.
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To create a new project
« Click ‘New’ at the base of the dialog to open thejgct folders dialog (Figure
A2.1).

[Prosect Foiders T

Brogzcl Mane I

Comme [radraay, T June 3006 25532 pin

M- = |
Backup Folde [bach.n Browe. |
Enpart Foaden: [Boot ﬂl
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ok |  Coed | Defed | Hee |
Figure A2.1 The Create new project dialog

« Specify a Project Name. Note that a series of idw@laracters exist when
specifying this name these include characters aach >, ? and “

« Press Enter or click in the next input field toeeicthe new project name.

« The Project Folder field should be automaticallgated to reflect the default
folder for this project. By default the project namvill be the same as the folder in
which data generated by the project will be stored.

« Ensure that the Project Folder path is an acceptiblage location

« The remaining Folder fields can remain on the defaitings

By default, projects created within Pathfinder ©dficonsist of a series of data folders
automatically created by the software for use ffedent tasks. Within the main
project folder, named according to the name spgtiior the project, are three
standard folders named ‘base’, ‘export’ and ‘backup

* Leave the remaining folder field names unchangexttept the standard folder
naming conventions.
« Accept the new project settings by clicking OK lne t'Project Folders” dialog.

The settings you entered in the Projects Foldeeglishould be reflected in the
“Select Project” dialog.

* Click OK to close the “Select Project” dialog.
Additional Information:
If you have already created a project and wishotdinue working in the same folder,

ensure that the existing project is selected irptiogect name drop-down list, at the
top of the “Select Project” dialog.

3. Data dictionaries

A Trimble data dictionary contains a descriptiorfezdtures, and their attributes,
relevant to a particular data collection task. Aaddictionary can therefore be
considered a template for data collection. Thispiewe provides the outline for data
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collection tasks but does not store either thetpposil or the spatial attribute data of
features. These are stored in the Trimble GPS RoedAppendix B).

The data dictionary can be considered as beingmrmbsd from two elements, the
features to be collected in the field, and secoadlgt of attributes which describe
each of these features.

Features:

Features recorded via a data dictionary can beieslcusing either a point, line or
polygon data structure. Feature descriptions cagdiied to meet the project
requirements and multiple features of the same aypeermitted within a single
dictionary definition.

Feature Attributes:

Attributes are feature specific and take the fofra eeries of data fields which
accompany the standard GPS positional informakaids can be designed to
contain numeric or text data entries. In additiatadntegrity can be ensured with the
implementation of drop-down selection and requfreldls during data assignment.

As a result of this construction, data dictionahase the advantage of being able to
provide a means of structuring data collectiongaskcording to the required features
of a survey and ensuring data integrity, by sp&ugfyallowable data inputs.

The data dictionary editor

The data dictionary editor utility (Figure A3.1)alable within Pathfinder Office
provides functionality for the creation and editimfghew or existing data dictionaries.

B untitled - Data Dictionary Editor =lex]
File Edit Options Help
EECIEREREE
Mame: I
LComment: I
Featuras: | Attributes:
Default Feature Settings:
WNew Feature... F3 | v sttrbute... 7 |
EdFeame el | EdiAtiibuie, P8 |
Delete Feature F5 | Delete Attribute B3 |
Press F for help l_ W l_ A

Figure A3.1 The data dictionary editor utility.

The creation of a data dictionary within this dyilis based on the definition of
features and their attributes.
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Creating a new data dictionary

= Open the data dictionary editor by selecting “Dditdionary editor” from the
“Utilities” menu in Pathfinder Office.

By default the editor will open with a blank daiattbnary allowing the creation of a
new definition.

= Specify a name for the dictionary at the top of¢déor window

Creating a new feature

The initial step in the creation of the data dic#oy structure is the creation of a new
feature to which attributes can be assigned. Fesitan be defined as a point, line or
polygon (area) depending on the type of surveyfaatilire being recorded in the

field. In the case of the current land cover anel elsaracterisation project data will be
recorded at a point, following the LUCAS survey dahce the new feature should be
of this type.

* Click on the button labelled ‘New Feature’ to ofika feature definition dialog
(Figure A3.2).

51

Fropatties | Defaul Setiings | Symbol |

Feature Hame: ]

Comment: |

Feature Classification
’7(5' Pairt " Line " Brea

0Kk || Cancd | et | Hen |

Figure A3.2 The new feature definition dialog.

= On the ‘Properties’ tab, specify a name for théuemaand ensure that the
appropriate feature type, i.e. point, line or polygs selected.

The ‘Default Settings’ tab contains all the paraenetelating to the type of GPS
information recorded for the feature including: GBS logging interval, minimum
positions recorded and type of GPS information écodcarrier) to be collected.
These parameters are survey specific and showgdtiie meet the data collection and
accuracy requirements of the project. Within theent land use and land cover
characterisation project, GPS settings of one skamte and one hundred are
proposed for the logging interval, GPS data typ&mmimum positions,

respectively.
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= On the ‘Default Settings’ tab, specify appropriaséues for the logging interval,
minimum number of positions and type of GPS infarorato be collected.

The final ‘'Symbol’ tab allows the specificationtbie symbol which will be used to
symbolise the feature within the Pathfinder Offaeel TerraSync software.

= Click OK, to accept the parameter settings andteréee feature.

On returning to the data dictionary editor winddwe hew feature should now be
included in the feature list.

= Ensure that the data dictionary definition is saved

Adding attributes to a feature

Once a feature has been created it can be assagsexies of attribute fields. These
attribute fields will be included in the data calien form, within TerraSync, for the
feature.

Feature attributes are classified according tal#faitions in Table A3.1. This
classification influences the type and format of arformation recorded in the field
for that attribute.

Table A3.1 Feature attribute types.

Data Description

Type

Menu Allows selection of an attribute criterionrina predefined list.

Numeric | Allow numeric value, decimal or numericb® entered during data
collection

Text Allow a text string to be entered during deddection

Date Collect the date of feature creation or update process can be
automated.

Time Collect the time of feature creation or upd#ies process can be
automated.

Filename | Allows the entry of a flename. This &ifite type is not supported by the
GeoXT or GeoXM units.

Separator | Separators can be added into the agtdistiit any point. They do not
represent an attribute for data collection butvalttata attributes to be
broken up into sections to improve readability.

The dialog used to create new attributes will va@rgording to the attribute type
selected as the parameters required for attribefiaition are attribute specific. This
manual will concentrate on the creation of the ‘mattribute’ type as this is the main
attribute type used in the land cover and use cheniaation dictionary. Further
details on the creation of the remaining attribwi@s be found in the Pathfinder
Office help.
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Attributes are assigned to the feature selectéldeinFeature List’ of the “Data
dictionary” dialog (Figure A3.1). Ensure that tleafure created in the previous
steps is selected (indicated by a blue highlighdn this list, by clicking on it.
Click the button labelled ‘New Attribute’ The “Nettribute Type” dialog will
automatically be opened (Figure A3.3).

x
~ Tope Add
& Henui
£ Mumeric ﬂl
0 Text Hel
¥ Help |
" Date
" Time
" File Mame
" Separator

Figure A3.3 The new attribute type selection dialog

= Ensure that the ‘Menu’ attribute type is selected @lick ‘Add’. This will
automatically open the new menu attribute dialagyfe A3.4).

x
Altribute Name: Conservation oK |
Comment: I

Cancel |
— Menu Attibute Yalues
Mame | Llger Code 1 | Uger Code 2 | &l
Tatal LUCOM1
Partial LuCcoM2
& MNA Ty

Maw.. Edit.. Delete |ﬂﬁ

Field Entry
On Creation On Update
" Nomal " Mormal
{+ Required {+ Required
" Not Permitted " Mot Permitted

Figure A3.4 The new/edit menu attribute dialog.

The “New Menu Attribute” dialog allows the specdtwn of the criterion which will
appear in the attribute drop-down list. These gdtean be represented via a text
descriptor in addition to a coded value. Duringadadllection the surveyor will be
presented with a drop-down menu based on the &sdrightors however the coded
values will be transcribed to the file and can kigaeted during data export.
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The criteria for the menu attribute values are ddda the ‘New Menu Item’ dialog
which is accessed via the ‘New’ button (Figure A3@riteria parameters entered in
this dialog include the text descriptor and upwio toded values. As criteria are
added they are included in the ‘Menu Attribute \&llist, in the order they will
appear in the drop down menu (Figure A3.4). Thawefhttribute value is indicated,
in this list, with an asterisk (*). This defaultlua is specified via a check box in the
‘New Menu Item’ dialog.

= Specify a name for the new attribute using the ext at the top of the ‘Edit
Menu Attribute’dialog. This name should be unigue aot contain more than 20
characters.

*= Click ‘New’ to add a menu item to the current duirtie.

= Complete the text descriptor and coded value fiddshe first menu item. Note
that the text descriptor and coded value are lnite20 and 6 characters,
respectively. Click ‘Add’ to accept these parametand create the menu item.
Repeat this process until all attribute criterignm items, have been entered,
ensuring that the ‘Default’ checkbox is selectedtfi® appropriate criteria.

A final requirement of the attribute definitiontts specify whether the attribute is a
required field. If an attribute is defined as auiegd field, a value must be specified
for this parameter during data collection. Altewally the attribute can be defined as
normal, data entry is optional or ‘not-permitteof’,data entry is not permitted. The
latter option is used in cases where the attrilsué@itomatically generated. This is
repeated both on creation, i.e. when the featuiiesiscreated and on update, i.e. if the
feature is later modified.

= At the base of the ‘Edit Menu Attribute’ dialog sifg whether the attribute is a
required field, on creation and update, using #ukor buttons.

» Finally click OK to accept the new attribute deffioim.

Within a data dictionary, features can have mudtgatributes therefore the attribute

definition process can be repeated to create fudttebutes.

Feature and attribute editing

Existing features and attributes can be editedatified. Edit dialogs are accessed
via the appropriate ‘Edit’ button, ensuring that fleature or attribute for modification
is selected. Edit dialogs are equivalent to the dabogs previously outlined.
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Data dictionary structure Import.

An alternative to the manual definition of the ddietionary within the editor, as
outlined previously, is the automated import of theionary structure. This structure
can be imported from an existing TerraSync roverdr ASCII format file. As import
from a TerraSync rover file would primarily formetibasis of data dictionary
modification, this manual will concentrate on AS@tport as a means of new
dictionary definition.

To enable import from an ASCII (*.txt) format, thile must be constructed in the
appropriate format, as expected by the Pathfinoiware. Figure A3.5 illustrates this
structure via the data model and based on an exataphset.

Data model:
Dictionary
Feature 1(Point, Line or Area)
Attribute 1(Menu, Numeric, Char, Date, Time)
(Attribute value 1)
(Attribute value 2)

(Attibure value n)
Attribute 2

Attribute n
Feature 2

Feature n

Example data:
"Landuse”, Dictionary, "Land use characterisatiatidnary"
"Sample point”, point
"Conservation”, menu, required, required
"Total", [LUCON1]
"Partial”, [LUCONZ2]
"N/A", [NA], default
"Collection”, menu, required, required
"Plant products", [LUCOL1]
"Animal products”,[LUCOL?2]
"N/A", [NA], default

Figure A3.5. The data dictionary structure withim ASCII format file for definition
import

The example dataset is that used in the creatidimedfand use characterisation data
dictionary associated with this report. This datdidnary concentrates on the
creation of menus for each attribute which are pettpd with text descriptors and
associated code values. Specification of attriougaus requires the format and data
information as outlined in Figure A3.6.
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Dictionary
Feature 1(Point, Line or Area)
Attribute 1, menu, ‘On creation’, ‘On update’
“Menu item 1 — text”, [code value 1Hefault)

Where;

* ‘On creation’ or ‘on update’ should be specifiece#tber ‘Normal’ or ‘Required’

The normal keyword indicates that a value can lbered for this attribute but the user is ng

forced to do so. Required indicates that a valustiie entered for this attribute.

e Code values should always be enclosed by squackedisa

e The default keyword indicates that the specifieshuniéem is the default value for the
attribute

—

Figure A3.6 ASCII file construction for definitiah a menu attribute

The data dictionary structure, as specified, shbeldreated and edited within a
simple text editor and saved with the extensioxt.*.t

It should be noted that rules concerning featuckatribute naming (section 2) are
still applicable within this method of data dictany creation and therefore should be
adhered to within the ASCII file construction.

* Within Pathfinder Office, open the ‘Data Dictiondggitor’ from the ‘Utilities’
menu.

» Select ‘Import from ASCII file’ from the ‘File’ mem Within the subsequent
dialog browse to the appropriate ASCII file. Cli€kpen’.

The data dictionary editor will now contain the néistionary structured as specified

in the ASCII file. This data dictionary should keved and subsequently modified
using the standard utility tools as appropriate.
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Appendix B
Land Cover and Land Use Survey:

TerraSync and Data Dictionary Operation Manual

1. Introduction

This manual outlines the GPS (Global Positioningt&y) operation for
implementation of a land cover and land use suvaged on the supplied data
dictionary for data input. The manual will focus iamplementation of the data
dictionary within the TerraSync software, on a TolenGeoXT or GeoXM device,
including field preparation, data collection anduks collation.

Software and Hardware requirements

The following components are required to follow thanual:
* Trimble TerraSync Professional installed on a TtanBeoXT/XM GPS
receiver
» Trimble Pathfinder Office and Microsoft ActiveSymstalled on a Windows
PC

What is TerraSync?

The TerraSync software is designed to allow theectbn of GPS and field survey
information. The software can be installed on Bdindows CE devices, with or
without, integrated GPS or on a standard PC.

If installed on a device with an integrated GP3\gdierraSync it is possible to
monitor GPS status, set GPS parameters, navigateset coordinates and collect
and update feature data.

This manual will concentrate on the implementatba field survey, using
TerraSync Professional Edition. It should be ndted a scaled down version of this
TerraSync product, TerraSync Standard Editionlsis available which imposes
restrictions on functionality. For example, thenstard edition does not support the
display of raster maps or images in the map seatiovered in section 4.

TerraSync Layout.

TerraSync is arranged into 5 sections, one of wisidiways visible (Figure B1.1).
The visible section is controlled by the secti@t tirop-down located in the top left-
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hand corner of the TerraSync window. The activéieeds that section visible when

the drop-down is contracted.
Section icon

Section

H name

° ¥ Map Section list
o . . button

. Navigation
a Drop-down

. Data list

e L Status

. o Setup

Figure B1.1 TerraSync sections and their selecfidre “Map” section is the
currently active view (Adapted from Trimble 2006).

Sections Introduction

Map

The map section is primarily used to aid navigatiothe field although it can also
aid in field interpretation and surveying. The ns&gtion allows the user to view
features within the current data file in additiorany pre-loaded raster or vector
background maps of the study area.

Navigation

This section enables the user to navigate fronm therent location to a pre-defined
location. Information included in the navigatiomnd@ow includes the distance left to
travel, bearing of shortest path and current hepdihe direction of travel, to achieve
the shortest path, between the current and taagstign is also indicated in the form
of a direction dial.

Data

This is the primary section used in data collegtamting and updating for both
positional and attribute information.

Status

The status section allows the user to monitorcthreent location and health of GPS
satellites being tracked by the unit in additiorthte current status of both the software
and data collection

Setup

The setup section is split into several sectionglwvhllow the parameters determining
the behaviour of the software, data collection @RS interaction between the unit
and GPS satellites to be specified.
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Sections and Subsections

Several of the TerraSync sections, outlined inpitewious discussion, have a series of
subsection elements. These subsections are seeg@mdent and allow further

control of the TerraSync software. Subsectionsalected using the secondary drop-
down typically found in the top left of the Terragywindow (Figure B1.2).

Subsection list button

I E ST

=
Skt |- o

Figure B1.2 Identification of the subsection bsitton and drop-down menu
(Trimble 2006).

If the current section being viewed has subsectioas the subsection list button will

automatically be available. Moving between subsactis possible at anytime
although some subsections may be unavailable demead the current task.
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2. Preparing for data collection

Prior to data collection the Pathfinder Office sadte will be used to transfer the land
cover, land use data dictionary and raster backgrooaps to the GPS unit.
Pathfinder Office is the PC based software thav@ganies Trimble GPS units
(needs to be purchased separately). This softwakedes tools which enable user to
plan GPS surveys and successfully download andepsaibe resultant data.

Creating a Pathfinder project

The Pathfinder Office software is based on the ephof projects. Whenever the
software is in use the processing tasks must bg@leded within a project. These
projects represent a good way of organising yota,dar example similar files from
a survey area or date, can be grouped.

Initially you will create a new Pathfinder projentwhich to conduct the PC based
work for the survey.

* Open Pathfinder Office from the Start Menu or degkton

On opening Pathfinder Office the “Select Projectiidow should open automatically,
if it does not open then seldete/Projects

From the “Select Project” dialog you can open aistag project, if a suitable project
for your current work has been created, or createvaproject.

To create a new project,
* Click ‘New’ at the base of the dialog to open tiRedject Folders” dialog.
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Figure B2.1 The Create new project dialog

» Specify a Project Name. A series of invalid chaecexist when specifying this
name these include characters such as +, >, ? and “

* Press Enter or click away from the input field taept the new project name.
The Project Folder field should be automaticallgated to reflect the default
folder for this project. By default the project namvill be the same of the folder in
which data generated by the project will be stored.

* Ensure that the Project Folder path is an acceptiblage location

* The remaining Folder fields can remain on the defaitings
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By default projects created within Pathfinder Géfmonsist of a series of data folders
automatically created by the software for use ffedent tasks. Within the main
project folder, named according to the name spetiior the project, are three
standard folders named ‘base’, ‘export’ and ‘bac¢kup

* Leave the remaining folder field names unchangeattept the standard folder
naming conventions.
» Accept the new project settings by clicking OK e t'Project Folders” dialog.

The settings you entered in the “Projects Folddralog should be reflected in the
“Select Project” dialog.

* Click OK to close the “Select Project” dialog.

Additional Information:

If you have already created a project and wishotdinue working in the same folder,
ensure that the existing project is selected irptiogect name drop-down list, at the
top of the “Select Project” dialog.

Connecting the GPS unit to the PC

The following tasks require the transfer of filesween the PC, Pathfinder software,
and the GPS unit therefore before continuing yostreasure that the GPS is
connected to the PC.

Please note that connection between the GeoXT hwhia Windows CE device, and
the desktop PC is enabled by Microsoft ActiveSyirtas software, which is freely
available for download from the Microsoft websi&yst be installed on the desktop
PC.

* Ensure that the cabling and docking station ar@ected.
The GeoXT connects to the desktop PC via a USBe@hnection. Ensure that
the USB lead is plugged into both the docking eaid USB connection on the
PC. Note that the cradle does not need to be ptligge an electrical socket for
data transfer this is only a requirement if the @R%&ice requires charging.

* Ensure that the GPS device is seated properlyatier

* ActiveSync should automatically prompt the userdomnection settings.

Connection can take the form of a partnership @sgaonnection. For details on the
most appropriate connection consult the MicrosdaftiveSync help.

Once a connection is established the ActiveSynktdpscon should become enabled

and show as green in colour.

File Transfer

Prior to the field survey the surveyor should eagtiat the data dictionary, sample
point locations and any required background mapstred on the GPS device.

Automated Geo-referenced data entry for agriculiarad use 62



The land cover and land use data dictionary

A data dictionary is a description of features, #ralr attributes, relevant to a
particular data collection task. In essence a diatsonary is a template for data
collection. This template provides the outline data collection tasks but does not
store either the positional or attribute data atdiees. Data dictionaries therefore
provide a means of structuring data collectiongaskcording to the required features
of a survey, and ensuring data integrity, by lingtdata input.

Background maps

Background maps will be displayed in the map seatiothe TerraSync software to
aid navigation and field interpretation. These maay be in a raster or vector
format, examples include aerial photography orl@&énagery of the area, or vector
format, examples include ESRI shapefile data camtgiriver or road networks.

Prior to transfer, format conversion and processinipese data may be required.

Raster data

Raster data should be stored in either a bitmap)pbJPEG (.jpg), MrSID (.sid) or
TIFF (.tif) format. To enable these raster dathealisplayed in the correct
geographical location within the map section thegudd be accompanied by a world
(.wld) file, which tells TerraSync how the pixels and relate to each other in
geographical space, and a coordinate system fiis. Jeoreferencing information is
easily created in a standard GIS package.

Vector data

Supported vector file formats are AutoCAD (.DXFEE Shapefile (.shp) and
Maplnfo (.mif). To be displayed correctly the vectlata should be georeferenced.
An additional processing step is required in theeaaf vector data prior to display.
This step, carried out using the import utilityréguired to convert the vector file into
a Trimble data file format (.imp).

« Ensure that the vector data is georeferenced asithble on the desktop PC
* Within the current Pathfinder Office project opée timport utility from the main

menu,Utilities/Import or by using the shortcut on the Utilities tooll

The “Import” utility dialog should appear similay Figure B2.2
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Figure B2.2 The “Import” utility dialog.

* To select the files for import click the ‘Browseutbon within the “Input Files”
section of the dialog.

* Navigate to and select the appropriate vectoiriiline “Select GIS Data Files”
dialog. Click ‘Open’ to accept the selected filelahose the dialog.

* The selected file for input should now be listedhia selected file portion of the
“Import” dialog.

By default the output file will be given an alphameric name and stored within the
project folder. It is recommended that the defaalne is changed to ensure a more
descriptive and appropriate file name.

» Click the ‘Browse’ button adjacent to the outpue fio open the “Specify Output
File” dialog.

* In the “Specify Output File” dialog specify an appriate file name for the vector
data. Click ‘Save’ to accept this name and disrisdialog

While several vector data formats are supporteddlt@ving instructions assume that
the vector data is stored in an ESRI shapefile &ramd that the file is georeferenced
to geographic coordinates on the WGS84 datum. Ithgddhe other vector formats is
similar, however, the setup parameters may vargthEudetails can be found in the
Pathfinder Office help.

* Ensure that “Sample ESRI Shapefile Setup” is setkceh the drop-down menu,
under the “Choose and Import Setup” section.

» Click the button labelled “Properties” at the bas¢éhe dialog to open the import
setup properties dialog.

The “Import Setup Properties” dialog contains aeseof parameters controlling file
import. Changing these parameters will influenaedharacteristics of the imported
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data file. For the current import, only a small raenof parameters need be changed
from their default values.

* Inthe “Import Setup Properties” dialog click ttabtiabelled “Coordinate system”

* The current coordinate system listed should exawtych that defined on the
shapefile. If the current coordinate system isawotect click the ‘Change’ button.
In the dialog which opens set the coordinate systethatitude/Longitude” and
datum to “WGS 1984 Click OK to accept the new syst

* The remainder of the import settings can be lefbhatdefault settings. Click ‘OK’
to dismiss the “Import Setup Properties” dialog.
The properties set should now be reflected in thennmport dialog.

* Click 'OK’ to proceed with the import
The progress of the import will be displayed irtats bar window.
* When import is complete dismiss the summary wintbgwelicking ‘Close’.

Data transfer
Once the raster image(s), data dictionary and itedorector file(s) have been

collated on the desktop PC they can be transfeéoréiie GPS unit using the data
transfer module of the Pathfinder software.

» The Data Transfer module is opened from the mainuyidtilities/Data transfer
or by using the shortcut on the ‘Utilities’ toolt

If you have not previously used the data transfidityuthen the ‘Device’ section of
the dialog will be greyed out. In this case a ne@wicke must be specified to allow
connection to the GeoXT via the Pathfinder Offioéwsare.

* Click the button labelled “Devices...” to open theé\ices” dialog.

* At the base of the “Devices” dialog click “New...”

* Inthe “Create New Device” window select “GIS Datgger on Windows CE”
from the list of available devices

* Click OK to close the “Create New Device” dialog

* The “GIS Datalogger on Windows CE” should now Is¢eld in the “Devices”
dialog. Click “Close” to close this dialog and netuo the “Data Transfer” dialog.

On returning to the “Data Transfer” dialog the “@)&talogger on Windows CE”
should be listed in the Device dropdown menu aediiblog should now be active.

If Pathfinder Office has been able to connect é0@eoXT the dialog will show that

the device is connected (Figure B2.3). If connechias not been successful the user
may have to search again for the device by clickinghe “Connect” button.
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Figure B2.3. lllustration of the “Data transfer” diog after successful (top image)
and unsuccessful (bottom image) connection to &eev

If a connection cannot be established after redcigcthe connection button check all
cabling and ensure that the ActiveSync guest dnpeship connection is properly
established.

Once a successful connection has been establisbethta dictionary and raster maps
can be transferred.

* Inthe “Data Transfer” dialog select the ‘Send’ talenable transfer of data to the
device.
* Once the ‘Send’ tab is selected, click the ‘Addghdown menu

Specifying the data dictionary

» Select “Data dictionary” from the ‘Add’ drop-downemu

* Inthe “Open” dialog which opens automatically bemio and select the survey
data dictionary

* Click ‘Open’

The data dictionary file should now be listed ie the transfer dialog

Specifying the raster images

» Select ‘Background’ from the ‘Add’ drop-down menu
* Inthe “Open” dialog browse to and select the appate raster image(s)
e Click ‘Open’

The raster image file(s) should now be listed &‘fhile Transfer” dialog

Specifying the imported vector files

» Select ‘Data File’ from the ‘Add’ drop-down menu
* Inthe “Open” dialog browse to and select the ingawrector file (.imp)
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* Click ‘Open’
The vector file(s) should now be listed in the &ilransfer” dialog

Transferring the files
* Click ‘Transfer All' to complete the transfer prase

During data transfer a progress bar will be dispthghowing the progress on the task.
Once file transfer is complete a file transfer ctetgd message will be displayed.

» Dismiss the transfer complete message by clickiogec

During transfer a log file (.txt) is created in fject folder. Should transfer be
unsuccessful it is recommended that this file isrmgul, from either the transfer failed
window or “My Computer”. Inspection of this file recommended to determine why
transfer was unsuccessful.

Survey point locations

As the survey point locations are all predetermiaecbrding to the sampling scheme,
these data can be transferred onto the GPS uaid toavigation.

The following steps assume that the survey poidtions are held in a georeferenced
shapefile, projected to the same coordinate syatethe raster image files.

Two methodologies can be followed for the transfed display of these survey
locations. The first methodology uses the sameagupr as the vector background
files in which the shapefile is converted to a Toienformat, via the import function
in Pathfinder Office, prior to transfer to the uritternatively, the shapefile can be
transferred to the GPS device in its current formanversion to a Trimble data file
format is then achieved within the TerraSync sofewdo allow further exploration
of the function of TerraSync the second methodoletiybe outlined.

As Pathfinder Office does not support the transfeshapefiles to the GPS device, via
the data transfer utility, the shapefile must la@sferred to the device using the
standard “My Computer” tools.

e Ensure that the GPS device is connected to theae8IC via ActiveSync

* Open “My Computer” on the desktop PC

* Navigate to the survey point location shapefile the ‘Copy’ tool to place this
shapefile onto the clipboard.
Note: A shapefile is not a single file when viewedMy Computer”. Instead the
file will consistent of multiple files, each withé same file name but varying
extensions (.shp, .shx, .prj, .dbf).
Ensure all file elements are placed onto the ckpbo

* Navigate to the Mobile Device (GPS unit) in the “i@pmputer” dialog of the
desktop PC. As the devices are connected via A®yive you should be able to
paste the shapefile into an appropriate foldethemobile device.
If you cannot see the drives of the mobile devioenfthe desktop PC check the
docking cradle cabling and ActiveSync connection.
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Project Planning

A further utility of the Pathfnder software is ajact planning tool which is designed
to aid the scheduling of GPS field sessions. ThiEKPlan extension or utility

allows prediction of satellite availability at eashrvey location and determination of
the best survey periods based on required PDOR@nber of satellites constraints.

The Quick Plan utility is based on the GPS sage#limanac. The almanac data set
contains time and position information for each Glallite orbit. An almanac
typically contains predicted satellite orbit infaxtron over, approximately, a calendar
month.

To ensure reasonably accurate results the QuickuRility requires a current
almanac. If the desktop PC does not have an aln@rtae current almanac is out of
date it is important to obtain a current versioioipto using the utility. Up-to-date
almanacs can be downloaded from two locationstl¥itse file can be downloaded
from a GPS receiver or datalogger and secondlyGP& unit is not available a
current file can be downloaded from the Trimbleinget site (www.trimble.com).

Updating the Almanac
Prior to downloading the current Almanac from theéS=datalogger it is important to
ensure that the device contains an up-to-date file.

* OQutside, in an area of relatively open sky, turrtftenGeoXT unit.
» Start the TerraSync software from the start meeskubp icon or inbuilt GPS
shortcut, F1, if available.

More information on TerraSync and its operatiorn b given in later sections of this

manual. The following instructions cover only hawdetermine the currency of the

almanac.

* Using the drop-down menus in the top left hand epnavigate to the “Sat Info”
subsection of the Status screen by ensuring thentapu has status listed and “Sat
info” is selected from the bottom menu as illugicain Figure B2.4
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Figure B2.4 The satellite information window asaans to check almanac currency
(Trimble, 2006)

The TerraSync window should appear similar to th&tigure B2.4, please note that
there will be some variation as the satellites peiacked will differ as will the GPS
settings in the status bar.

The date of the almanac, last received by the deigdisted towards the bottom left
of the dialog, for example, T8Viay 2006 in Figure B2.4. If the date is not cutren
(within a month) or is replaced with a question kn@) there is no current almanac.
In this case ensure a clear sky view and allow fon¢he device to receive satellite
broadcasts containing the new almanac. Once a imanac is received a small
message will appear in the status bar (at the fttipeadisplay).

Downloading the almanac
After ensuring a current almanac is available @dévice this can be downloaded to
the desktop PC.

If Pathfinder Office was closed after data trangfierfollowing tasks are required to

re-open the existing project.

e Open Pathfinder Office.

Almanac transfer must take place within a Pathfiri@ice project. As a project was

previously created, to transfer data files to teeick, this project will be used for

almanac transfer.

* On opening Pathfinder Office the “Select Projecifidow will open by default. If
it does not open then selddte/Projects

In this dialog you can open an existing projec guitable project for your current

work has been created, or create a new projetthidrcase the project created prior to

field survey will be re-opened.

* In the “Select Project “window ensure that the narhthe project you created
prior to field survey is selected in the projectm@adrop-down list

* Click OK to close the “Select Project” dialog.
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To download the almanac from the GPS device,

e Ensure a USB connection is established betweeG B and desktop PC using
ActiveSync
* In Pathfinder Office open the data transfer utifiym the main menu,

Utilities/Data transferor by using the shortcut on the Utilities tooH

In the “Data Transfer” dialog ensure “GIS Datalogge Windows CE” is the listed
device within the “Device” dropdown menu.

If Pathfinder Office has been able to connect eo@20oXT the dialog will show that
the device is connected (Figure B2.3). If connechias not been successful the user
may have to search again for the device by clickinghe ‘Connect’ button.

If a successful connection cannot be establishied ed-clicking the connection
button check all cabling and ensure that the A&y guest or partnership
connection is properly established.

Once a successful connection has been establiseedmanac can be transferred.

* Inthe “Data Transfer” dialog select the “Receival) to enable transfer of data
from the device.

* Once the “Receive” tab is selected, click the ‘Adddp-down menu, select
‘Almanac’.

e The “Data Transfer” window will automatically opeequesting the output
location and file name for the transferred filealze these settings at the default
values.

» Click ‘'OK’

The almanac should now be listed in the files teenee section of the “Data
Transfer” window.

e Click ‘Transfer All' to initialise the transfer

* Click ‘Close’ to dismiss the “Transfer Complete” ssage.

» Close the “Data Transfer” utility and return to tin@in Pathfinder Office window.

Quick Planning

* Open the “Quick Plan” tool using either the mainmmJtilities/Quick Planor
toolbar icon ]

On opening the “Quick Plan” tool a wizard will aatatically open to aid setup of the
survey parameters.

* When prompted select the appropriate date for wihielsurvey is planned.
* Click ‘OK’ to accept the date.

The wizard will automatically open the “Edit Poirtialog box. The “Edit Point”

dialog allows selection or definition of a pointveltich GPS observations are
planned. Quick Plan will calculate satellite visitigifrom the location.
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Points can be selected by clicking on a world nsafecting a city from a predefined
list or manual keyboard entry. As the survey lamatoordinate is precisely known
the following instructions illustrate keyboard gntor point creation.

* Click ‘Keyboard’ in the “Edit Point” dialog

For point definition a name, latitude and longitwd®rdinates must be specified,
other data entry fields are optional.

* Enter an appropriate name in the “Station Iderdtfan” section of the dialog.
This may be, for example, the sample point idezgtion number.

» Click inside the latitude input box. Specify thétlade of the survey location
ensuring that the coordinate is given in degreésytas and seconds with each
element being placed in the appropriate box.

» Specify whether the latitude coordinate is North ¢NSouth (S) using the radio
button adjacent to the coordinate.

* Repeat for the longitude coordinate.

If further information about the survey locatiorkisown it can be entered into the
remaining fields or they can be left as defaultpgnvalues.

* Click ‘OK’ to accept the changes and return to“tadit Point” dialog.

* The coordinate and name information specifiedtiergoint should be listed in
the “Edit Point” dialog.

* Click ‘OK’ to create the point

The Quick Plan utility automatically displays thatss dialog outlining the
parameters for the current session. Now that a pais been created and a survey
date specified, information on the number and gennué satellites at the point on
the specified date can be visualised.

e From the main menu in the Quick Plan window s€lécaphs/Number SVs and
PDOP”.

A graph should be created in the main window wipicits the number of satellites
and PDOP against time. The time axis representsuiivey date selected split into 4
hour sections. Within the graph, Quick Plan usdéswdo distinguish different types
of information, for example, magenta is used tadat greater than 11 satellites
while red indicates less than 4 with a gradationadurs in between.

Automated Geo-referenced data entry for agriculiarad use 71



EIPDOP =] B3
14 |
12

10

FDOP

22:100 0:00
irme: Major tick marks = 2 Hours. (Sampling 2| mates)

N/ \

Low PDOP, adequate number of SVs High PDOP, marginal number
(green, cyan, blue, or magenta) of SVs (red or yellow)

Figure B2.5. Interpretation of the Quick Plan PD@QRph

Using the graph it is possible to identify periaising the day when the number of
satellites visible or satellite geometry at theveyrlocation will be poor (i.e. PDOP
high, number of satellites low, indicated by yellowred bars). The identified time
periods should be avoided for field survey. FigBge5 indicates how to interpret the
graph.

The Quick Plan utility has a variety of further ghécal display and parameter settings
which can be used to further refine survey planthiogever, these tools are too
numerous to outline in this document. For furtmoimation, the reader is directed to
the Quick Plan help file or Pathfinder Office docmtation.

» Exit the Quick Plan utility Eile/Exit).
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3. GPS Setup and Initial Tasks

The remaining sections of the manual illustrate tosvGPS can be utilised to
navigate to sample points and record land useamdidover using a data dictionary.
Prior to using these tools, initial tasks shoulccbmpleted to initialise the GPS
receiver.

Initial tasks

Tasks which should be completed once in the figlidy to data collection are:
» Opening Terrasync
» Check the GPS status and ensure a clear sky view

Opening TerraSync

TerraSync is available from the start menu of teei@k on which it is installed.
Additional shortcuts to the software, if installede the desktop icon (open via a
double tap) and satellite shortcut button (F1) @elp to the GeoXT screen.

By default TerraSync will open in the “Status” sent

Checking the GPS status

Prior to checking the GPS status you must ensateytiu have a clear view of the
sky. GPS signals are influenced by buildings, hdesy cover and any objects which
will act to block or deflect the GPS signal. Thandition is true both when starting
the GPS unit and during data collection.

By default TerraSync will open on the “Status” &t if you are not currently
viewing the “Status” section you should move te thection using the section drop-
down.

The “Status” section contains a series of elemwhish indicate the current status of
the GPS signals and receiver.

& sans [ |5 & E
Satellites being tracked ;_:"p'”t |- * North indicator
but not being used to = - T H
compute positions = = = 4 Harizon
] i
Satellites being used to L / Minimum
compute positions I elevation
A3 20E0,870 T 172535354, [49°E
Current position Follm FoaR e Fé[;?upm
Froduchviy Preosion

Figure B3.1 The “Status” section of TerraSync ame@ans of checking the GPS status

Important elements you should consider in the t&fasection are (Figure B3.1):
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Satellite locations

The central diagram of the window indicates thetmn of the GPS satellites relative
to your position and the horizon, depicted by tbeepblack circle. Each satellite is
represented by a small numbered square; this nuimberque for each satellite
within the GPS constellation. If the square ifillin, black in colour, then the
satellite signal is sufficiently strong and thisedlite is being used to compute the
current location. Alternatively unfilled or whitatellites are those being tracked but
not used to compute a location at the current tifhe. satellites being used will vary
according to their location in the sky, satellibegst be above the specified elevation
mask (indicated by the red line). Satellites belbis mask are considered too close to
the horizon and therefore too prone to error intgyscalculation hence they are
excluded.

To enable data collection you must be tracking@msidering at least 4 satellites. A
summary of the number of satellite with sufficigrgtrong signal and therefore being
used to calculate the current position is includethe top of the

dialog@ 2indicating that 5 satellites are being used.

Please note, on initialising the GPS receiverHterfirst time or after a period of
inactivity the unit make take a few moments to datee satellite locations and start
tracking. During this time the device is receivihg current satellite almanac. The
almanac is a data file, transmitted by the GPSlgase that contains orbital
information on all GPS satellites, clock correci@nd atmospheric delay parameters.
It is used to facilitate rapid connection to theS=tellites.

Position dilution of precision (PDOP)

In addition to the number of satellites being tetlanother important consideration is
the location of these satellites in the sky. Sigslishould be well distributed and
relatively high in the sky, as illustrated in Figus3.1.

These positional considerations are reflectederRBOP measurement. The PDOP
measure stated at the base of the dialog is a meakthe quality of the GPS signals
based on the geometry of the satellites being tesedlculate a position in the sky.
When satellites are well spaced in the sky relgtit@each other then the PDOP
value is low and the GPS signal accuracy high.

PDOP is therefore an indication of the qualityled GPS signal being received, the
lower the PDOP the better the accuracy of any logaheasurements.

Battery status

The battery status for the device is indicatechendtatus bar at the top of the window.
This is visible whenever TerraSync is in operation.
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4. Navigation and Background Maps

Ideally the surveyor should use standard maps aod/ledge of the local area to
travel as close to the pre-determined survey lonas possible. Once in the
proximity of the survey location the GPS unit slibloé switched on, the TerraSync
software initialised and the initial tasks, outlin@bove, completed.

Once the GPS device is tracking sufficient sagslib compute a position the unit can
be used to display images and vector data of & @nd navigation tools used to
refine the surveyors’ location relative to the synlocation.

Background maps and datasets

To aid navigation any raster background maps o&tka and the survey locations can
be loaded into the Map section of TerraSync.

The Map section of TerraSync
The main elements of the map section are illusiratd-igure B4.1.
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Figure B4.1 Main elements of the map section wilfeérraSync
(Trimble 2006)

When open the Map section will illustrate featusssociated with the current data
file, the current GPS location and the navigati@mtsand finish locations (if set). In
addition raster images and vector datasets caddetao the display.

Tools for controlling the display of the Map sedatiare located on the command bar
and within the three list menus.
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Command Bar Tool£lt|+|=2|@|2|E]

The command bar tools allow panning and zoomingiwithe map display, enabling
the user to focus on particular features.

el Bl Il s Pan tools

Pan the map half of its width (or height) in a leight,
upwards or downwards direction.

I:-EIIEI Zoom tools

Zooming tools which magnify or reduce the map scale
focused on the centre of the map display

IE:' Zoom to extent

Resets the zoom factor to enable viewing of alh didds
within the view

Map ToolsZl=]
Further map display navigation tools are locateithiwithe map tools list menu
A Select tool
Using the select tool tap on map features to selekighlight
them

jojs

Interactive zooming tools

When these tools are selected either tap on aespaght or
click and drag a rectangular area to magnify oucedhe
scale of the map display focused on this area.

Interactive panning tool

When selected click and drag within the map dispday
change the focus of the map area.

Digitise tool
This tool can be used to create features withimihp display

Measurement tool

The length between map features or area encomphgsed
series of features within the map display can lierdened
using this tool.

Options List Men 22Ha0=T

This list menu contains items which control the rdegplay and enable navigation.
Specific tools within this menu will be consideliedater report sections.

Layers List Menlt3¥& 7

This list menu contains tools which control thedesyvisible within the map display.
For example, tools to control the background viegvlacated within this list.
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Setting the view coordinate system
Prior to viewing the image and vector data the appate coordinate system must be

set on the device.

Note: The following instructions assume that therdmate system used for the raster
image and survey locations are based on the WG&sdnd The following

parameters will need to be adjusted to the mapdooate system used in your
country.

* From the “Section List” menu select ‘Setup’.

In the “Setup Section”, click the button labell€&bordinate System’ to open the

“Coordinate Systems Parameters” dialog.

* From the ‘System’ drop-down menu select “Latitudeigitude”

e From the ‘Datum’ drop-down menu specify “WGS 1984”

» Set the ‘Altitude Reference’ to “Mean Sea Level (MSand ‘Altitude’ units to
“Meters” using the appropriate drop-down menus.

The remaining fields ‘Geoid model’, ‘Geoid ‘and $play USNG’ can remain at the
default values.

e Click ‘OK’ at the top of the window to accept tharpmeters

Note: The parameters set in the preceding stepsaviy according to the coordinate
system of the datasets.

Loading background raster images

* From the “Section” list menu select ‘Map’.

* From the “Layers” list menu, click “Background Fil¢ The map will be replaced
with the “Background File” selection dialog (Figusd.2).
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Background File K, | Cancel | 2

Location Default -
File Type Background hd

Filas

Files | Format
More

Sarnple Background BMP

Figure B4.2 Background File selection dialog.
Trimble (2006)

* Ensure the “Location” drop-down list menu is sefDevice’.
» Set the “File Type” to ‘Background’ using the drdpwn list
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The available raster image file(s) stored on thaage should now be listed in the
files section at the base of the dialog.

» Highlight the appropriate raster image for the gtacka in the “Files” section.
* Click ‘OK’ to return to the map display view.

Note: If the coordinate system of the raster imamyges compared to that of the
current map display (WGS84, set in the previoug)stevarning message will be
displayed and the raster not added to the map windo resolve this issue check the
projection definition in the “Setup” section.

If the coordinate systems match on returning tontlag view, in addition to your
current GPS location, the raster image shouldadsaisible.

If the background image is not visible ensure thatlayer visibility is enabled. The
background layer is visible if the “Background” mpt is checked within the “Layers”
list menu (Figure B4.3). By checking and un-chegkims option the background
layer visibility can be toggled between visible dndden.

ed Features
lnfilbered Features

Between Feature GFS
v Background
v EPS Trail

Background File, ..
Lawer Formatking...

Figure B4.3 Background layer visibility

Loading background vector layers

* From the “Section” list menu select ‘Map’.

* From the “Layers” list menu, click ‘Background Filé The map will be replaced
with the background file selection dialog (Figuré.B).

* Ensure the “Location” drop-down list menu is sefDevice’.

* Set the “File Type” to ‘Data File’ using the dropwin list

The available data file(s), stored on the devibheu&d now be listed in the files
section at the base of the dialog.

» Highlight the appropriate imported vector file(s)
e Click 'OK’ to return to the map display view

On returning to the map view, in addition to yourrent GPS location, the vector
data should also be visible.

If the background layer is not visible ensure thatlayer visibility is enabled. The
background layer is visible if the “Background” mpt is checked within the layers
list menu (Figure B4.3). By checking and un-chegkims option the background
layer visibility can be toggled between visible dandden.
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Loading the survey point locations

While the survey point locations are vector dagytwill not be loaded into the map
view using the background layer approach. A disathge of viewing vector data
files within the background layers of the map dagpk the loss of feature attributes.
While the feature attributes are held in the dégettie map section is designed to
eliminate this information to minimise computingjugrements. In the case of the
survey locations the tabular data or feature atteib contain important information
regarding the survey points. To ensure this infaionas available to the surveyor the
data file will be opened within the data sectiormefraSync.

Opening the survey point data file in the dataieaawill allow attributes to be
viewed by the surveyor. A disadvantage of this apph is the potential size of the
resultant data file and associated attributesdfdriginal shapefile contains a large
number of sample points the surveyor should consiglting the file into sub-areas
to limit file size.

Prior to opening the survey location data file shapefile must be converted into a
Trimble file format using the tools available withTerraSync.

* Navigate to the “Data” section of TerraSync, selPetta’ from the “Section” list
menu

e Select ‘File Manager’ from the "Subsection” menu

e Select ‘Read data from shape’ from the “Optionst thenu to open the “Read
from Shape” dialog.

The “Read from Shape” dialog allows the shapetileé converted into a TerraSync

data file.

* Enter an appropriate name for the TerraSync dstanfithe “Create data file”
input box.

e Using the “From Shapefile(s) in” drop-down list nuemavigate to the folder in
which the survey location shapefile is stored.
The survey location shapefile should now be listethe base of the dialog in the
“Include” section.

» At the base of the dialog, in the Include sectemsure that the check-box
adjacent to the survey location shapefile is cheécke

» Click ‘OK..

A dialog will be shown which indicates that conversis taking place.

Note: once this conversion process has been uhkéearthe data file will be stored on
the device therefore the conversion process neeldenepeated at each survey
location.

* Once the conversion process is complete dismisSteversion” dialog.

To open the newly imported file or pre-existing fil

* Navigate to the “Data” section of TerraSync, set@ata” from the section list
menu.
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» Select “Existing File” from the “Subsection” menu..

* In the existing file list, using the scroll barsécessary, locate the TerraSync data
file you just created, containing the survey lomas$i. Select this file using a single
tap or click.

* Click ‘Open’.

The survey location data file is now open, TerraSyill automatically move to the
"Update feature” form. During the survey you do migh to update these features as
they will be used solely for navigation therefomuyshould navigate away from the
“Data” section of TerraSync.

* Navigate to the “Map” section of TerraSync, sel&tap” from the “Section” list
menu

The survey point locations should now be visibléhimi the map composition.

Navigation

Navigating to the survey location will involve bdtie map and navigation sections of
the TerraSync software. Navigation targets (thgesupoint) will be set within the

map section while the navigation section will infothe surveyor of the shortest path
to the target location.

The Navigation section of TerraSync
By default the navigation section of TerraSync, whdarget is set, will appear as
shown in Figure B4.4.
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Figure B4.4 The navigation section of TerraSynth & target set.
(Trimble 2006)

The main element of this window, when navigating target, is the direction dial
which is located centrally in the window. This diadlicates the surveyors’ current
direction of travel (heading) relative to the tdripeation. Therefore to reach the
target location, using the shortest path, the sinvshould align the arrow (direction
to target) with the current direction (the triangtethe top of the dial).

When using this navigation dialog there are twoongmt elements which should be
considered. Firstly, to calculate an accurate otifneading and therefore required
travel direction the GPS unit must be moving. # gurveyor is moving too slowly or
stationary the heading arrow will appear to fre&econdly, the arrow indicates the
shortest route to the target location, this mayheothe safest or most appropriate path
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in terms of land use and land ownership therefeteuts away from this suggested
route may be required.

In addition to the navigation dial the navigati@tison of TerraSync is supplemented
with a series of information fields which providether details on the current
heading, distance to target etc. These informdiads can be replaced by a series of
information fields using the drop-down option a gide of any current field.

When the surveyor approaches a specified distanoethe target the navigation dial
will be replaced with the close-up screen (FigudeSB.
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Figure B4.5: The close-up screen (Trimble 2006)

The close-up screen is designed to enable theygurt@ accurately locate the
required survey location. This is achieved by ahgrthe current GPS position (cross)
centrally on the target (circular bulls-eye). Tlhase-up screen is aligned relative to
the current heading, when the screen is first opehleis heading or alignment is not
updated on the close-up screen therefore it ismewended that the surveyor travel
forward, backwards and sideways, if necessarylida the current location and target
rather than turning sharply.

The close-up range, distance at which the navigatial changes to the close-up
screen, is specified within the navigation optibsismenu.

Setting the navigation target

» Display the “Map” section of TerraSync, select “Md@m the section list menu

* Ensure that the dataset containing the surveyitotats open within the map
display, as discussed above.

» Using the zoom tools, zoom in on your current lmsaand surrounding survey
locations.

» Select the “Select tool” from the map tools listma, "

» Tap or click on the survey point to which you wismavigate.

This point should now be selected indicated byumsg selection area and the
feature attributes displayed on the screen.

* From the “Options” list menu select “Set Nav Tafdgetlowed by the survey
point which will be identified in the menu via iimique identification number,
followed by the name of the datafile i®survey points location.

The navigation target symb*<¢ should be displayed over the survey point to
which you wish to navigate.
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Navigating to the target location

* Now that the navigation target is set move to #é@gation section of TerraSync,
select “Navigation” from the section list menu.

» Confirm that the navigation target is set by engyithat the set target reads
“Target: ID Survey location Poifitat the top of the navigation window. If the
display reads “Target: No Target” the target hasbeen set successfully, return
to the map section and reset the navigation targjag the previous instructions.

Prior to starting the navigation section, the clopaange should be set.
» Select “Navigation Options” from the “Options” listenu in the navigation

section. The navigation dial will be replaced bg ttavigation options form
(Figure B4.6).
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Figure B4.6 The navigation options form and cloperange
(Trimble 2006)

* The close-up range is specified by typing a vatte the “Range” drop-down
box.

The most appropriate range for use of the closseugen is largely a function of
landscape, terrain and surveyor preference. titeiefore recommended that the
surveyor test various values. An initially suggdstalue is the default 5m. It should
be noted that it is possible to disable the clgssareen by the selection of ‘None’ in
the “Range” drop-down menu. This is not recommerated may impact on the
accuracy with which survey points are located.

» Set the range, in the close up portion of the dialo an appropriate value i.e.5m.
* Return to the navigation dial window by clickingKQOin the navigation options.

As the navigation target and options are now sesthvey point can be located.

» As stated previously you must be moving to ensaracurate heading and target
direction are calculated. Start moving towardssiwey location.

* As you move ensure that the arrow in the directiahis aligned with your
current heading, the triangle at the top of thé dia

» Continue travelling towards the survey location.

» At the specified range the navigation dial willfeplaced by the close-up screen.
Keep travelling until the current GPS location,sg@nd target, bulls-eye are
aligned.
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Please note that due to varying positional inforamatrom the GPS you may find that
your current location relative to the sample paiminges. As a result the “true”
survey location may not be identifiable. Judgenmeay be required as to the location
of the sample point relative to the changing GPStjom.

Once you have reached the survey location you dHolibw any rules considering
the survey, in terms of linear features, boundastes

Clear navigation targets and close survey poinadde

Once you have reached the survey point you are/ fieagtcord the land cover and
land use information at that location. Prior testhowever, it is necessary to clear the
navigation targets and close the sample pointi@esitdata file.

* Return to the “Map” section of TerraSync, selecafifrom the "Sections” list
menu.

» Select “Clear Nav Targets” from the “Options” leenu.

* Return to the “Data” section of TerraSync, sel@adta’ from the “Sections” list
menu.

* Ensure that you are in the “Update” subsectiorgcteUpdate’ from the
"Subsection” list menu.

» Click the button labelled “Close” to close the dhia

* Click “Yes” when asked if you are sure you wantkose this file.

On returning to the map view the survey point laoe should no longer be visible.
Please note thatosing of the survey point location file is neceasy to allow
further data collection. Once data collection fog turrent survey point has been

completed this data file can be re-opened to aiigation to remaining survey
locations.
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5. Data collection

Data collection in this survey will be based orre-gefined data dictionary. This data
dictionary was transferred to the device in seclion this appendix.

At the first survey location a new data file shob&lcreated in which to store the
feature and attribute data. At subsequent surveatilans this initial file can be re-
opened. Both of these tasks, in addition to datarteng are achieved in the “Data”
section of TerraSync.

Data file creation

« Open the “Data” section of TerraSync, select ‘Da&tarn the “Section” list menu.
* Select “New File” from the "Subsection” list mermdpen the “Create New Data
File” form (Figure B5.1).

ETTTRE 2 iy =
Py | Cresbe
Fls Type: o -]
Lt
Pl Hama;
RTELTL4A

D tioraany b @ i G

Figure B5.1 New data file creation form
Trimble (2006)

In the “Create New Data File” form you must spetifg file type, file name and data
dictionary

File Type
Two types of data file, rover and base exist withie TerraSync software.

Rover Files
A rover file refers to a file created on a mobilB&device. Typically the location of
features recorded within this rover file are natwaately known.

Base Files

A base file differs to a rover file in that the &ion of the GPS device, at which data
is being recorded, is known. The purpose of thgelide or base station GPS is to
record the derived GPS position at a known or esfeg location. Recorded
concurrently with a rover file this informationtigpically used for differential
correction, a process which compares the erroetwden the known and GPS
location of the base file as a means of improviregdccuracy of rover file (or
unknown) GPS locations.

This survey will concentrate on the rover file tyggedata is recorded at a series of

unknown locations. The survey locations are comsaienknown because although
the intended survey location is used for navigatiwre will inevitably be inaccuracy
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in the navigation target. By determining the ac@@BIS position a more accurate
survey location is recorded.

* Ensure that rover file is specified in the “Filepey drop-down menu.

File Name

As implied the file name refers to the name ofrihveer file which will be created.
When this section is opened TerraSync automatiggherates a rover name based on
the current date. It is suggested that this defaellhame is replaced with a more
descriptive file name. The file name should meatdard Windows file naming
conventions.

» Specify an appropriate file name.

Note, the filename is specified using the inbuildiacter keyboard. This can be
accessed from the GeoXT shortcut keys at the fabe screen display.

Data Dictionary

As stated previously, data collection will be basad pre-defined template or data
dictionary. This data dictionary should be spedifieghen creating the new file. Once
specified this association is permanently embeddt#dn the rover file.

* Using the drop-down menu ensure that the dictionaryie reflects the survey
specific data dictionary file transferred to theide in section 1 of this appendix.

» Click the button labelled “Create” to finalise thettings and create the new data
file.

As the new data file is created you will be prondptie confirm the antenna height.
The antenna height refers to the distance betweemtegrated antenna on the
GeoXT unit and the ground. This measurement isiredwo ensure accurate GPS
position calculations.

» Enter the appropriate antenna height in the inputusing the inbuilt keyboard.
Note that antenna height should be entered in MES.RE

When working with the GeoXT unit the antenna heigtgasily varied according to
how the unit is held due to its integrated receoarstruction. To try and ensure
consistency it is recommended that a comfortabléitg position is consistently
used. Alternatively a pole or tripod of known heighn be used to support the device.

Once the antenna height is specified the “Collata'dform will automatically open.

GPS settings

This manual will not provide an exhaustive des@ipbf all GPS parameters and
settings available within the TerraSync softwardindited number of parameters will
be considered as setting these parameters is eédoir data collection. Additional
parameters are set within the data dictionary glpesameters will be loaded by
default and hence the surveyor need not considsetharameters in the field. More
details on these parameters is available in thee diationary portion of the manual.
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GPS parameters are set after data file creatiengare that the parameters are stored
within the file. As a result, GPS parameters deedpecific. However, when a file is
re-opened the originally specified parameters bélpreset.

Logging Settings
Many of the logging settings are pre-defined indhé& dictionary hence only one
parameter will be considered here.

* With the data file still open, move to the “Setg&gction of TerraSync, select
‘Setup’ on the section list menu.

* Click on the button labelled “Logging Settings”.

* Ensure that the drop-down menu labelled “Confirnd Eeature” is set to “Yes”
(Figure B5.2).

Confirm End Feature: -
Filename Prefix:

i |

Figure B5.2 Confirm end feature, logging settings

* Leave all other menu items at the default value.
» Click ‘OK’ to exit the logging settings.

Real-time Settings

e Ensure you are still in the “Setup” section of B&ync.

* Click on the button labelled “Real-time Settings”.

* Ensure that “Use uncorrected GPS” is selectedari@mnoice 1” drop-down
menu.

* Click 'OK’ to accept the changes and return to‘tBetup” section.

GPS Settings

As stated previously PDOP is a measure of the tyuzlithe GPS signal and therefore
accuracy of the calculated positions. When colhectata, a limit or maximum PDOP
can be set, if the PDOP reaches a value aboverdefined limit data collection will
stop as it is assumed the calculated positionsagoto great an error.

When setting this maximum allowable PDOP valuerap@mise between accuracy
and productivity needs to be made. If a low maxinRDOP value is specified the
GPS positions recorded can be assumed to be aechoatever, productivity may be
compromised as PDOP values lower than the spedifikte less frequently
achieved.

A recommended PDOP value is 6, the default, ammhanwonly used value. However,
the surveyor will have to monitor the productivityplications of this PDOP value.

* Click the button labelled ‘GPS settings’ in the t§& section.
* Ensure the “DOP type” drop-down is set to ‘PDOP’.
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The PDOP limit or mask value can be set using edtsider or manual input. The
following instructions will focus on slider input.

» Ensure the box adjacent to the slider bar is chiecke

» Click on the slider bar until an appropriate PDGiue is listed in the “Max
PDOP” field.

* Click ‘OK’ to return to the “Setup” section.

Data collection

* Ensure that the “Data Collection” form is display®dselecting ‘Data’ from the

section list menu and ‘Collect’ from the subsectishmenu (Figure B5.3).

EEA| i

Colect_ |+ | options ~| cse |

File:  R102521B
Choose Feat

Figure B5.3 Generic data collection form

The data collection form will vary according to t&ta dictionary which forms the
template of data collection, the form shown in FeggB5.3 is based on a generic
dictionary. Characteristics common to all dataestlbn forms, irrespective of data
dictionary, are that that they contain at least f@ature which is either a point, line or
polygon and that they can contain multiple featamed multiple feature types.

Creating a new feature

In the case of this survey the data dictionary, thedefore data collection form,
contains a series of point features. These indegregmubint features are defined to
represent the land use classification and thirgestd the dichotomous phase of the
FAO LCCS classification,

» Cultivated and Managed Terrestrial Area(s)

» Natural and Semi-Natural Terrestrial Vegetation

» Cultivated Aquatic or Regularly Flooded Area(s)

Artificial Surfaces and Associated Area(s)

Bare Area(s)

Artificial Water bodies, Snow and Ice

Natural Water bodies, Snow and Ice

Land use classification

(Greyed items are not available in the current destration data dictionary)

VVYVVY

Behind each of these features is a set of attshuthich are feature specific, and
determine the types of data which must be recoadi¢ite survey location.
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Upon reaching the survey location, when recordiggriew feature position and
attributes, the surveyor must initially record taed use and subsequently the LCCS
information. In terms of the LCCS classificatione tsurveyor must determine which
of the LCCS classification descriptions best déssithe survey location as this will
determine the point feature type created and reduattribute fields.

» Locate the Land Use feature in the TerraSync daltaation form. Select the
point feature using a single click or tap. Thismdeature should be highlighted.
* Click the button labelled “Create”
The logging position form will automatically repkathe data collection window.

Whenever the maximum PDOP is below the specifiddev&PS positional data is
recorded for this survey location. As a result,sheveyor should stay stationary at
the point and ensure that the GPS antenna remaiiis s

Collecting GPS positions
As stated previously as soon as the new featune&ed GPS logging will

commence. This is indicated by the additional laggtatus symbc f.z in the main
TerraSync status bar. This symbol is accompanieahbipcrementing number
indicating the number of GPS positions currenttyorded at the point. Ideally, to
improve accuracy, a number of GPS positions shbeldecorded at each survey
location to allow averaging in the final positioatdrmination.

The data dictionary has been constructed to enbatet least 120 GPS positions are
recorded at each survey location. These positiathd&recorded at a 1 second
interval whenever logging is viable.

If GPS logging is interrupted, due to GPS signatlor PDOP values exceeding the
stated maximum, the logging status symbol will edasrementing. An additional
indicator that logging has stopped is a drop inrthiaber of satellites being tracked,
this may be accompanied by an error message olGPRiarning message.

Collecting attribute data

At each survey location the GPS positional datc@mpanied by a series of
attribute data fields. These attributes will vacg@rding to the feature type selected.
The attribute data fields for the current featueedisplayed within the logging
position form. These attribute fields are represeéiity a series of drop-down menus
from which the most appropriate classifier can dleced.

In addition to the attribute drop-down menus algimyimeric field exists for each
feature. The unique survey location identificatmumber should be entered in this
field.

e Using the drop-down menus (and numeric keyboaildrsan value for each of
the attribute fields

Pausing GPS logging

If necessary it is possible to temporarily pauseltigging of GPS positional data
while at a survey location using the following step

Automated Geo-referenced data entry for agriculiarad use 88



« Click the button labelled “Pausf2e_H

Logging of GPS positions will now be paused allogvihe surveyor to move from the
survey location. A pause in logging is indicatedabi§ashing pause symbol in the

TerraSync status b_l_li

The logging status symbol will revert back to ag@kewith incrementing numbers to
indicate that logging has resum @ELE

Completing Feature Creation
When the attribute fields for the feature have bemnpleted and sufficient GPS
positional data collected the feature can be staittdn the data file.

* Click ‘'OK’ within the logging data forn#

* As the “Confirm end feature” parameter was selis’ prior to data collection in
the GPS setup, a prompt is displayed to confirmhtti@user wishes to close and
store the feature.

» Click ‘OK’ to store the feature and return to tregalcollection form
(Note if OK has been clicked by mistake, selectiagcel will return to the
logging screen)

Subsequent to the collection of land use charatiesiat the sample point, the LCCS
descriptors for the same location should be recbrilkis is achieved via the creation
of a second feature, based on the LCCS classditadit thesame sample point

» Based on the LCCS descriptions determine whicheflichotomous phase class
descriptions best describes the survey location.

* Locate the appropriate LCCS feature in the TerraShata collection form. Select
the point feature using a single click or tap. Tgot feature should be
highlighted.

» Click the button labelled “Create”.

Data collection for this feature should proceedescribed above for the land use
feature. Once the attribute fields are completetisarificient GPS positions collected,
complete feature creation by clicking ‘OK’ on thata form and returning to the data
collection form.

Closing the Data file
If logging of a second survey point is not requitieein the data file should be closed
to allow the GPS unit to be switched off or used imavigation mode.

* Ensure the “Data” section is visible, select ‘Ddtam the section list menu.
« Display the “Collection” subsection.
* Click the button labelled “Close” (Figure B5.4)

Colleck |"|Ir Cpkions Close
File: R1025Z1E
Creak
Choose Feature; ® Create

Figure B5.4 Closing the data file

Automated Geo-referenced data entry for agriculiarad use 89



* When prompted click “Yes” to close the data file

This data file is now closed and the GPS unit caswitched off or additional data
sets for navigation opened.

Please note that when a further survey point ished, a new file does not need to be
created, the previous file can be re-opened asedtbelow.

Opening an existing data file
If surveying multiple survey points within a givanea or on a given survey day, it
may be preferable to store the data in a singe fdther than creating multiple files
which contain a single point.

* Open the “Data” section of TerraSync, select ‘Détarn the “Sections” list
menu.
» Select “Existing file” from the “Subsection” listenu.

The “Existing File” subsection contains a alphadedilist of existing TerraSync rover
files stored on the device.

» Select the existing file to be opened from thelissingle clicking on the file
name. Once selected the file will become highlighte

Note that if the device contains a large numbdiles, the scroll bars at the side of
the list can be used to find the appropriate file.

* Click the button labelled ‘Open’.

As the data file is opened a prompt is displayecotafirm the antenna height. Further
details on the antenna height are given above.

» Enter the appropriate antenna height, in METRE®eninput box.
» Click ‘OK’ to confirm.

The data collection form will automatically operhig data collection form will
reflect the data dictionary originally specified tbe rover file.

As the GPS parameters were previously set for &te file these parameters, which

are stored in the file, do not to be need to betréerefore the surveyor is free to
continue data collection.
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6. Processing the Data

Following field survey the data files created slioog downloaded to the desktop PC
for export and processing.

This download procedure is a valuable way of bagkip field data and hence is
recommended on a regular basis.

Connecting the GPS unit to the PC
The following tasks require the transfer of filesween the PC, Pathfinder Office

software, and the GPS unit. Therefore, before nairig check that the GPS is
connected to the PC.

Please note that connection between the GeoXT whialwindows CE device and
the desktop PC is enabled by Microsoft ActiveSyirtds software must therefore be
installed on the desktop PC.

* Ensure that the cabling and docking station ar@ecied.
The GeoXT connects to the desktop PC via a USBe@hnection. Ensure that
the USB cable is plugged into both the docking leratid USB connection on the
PC. Note that the cradle does not need to be ptlisge an electrical socket for
data transfer, this is only a requirement if theicke requires charging.

« Ensure that the device is seated properly in thdler

» Connection of the device to the PC will automatycapen the ActiveSync dialog
unless a partnership between the devices alreastgex

Opening an existing Pathfinder Office Project

The data from TerraSync must be processed by Rd#rfiOffice so that the rover
files can be converted initially into the Pathfindermat and finally into an export
format.

* Open Pathfinder Office from the Start Menu or degkton

On opening Pathfinder Office the “Select Projeciiia@ow will open by default. If it
does not open then seléate/Projects

In this dialog, an existing project can be opeied suitable project for the current
work has been created, or create a new projetthidrcase the project created prior to
field survey will be re-opened.

* In the “Select Project “window ensure that the narhie project created prior to

field survey is selected in the “Project Name” dogawn list
* Click 'OK’ to close the “Select Project” dialog.
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File Transfer
* The “Data Transfer” module is opened from the nmagnu,Utilities/Data
transferor using the shortcut on the Utilities tooII

As the data transfer utility has been used preWotise “GIS Datalogger on
Windows CE” should be listed in the “Device” seatio

* Ensure the “GIS Datalogger on Windows CE” is seld¢h the device window
and a connection has been established.

If connection has not been successful refer taa@edt of this appendix for details on
re-attempting the connection.

* Inthe “Data Transfer” dialog select the ‘Receitad) to enable transfer of data
from the device.

* Once the ‘Receive’ tab is selected, click the ‘Adddp-down, select “Data file”.

* Locate and select the rover file in the subseqdiahbg box which is opened.

» Click ‘OK..

* The selected rover file should now appear in thee8Ro0 receive” section of the
data transfer window

* Click “Transfer All” to commence transfer.

As the data is transferred the file will be congdrfrom a TerraSync data format to a
Trimble Pathfinder Office format (.ssf). This fikall automatically be stored in the
current project folder.

» Upon completion, a summary dialog will be displaged an additional text file
created within the project folder which contairsuanmary of the transfer process.

* Click “Yes” to view the automatically generatedttéile or “No” to close the
message dialog.

Viewing the recorded features

Prior to export, the recorded features can be aysul within the Pathfinder Office
software and their properties interrogated.

* Ensure that the “Map” viewer is open in Pathfin@éfice. If the map window is
not visible selecView/Mapfrom the main menu.

e SelectFile/Openfrom the main menu.

« By default the “Open File” dialog box should opetriree selected project folder. If
not navigate to the relevant project folder.

» Select the data file transferred from the GPS, fil@swill have the same name as
the rover file.

* Click ‘Open’.

* On returning to the map window the surveyed locateatures should be visible.

Information on these features can be extracted fraiFeature Properties” and
“Position Properties” windows.
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* Open the “Feature Properties” window by selecbraga/Feature properties.

* Repeat for the “Position Properties” window.

* Select a feature within the map window by clickorgthe feature symbol.
Feature and positional information for the seledézdure will be displayed in the
feature and position property windows.

Data Export

* Open the “Export” utility from the main meruitilities/Exportor icon located on

=

the main toolba

The Export Utility

This dialog based utility is primarily designedaitow the conversion of Trimble data
files (.ssf) to GIS or CAD compatible formats. Whée utility opens the dialog
appears similar to Figure B6.1.

=loi
— Input Files
Falder: E:\Liz Ll
Selected Files: Cancel |

! Browse.. | |

Qutput Folder

|E:'\Liz\E wport Browse... |
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[Sample dBASE Setup =l
Farmnat: dBASE
Type of Export: Features - Positions and Attributes
Dutput O ptian: Combine and output to Export falder
GI5 Coordinate System:

Siter

Spztem: United Kingdom

Zone: 05 Mational Grid [OSTHOZ)

D atum: Ordnance Survey

Coordinate Unitz: — Meters

Mew... | Delete | Properties... |

Figure B6.1 The export utility dialog

Various types of data recorded by the GPS can perted; of importance to this
project are the survey point features (positioms) their associated attributes. During
the export process positions can be filtered acegrid pre-defined

criteriaWarning: such a process can lead to data loss.

The export process requires the setting of a sefiparameters which govern the
output data type and the characteristics of thpudutle. Specific parameters are file
type specific, however, common parameters include:

» The output file type and location

» The operating system the files are intended for
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The spatial coordinate system of the output featareheir positional data
The units of any GPS derived information i.e. léngmhd area

Any additional attributes derived from the GPSeredd to as generated
attributes, such as PDOP and precision.

Y VYV VYV

Tabular Format

One alternative is to export the Trimble datatilex table, held in a dBase format
(*.dbf). In this case the spatial information vk held in the form of two X,Y
coordinates within the table.

In the “Input Files” section of the dialog ensunattithe imported data file is listed

in the selected file list. If the file is not listelick on the ‘Browse’ button, in the

“Open” dialog, navigate to and open the appropriateble data file.

* Ensure that the output folder is an appropriatatioa. By default this will be the
export folder contained within the project folder.

e Using the drop-down menu set the “Export Setug'Sample dBASE Setup”
(Figure B6.1).

» Click the button labelled ‘Properties’ at the ba$¢he dialog to open the “Setup

Properties” dialog.

The “Setup Properties” dialog contains all the pseters for the current export setup.
Changing these parameters will influence the charastics of the output dbase file.
For the current export only a small number of patams need to be changed from
their default values.

Data Tab

» Click the ‘Data’ tab at the top of the dialog.

« Inthe ‘Data’ tab ensure that the “Type of data@xport” is set to “Features-
Positions and Attributes” using the radio buttod émat the drop-down menu is
set to “Export All Features”.

Output Tab

* Click the *Output’ tab at the top of the dialog.

« Ensure the output files is set to “Combine all infles and output to the project
export folder”.

Attributes Tab
» Click the *Attributes’ tab at the top of the dialog

The ‘Attributes’ tab contains options regarding gemerated and feature attributes.
Setting these parameters will influence the fieldd data contained in the exported
dBase table.

» At the top of the dialog, in the “Export Menu Abttes As” section, click in the
radio button adjacent to “Code Value 1” to enstire selected.

This is very important as the data dictionary hesrbconstructed to allow the export
of coded values. As a result each of the attrifietds in the dBase file will contain
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an alphanumeric code based on the recorded dagaadhef a text description. For
example the alphanumeric code of Al in the liferfanain crop field of a cultivated
or managed feature is indicative of broadleaveeistre

The base of the dialog contains a series of gesebdtributes which can be derived,
by the software, from the GPS data. These geneadtigloutes are grouped according
to feature specific categories.

* From the “All Feature Types” group of the generaaidbutes section, select
‘PDOP’, by checking the appropriate check box. Aessalt an additional field
will be added to the dBase table which containsathe¥age PDOP value for each
feature.

* From the “Point Features” group of the generatétbates section, select
‘Horizontal precision’. The generated field valyggge an estimate of the
horizontal precision of the averaged position faclefeature. This field is a
distance measure, the units of which will be s¢he'Units’ tab.

The line feature and area feature groups can begdieded as neither of these feature
types are relevant to the survey.

The ‘Attributes’ tab should appear similar to Figug6.2.
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Figure B6.2 The attribute tab of the export setigiad)

Units Tab

» Click the ‘Units’ tab at the top of the dialog.

» Select the “Use Export Units” option.

« Ensure that the “Export Units” are set to metegsiase meters and meters per
second. If this not the case, click the button llade€Change’. In the “Select
Units” dialog, which will open automatically, usitige drop-down menus, select
the specified measurement units. Click ‘OK’ to dissrthe dialog.

The export units tab should appear similar to Fegs6.3.
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Please note the distance units used in this egpera recommendation and can be
changed to meet the requirements of the surveyor.

Export Setup Properties - Sample dBASE Setup ll
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Figure B6.3 The units tab of the export setup djalo

Position Filter Tab
e Click the ‘Position filter’ tab at the top of théatbg

The ‘Position Filter’ tab contains a series of pagters to control the criteria based
filtering of positions during export. Filtering céxe based on a series of parameters
including satellite configuration and correctioatss. When setting filters it is
important to note that data can be lost. If a sytgeation does not meet the defined
criteria it will be excluded from the export anetéfore no record will be included in
the dBase table. As a result, land cover and laedsurvey information will be lost.
In this export example, all features will be expdrirrespective of correction or
satellite parameters.

* Ensure that the option “Filter by GPS Position Tnfoselected.
» Ensure that the satellite parameters are set tomaim values to allow the export
of all features:
0 Minimum Satellites: 2D (3 or more SVs)
o0 Maximum PDOP: Any
0 Maximum HDOP: Any
* As no real-time or post-processing correction hreentapplied to the data all
positions including uncorrected must be exportdtedR the “Uncorrected”
option in the “Include positions that are” section.

The ‘Position Filter’ tab should appear the samEigare B6.4.

Automated Geo-referenced data entry for agriculiarad use 96



Export Setup Properties - Sample dBASE Setup x|

Data I Dutputl .&ttrihutesl Units ~ Position Filter | Coordinate S_I,Jsteml dBASEl

— Position Filter Criteria
& Filter by GP'S Position Info

binimum S atellites: |2D (3 or more S "l

I axirnurn PDOP: Ay -

b axirnum HOOP: Ay -

Include Positions That Are

I ¥ Realtime Carrier Float

v Pl¥] Code ¥ Postprocessed Carier Float
V¥ Realtime Whas ¥ RTK Fized

¥ Realtime Code ¥ Postprocessed Carier Fixed

¥ Postprocessed Code

~ Filter By Precision [68% confidence]
Harzontal Frecisian: — |ny
wertical Frecision: L

V' Include Non-GPS Positions

[ Ewport Features That Have Mo Pasitions

kK I Cancel | Drefault | Help |
Figure B6.4 The position filter tab of the expaetip dialog.

Coordinate System Tab

The ‘Coordinate System’ tab provides two alterragxport options, data can be
exported based on the current display coordinaesyor using an export coordinate
system. While no spatial element is being expattexicoordinate system information
should still be set as the parameters will corttrelsystem of the stated X and Y
fields in the output table.

If the current display coordinate system, set withie main Pathfinder Office
window is appropriate then the following instructsocan be disregarded.
Alternatively an export system must be set.

» If the current display coordinate system is notrappate, select the “Use export
coordinate system” radio button.
» Click on the button labelled ‘Change’ to open t®brdinate Selector” dialog.

Using the drop-down menus within the “Coordinatée&er” dialog, an appropriate
coordinate system can be set, for example in the chlatitude and longitude:

» Specify “Latitude/Longitude” as the system, usihg tdrop-down menu.

» Specify “WGS 1984” as the datum.

* Click 'OK’ to accept the coordinate system and metio the parameter setup
window.

dBase Tab
* Ensure that the decimal symbol is set to ‘Dot(.)’.

« Click ‘OK’ to accept the setup parameters and retarthe “Export Utility”
dialog.
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* The changes made to the export parameters shou&flbeted in the summary at
the base of the “Export Utility” dialog.
» Click 'OK’ to accept the parameters set and proaeitial the export

The export utility will proceed with the export pess and the creation of a series of
dBase files. A series of files are created as quendBase file is created for each
feature type, i.e. the land use feature and thagesLCCS dichotomies. These files
are named according to the feature label spedifi¢ide data dictionary.

* When export is complete an export completed dialtigoe displayed. This
includes a summary of the number of features egdoEnsure that the
appropriate number of features, i.e. the numbesuofey points in the file, have
been read and exported.

If there is a discrepancy between the number dtifea read and number exported,
the export parameters, in particular the positidittar properties, should be checked.

* Click ‘Close’ to dismiss the “Export Completed” thg.

It is important to note that the file naming contiens used in the export are
standardised and set by the software. As a resutliynning a second export process
the output filenames will already exist, hence aerarite files warning will be
generated. To prevent file overwrite the origingb@rt files should be removed from
the export folder and renamed.

* Using My Computer, navigate to the export sub-folafehe project folder. A
series of dBase files should now be present.

Shapefile Format
A further alternative is to export the Trimble déita to an ESRI shapefile for display
within a GIS.

* In the “Input Files” section of the “Export” dialagnsure that the imported data
file is listed in the selected file list. If thadiis not listed click on the ‘Browse’
button in the “Open” dialog, navigate to and opes appropriate Trimble data
file.

* Ensure that the output folder is an appropriatatioa. By default this will be the
export folder contained within the project folder.

* Using the drop-down menu set the “Export Setupg’Sample ESRI Shapefile
Setup”.

» Click the button labelled ‘Properties’ at the ba$¢he dialog to open the “Setup
Properties” dialog.

The “Setup Properties” dialog contains all the paeters for the current export setup.
Changing these parameters will influence the charstics of the output shapefile.
For the current export only a small number of patams need be changed from their
default values.
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Data Tab

* Click the ‘Data’ tab at the top of the dialog.

* Inthe ‘Data’ tab ensure that the “Type of dataxport” is set to “Features-
Positions and Attributes” using the radio buttod &mat the drop-down menu is
set to “Export All Features”.

Output Tab

* Click the *Output’ tab at the top of the dialog.

» Ensure the output files is set to “Combine all infiles and output to the project
export folder”.

Attributes Tab
» Click the *Attributes’ tab at the top of the dialog

The ‘Attributes’ tab contains options regarding gemerated and feature attributes.
Setting these parameters will influence the fieldd data contained in the exported
dBase table.

* At the top of the dialog, in the “Export Menu Abttes As” section, click in the
radio button adjacent to “Code Value 1” to enstire selected.

This is very important as the data dictionary hesrbconstructed to allow the export
of coded values. As a result each of the attrifiatds in the dBase file will contain
an alphanumeric code based on the recorded dagaadhef a text description. For
example the alphanumeric code of Al in the liferfanain crop field of a cultivated
or managed feature is indicative of broadleaveeistre

The base of the dialog contains a series of gesrbadtributes which can be derived,
by the software, from the GPS data. These geneadiigloutes are grouped according
to feature specific categories.

* From the “All Feature Types” group of the generaatdbutes section, select
‘PDOP’, by checking the appropriate check box. Aessalt an additional field
will be added to the dBase table which containsatherage PDOP value for each
feature.

* From the “Point Features” group of the generatétbates section, select
‘Horizontal precision’. The generated field valygge an estimate of the
horizontal precision of the averaged position faclefeature. This field is a
distance measure, the units of which will be s¢he'Units’ tab.

The line feature and area feature groups can begdieded as neither of these feature
types are relevant to the survey.

The ‘Attributes’ tab should appear similar to Figug6.2.

Units Tab
» Click the ‘Units’ tab at the top of the dialog.
» Select the “Use Export Units” option.
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« Ensure that the “Export Units” are set to metegsiase meters and meters per
second. If this not the case click the button lilgeiChange’. In the select units
dialog, which will open automatically, using thedrdown menus, select the
specified measurement units. Click ‘OK’ to dismtiss dialog.

The ‘Export Units’ tab should appear similar to g B6.3.

Please note the distance units used in this egpera recommendation and can be
changed to meet the surveyors’ requirements.

Position Filter Tab
* Click the ‘Position Filter’ tab at the top of theahbg.

The ‘Position Filter’ tab contains a series of pae#ers to control the criteria based
filtering of positions during export. Filtering céne based on a series of parameters
including satellite configuration and correctioatsts. When setting filters it is
important to note that data can be lost. If a sytgeation does not meet the defined
criteria it will be excluded from the export ane@téfore no record will be included in
the shapefile. As a result, land cover and landsuseey information will be lost. In
this export example, all features will be exporteespective of correction or satellite
parameters.

* Ensure that the option “Filter by GPS Position Trfoselected.
» Ensure that the satellite parameters are set tomaim values to allow the export
of all features:
0 Minimum Satellites: 2D (3 or more SVs)
o Maximum PDOP: Any
0 Maximum HDOP: Any
* As no real-time or post-processing correction hreenkapplied to the data all
positions including uncorrected must be exportdtedR the “Uncorrected”
option in the “Include positions that are” section.

The ‘Position Filter’ tab should appear the samEigare B6.4.

Coordinate System Tab

The ‘Coordinate System’ tab provides two alterragxport options, data can be
exported based on the current display coordinaesyor using an export coordinate
system.

If the current display coordinate system, set withie main Pathfinder Office

window is appropriate then the following instructsocan be disregarded.

Alternatively an export system must be set.

» If the current display coordinate system is notrappate, select the “Use export
coordinate system” radio button.

» Click on the button labelled ‘Change’ to open tmbrdinate Selector” dialog.

Using the drop-down menus within the “Coordinatée&er” dialog an appropriate
coordinate system can be set, for example in the chlatitude and longitude:

» Specify “Latitude/Longitude” as the system, usihg tdrop-down menu.
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e Specify “WGS 1984” as the datum.
« Click ‘OK’ to accept the coordinate system and metio the parameter setup
window.

ESRI Shapefile Tab
* Ensure that the “Export Tracking Themes” optiofefs unchecked.

e Click ‘OK’ to accept the setup parameters and retarthe export utility.

* The changes made to the export parameters shou&flbeted in the summary at
the base of the “Export Utility” dialog.

* Click ‘OK’ to accept the parameters set and procekia the export

The export utility will proceed with the export pess and the creation of a series of
shapefiles. A series of files are created as auenstpapefile is created for each feature
type i.e. the land use feature and third stage L@iCi$otomies. These files are named
according to the feature label specified in therdattionary.

* When export is complete an “Export Completed” dighall be displayed. This
includes a summary of the number of features egdo&nsure that the
appropriate number of features, i.e. the numbesuofey points in the file, have
been read and exported.

If there is a discrepancy between the number dtifea read and number exported the
export parameters, in particular the positionééfiproperties should be checked.

* Click ‘Close’ to dismiss the “Export Completed” tiig.

It is important to note that the file naming contiens used in the export are
standardised and set by the software. As a resutliynning a second export process
the output filenames will already exist hence aerawite files warning will be
generated. To prevent file overwrite, the origiegbort files should be removed from
the export folder or renamed.

e Using ArcCatalog or My Computer, navigate to thpak sub-folder of the
project folder. A series of shapefiles should napbesent.
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Appendix C
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Appendix C
Bespoke GPS application

1. Design
1.1. Introduction

The requirements for any field data collection application are defined by the

structure and methodology of LUCAS. Based on the FAO project needs and

the LUCAS methodology requirements the following list has been created.

This list provides a basis for assessing the abilities of existing software

applications as well as providing a basis for development of a task specific

application if required.

e Data

o Isfield survey input and recording supported?

0 Hierarchical data structure
o Enforce data integrity
o Dual themed — Land Use and Land Cover
o0 Point recording
0 Universal data format
o Data backup
* GPS Integration
o DGPS compatibility
o Recording of precision measurements
* Usability
0 User friendly
0 User driven
* Cost

o0 Low cost
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A detailed design of the final application is required to maintain the focus of
the application so that the end product meets the exact requirements of the
end user. Detailed design is also an aid to the code development of the
application; the design provides a map on which to base the code. The
design in this instance is based on the requirements laid down by LUCAS and

the requirements set out in the terms of reference by the FAO.

The design breaks down into three levels. The first level is the identification
and definition of the use cases, the second is the creation of use case
diagrams which show how individual use cases and actors link together. The
third level is the creation of data flow diagrams indicating in much more detalil
how data flows through the system and on which the application development

can be based.

Consideration must also be made towards the design and layout of the output
database. The database design shows the field layout for each table as well

as how each table is related.

1.1. Use Cases

1.1.1. Core Application

Use cases detail the core procedures of the field data application.
They are generated from the requirements of the project and consist of
the actors and use cases that make up the application. The GPS
interface use case is a standalone item that is essential to the

functionality of the application.
» Create new Project

Main flow of events: The surveyor selects the Create New Project
button that displays the New Project form. The surveyor enters the
project name and selects which classification systems are to be used
and clicks create project. The project name is validated, the project
database is created and a confirmation of the new project being

created is displayed and returns the surveyor to the main page.

Exceptional flow of events: If the surveyor enters a project name
that already exists, a prompt is raised requesting them to enter a new

project name.
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Exceptional flow of events: If the surveyor clicks select land cover

classification the system displays the select classification screen.

Exceptional flow of events: if the surveyor clicks select land use

classification the system displays the select classification screen.

Exceptional flow of events: If the surveyor clicks the cancel button
the create new project window is cancelled and the surveyor returned

to the main menu page
* Open Existing Project

Main flow of events: The surveyor selects the Open Existing Project
button that displays the open project form. The surveyor selects the
project to open and clicks the open project button. The surveyor is

taken to the first data entry page.

Exceptional flow of events: If the surveyor clicks the cancel button
the open project page is cancelled and the surveyor is returned to the

main page.

Exceptional flow of events: If no projects are found a prompt is
raised indicating that a project needs to be created first and opens the

create new project page.
« Data Entry

Main flow of events: The surveyor is able to add data to the selected
project, including area and sample ID’s, general sample point details,
land cover details, land use details and photograph details. When the
surveyor starts recording each point the GPS position is recorded and
added to the database.

Exceptional flow of events: If the sample point reference already

exists the user will be prompted to check and re-enter the reference.

Exceptional flow of events: If the area sample reference already

exists the user will be prompted to check and re-enter the reference.
* Close Project

Main flow of events: Surveyor selects close project. All records are

saved to the database and the surveyor is returned to the main page.
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Exceptional flow of events: |If the surveyor selects add another
sample point they are returned to the beginning of the data entry

process.

1.1.2. GPS Interface

Main flow of events: The GPS signal is received by the GPS
receiver and then translated to produce latitude and longitude values
and a PDOP figure for the precision of the GPS position. Live
coordinates are displayed along with the PDOP value. GPS
coordinates are collected over the period of the point data collection

and averaged to increase the positional accuracy.

Exceptional flow of events: If there is no data at the selected port
the system raises a prompt and returns the surveyor to the port

selection interface.

Exceptional flow of events: If the PDOP value rises above a user
defined level a prompt is raised and the collection of GPS data is

suspended until the value is lower than the threshold again.

Exceptional flow of events: If GPS data is lost the surveyor is
prompted and returned to the start of the sample point data collection

process. The surveyor is prompted to wait for coverage to return.

1.2. Use Case Diagrams

Combining the uses cases and defining the links between them allows the
designer to demonstrate the full functionality of the application. This

functionality can be described through the production of use case diagrams.

Use case diagrams describe graphically the interactions between the
systems, the system components and the users. Interaction between the

core components is through the actor (surveyor) (Figure 1.1).

Further detail is introduced as the core account use case is broken down into
its component parts. In these instances there are interactions shown between

both the user and other system components.
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Core Application

Create New Project

Open Existing
Project

Surveyor

Close Project

Figure 1.1 Core Application Use Case diagram

One of the main components of the application is the GPS interface. This
allows the application to connect to a GPS receiver and record GPS
coordinates. A use case (Figure 1.2) has been generated providing an outline

of how the interface should operate.
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GPS <<Actor>>

GPS Interface

Access COM Port

Extract Coordinate

Calculate Precision
& Coordinates

Extract Precision
Data

Figure 1.2 GPS Interface Use Case diagram

1.3.

The use cases provide the raw structure of the application, identifying what is
required of the application and how each section is linked. For further

development a more detailed design and structure is needed.

Data Flow Diagrams

The use cases detailed above provide an outline for the functionality of the
application. For more detailed planning a set of data flow models are
produced. Data Flow Diagrams (DFD) depict the flow of data through a
system plus any processing that the system performs (Whitten et al, 2001).
The data flow diagram allows a developer to visualise what is required for the

development of the application (Figure 1.3).

The application designer starts with an overall DFD and progresses through
each process creating new, more detailed DFD’s until no further breakdown is
possible, this is known as process decomposition. Decomposition is the
breaking down of a system into its component subsystems, processes and
sub processes (Whitten et al, 2001). For this project we will focus on one

specific process, that of the GPS interface.
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Figure 1.3 Summary Data Flow Diagram

The purpose of the GPS interface is to provide the link between the GPS
receiver and the application, and to extract the required information from the
GPS data. The interface consists of a number of processes (Figure 1.4) that
provide the required functionality. Within the GPS interface process shown in
Figure 1.3 there are a subset of processes which are the building blocks of
the process. A further level, beyond that in Figure 1.4 is not necessary as it

would consist of actual code.
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Figure 1.4 Detailed DFD for GPS interface
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The external agents in the GPS interface DFD (Figure 1.4) are the surveyor who

provides input into the setup of the interface i.e. selects which COM port the GPS

receiver sends the GPS sentence to. The other external agent is the GPS receiver.

The GPS receiver converts the incoming satellite information and converts it to a set

of GPS sentences which provide the positional information on which the remainder of

the processes are based.

The outputs from the process are three variables: latitude, longitude and PDOP

which are made available for the rest of the application.
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1.4. Database Design

There are three databases linked to this application. The primary one is the
output database where all the field survey point data is saved. The second

and third databases store the classification reference data.

The primary key for the project output database is a combination of the PSU
and SSU identities, all other point information is linked through this primary
key. Within the database there are six data tables, five of these hold the point
data and the sixth holds reference information on which classification
databases were used. The data tables (Figure 1 .5) are all related through

the sample identity field.

The contents of the observation, land cover, land use and photograph tables
are prescribed by the information requirements laid down by LUCAS. The
data could have been stored in a single table, however by splitting it into

different tables it allows easier break down and analysis of the data.

The classification reference databases provide the nomenclature information
for the land use and cover types. These databases have a hierarchical
structure that leads the user from a broad classification through to a much
more detailed classification. Class selection within the application is achieved

by stepping down through the hierarchy until the fine detail level is reached.
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Figure 1.5 Project database design.

1.5. Conclusion

With a detailed design for the application complete it is how possible to start
developing the application code. The design provides the scaffolding on
which to build the application. By carrying out a detailed design before
starting the development process it ensures that the original goals of the
project are adhered to. The developer will use the design as a step by step
guide on how the application should look, what its inputs and outputs are and

how all the processes link together.

The design outlines an application that meets the terms of requirements of
LUCAS and the project. It creates an easy to use application that supports
the hierarchical structure of LUCAS and records the GPS coordinates of the

sample points. The GPS functionality and accuracy is not as great as that
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found in ArcPad or TerraSync but the application is standalone and cost

effective.

2. Development
2.1. Introduction

The overall design of the application, detailed in section three, is to create and
add data to a project database. The development process transforms these
designs into a working application. The development process involves
creating the user interfaces and coding the functions of the application.
Development is carried out in a debug environment allowing the application to

be tested as it is built.

2.2. Programming Language

There are a number of programming languages that can be used and
selection of the correct language is essential. The primary requirement of the
language is that it can be used to create programs for installation on a mobile
CE device. Farmer (2006) has shown that Microsoft Visual Basic.NET
(VB.NET) is suitable for this task and will be used for the development of the

field data application.

VB.NET is an object orientated programming language that comes as part of
the Visual Studio .NET group of products. It is designed for programming in

the Windows and Web environments (Cowell, 2002).

VB.NET is part of Microsoft Visual Studio 2003 which has been used, with the
addition of some add-ons, to develop the application. A newer version of

Visual Studio exists but is not available for this project.

2.3. Additional Requirements

Databases are not supported in this version of VB.NET. To enable database
creation and communication ADOCE 3.1 from In the Hand is required. This
allows creation of Compact Databases (cdb) which when transferred to a
desktop PC are converted, by Microsoft ActiveSync, into Microsoft Access

databases.

The GPS interface links to the GPS receiver through a specified COM port.

Visual Studio 2003 does not support communication with the COM ports. To
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2.4.

overcome this SerialTools is installed which provides this support.

SerialTools is available from Franson (www.franson.com) at a cost of $29.95.

To enable the testing of the application before installation on the mobile
device a standard emulator, supplied with Visual Studio, is used which mimics
the operation of the mobile device. This saves time and allows the
programmer to debug the program before final release to the mobile device.
To check the GPS interface a further emulator is required. GpsGate allows
you to simulate a GPS and send the signal to a specified COM port. GpsGate
is available from Franson at a cost of $29.95. For this project a free trial

version of GpsGate was sufficient.

Application Development

Development of the application was split into three identifiable stages. Firstly
the graphical user interface (GUI) was created. This is the interface that the
surveyor uses for accessing the functionality of the application. Secondly, a
test GPS interface was developed which enables the full testing of this
primary component before it was installed in the main application. Finally, the

main application coding was generated.

2.4.1. The GUI

The GUI consists of a sequence of forms allowing the surveyor to
select and add data to the project database. The primary form (Figure
2.1) is the main options screen. From here the user is able to create

new projects, setup the GPS interface and add data to the project.

W=y Setup GFS

Open Exit

Figure 2.1 Main options form
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Data entry is achieved through a sequence of data entry forms that
lead the user through the process ensuring that all of the required
information is recorded. The data entry sequence is split into the
specific areas identified within LUCAS i.e. an observation, land cover,

land use and photographic entry forms.

The data entry forms for land cover and land use allow the surveyor to
select the land cover/use type based on the hierarchical structure of

the classification system (Figure 2.2).

Land Cover Infurmati...! E Land Cover Selection ! E

Land Cover Please select the an overall land
/ cover type from the list below.
Land Cover 1
__Land Zover 2 EI
Land Cover Artificial Land
Cropland
wood |z
Shirubland
Grassland
Bare Land
W ater
Ik
E—

Figure 2.2 Land Cover Selection forms

The final form (Figure 2.3) closes the data entry for the sample point. The
user has the option of moving to the next sample point within the PSU or
exiting to a new PSU or the options screen. Behind this form code completes

the data entry process and saves the sample data to the project database

Flease press next SSLI o mave
to the next 55U or Finish to end
the PSLI and exit the program.

Finish Options ! E

Wiould you like to add
the next PSL or Exit?

| MextPsU | =

| MextSSU | | Finish |

Figure 2.3 Finish screen and options
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2.4.2. The GPS Interface

The GPS interface was initially developed as a standalone test
program which could be installed separately on the mobile device for
quick testing. The interface was developed in such away that it could

be easily transferred to the main application.

A GPS receiver produces positional information in a number of
formats. The most common of these is the National Marine
Electronics Association (NMEA) format. NMEA consists of a number
of individual data sentences containing information that is based on
the first word of the sentence (Person, 2004). An example of a

sentence is:

$GPRMC,132542.584,A,5200.18,N,00025.40,W,3.2,275.35,010806, ,*
1A

For this application two sentences will be used: GPRMC, and GPGSA.
The NMEA data is sent by the GPS receiver to a specific COM port.
With the GeoXT this is COM 2.

The interface consists of a number of processes, as detailed in the
design stage. The first phase accesses the COM port of the GeoXT to
which the GPS data is sent by the receiver. This was accomplished
through the use of the SerialTools tool. Having accessed and enabled
the COM port, GPS data is sent to it. The next stage of the interface is

to read the data from the port and translate it (Figure 2.4).

Information is sent to the COM port as data sentences containing all
the GPS information. The interface identifies the two required
sentences (GPRMC and GPGSA) and breaks them down into their

individual words so that the relevant information can be extracted.

The GPRMC sentence contains coordinate information in latitude and
longitude plus information on whether there is sufficient data to
generate a fix. The GPGSA sentence is the precision sentence and
contains PDOP, HDOP and VDOP information. Once the information
has been extracted it is stored within a group of variables that can be

accessed by the rest of the application. The GPS data is sent to the
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COM port every second and is recorded by the interface every

second.

Public Sub timGPS_Tick(ByVal sender As Object, ByVhe As System.EventArgs) Handles
gpsTimer.Tick

Try
'Com port is accessed and read every second

gpsdata = gpsPort.Read("$GPRMC", "*", 0)
Dim counter As Integer

Do While counter < 500 And gpsdata Is Nothing
gpsdata = gpsPort.Read("$GPRMC", "*", 0)
counter += 1

Loop

'Check whether there is data on the COM port

If gpsdata Is Nothing Then
'if there is no data then the program returns you b the beginning
MsgBox("No data on port") 'Raise an error if there is no data
gpsPort.Enabled = False
gpsTimer.Enabled = False

Else
'if there is data on the COM port then the data igranslated and recorded
gpsprecision = gpsPort.Read("$GPGSA", "*", 0)
ReadGPGSA()
ReadGPRMC()
End If

Catch ex As Exception
MsgBox(ex.Message)
End Try

End Sub

Figure 2.4 Sample of code from the GPS interface.

Within the application GPS data is recorded over the time it takes to
enter the point data and then averaged to produce a more accurate
position. Throughout the data collection period the PDOP is monitored
and if it falls below a specified level GPS data collection is suspended

and the user notified.

Error handling and error checking is present throughout the interface
coding so that the risk of the application falling over is reduced.
Checks are made as to whether there is data on the port and whether
it is the correct data. Monitoring the precision so that it doesn’t get too

high is a further error handler.
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2.4.3. The Database application

The core of the application is that of a database management system.
The application creates and updates a project database with land
survey information. The ADOCE tool is used to provide database
support. This tool needs to be installed on the mobile device to enable
it to operate. The surveyor is provided with two main options when

starting the application.

The create project database option generates an empty database with
a name selected by the surveyor. The database is created with six
empty fields (Figure 1 .5). The surveyor also identifies at this stage
the two classification systems that will be used. The open project
option allows the surveyor to open a project and add data. Data entry
is achieved through a sequence of data entry forms that lead the
surveyor through each requirement of the LUCAS methodology. Data
is added to the relevant tables within the database whenever the user
moves to the next form (Figure 2.5). At the end of the data entry
process the GPS data is added to the database and the user is asked
to add a further point, move to the next PSU or exit the project. At the
same time the GPS information is added to the general information
table.
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Private Sub btnNext_Click(ByVal sender As Object, BVal e As System.EventArgs) Handles
btnNext.Click

'Check to see if a Land cover value has beentered
If finalLC1 Is Nothing Then
MsgBox("Please enter a primary land car class")
Exit Sub
End If

If finalLC2 Is Nothing Then
finalLC2 ="
End If

'Save selected land cover information to dabase and move to next form
Call opendatabase()
rs = New InTheHand.AdoceNet.Recordset

rs.Open("Land_Cover", conn, InTheHand.Adocéet.LockType.Optimistic)

'‘Add data to fields

rs.AddNew()

rs.Fields("SAMPLEID").Value = psu & ssu
rs.Fields("LAND_COVER1").Value = finalLC1
rs.Fields("LAND_COVERZ2").Value = finalLC2
rs.Fields("LAND_COVER_NOTES").Value = txtLC Notes.Text

'Update and close record
Call updateandclose()

Timerl.Dispose()

shut = True

'‘Open next form

Dim openform As frmLandUse
openform = New frmLandUse
openform.Show()

openform = Nothing
Me.Close()

End Sub

Figure 2.5 Sample of code for adding the Land Cover reference to the database

Through out the data entry phase error checking and handling is
taking place ensuring that data integrity is maintained and that all of
the required information is recorded. An example of this is that the
surveyor must enter a land use value; the program will not allow them

to move to the next stage until this is accomplished.
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2.5.

Installation/Deployment

For deployment on a mobile device the application is compiled as a Cabinet
(CAB) file. This file is then transferred to the mobile device using Microsoft
ActivSync. The CAB file contains all the information it requires to run
including the SerialTools Dynamic Link Library (dll) file and the ADOCE dll.
Once copied to the mobile device the CAB file is run which installs the

application.

VB.NET creates a number of different CAB files which can be used. The CAB
files are processor specific so care must be taken when transferring the

correct CAB file to the mobile device.

The application also requires the classification databases to operate. These
can be created on a desktop PC and transferred to the mobile device in the
same way as the application. For this application a LUCAS survey database
has been created (see accompanying CD-ROM) which contains both the land

cover and land use reference information.

3. Field Testing

3.1.

3.2.

Introduction

The aim of this test is not to carry out the LUCAS survey but to demonstrate
that the new application functions as it should and meets the requirements
laid out in section 1.1. This field test will result in a dataset that contains all

the recorded data that is required from the chosen survey methodology.

Methodology

The LUCAS methodology detailed in section 4.4 of the main report will be
used as a basis for this field test. The test will be carried out on a PSU site
adjacent to the university site in Silsoe. Each SSU (Figure 3.1) will be visited
and observation, land cover, land use and photographic details will be

recorded.

The methodology aims to test the functionality of the GUI, the database
interface and the GPS interface. The resultant database will be displayed
providing evidence that the application records and saves the required

information.
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Source: Farmer, 2006

Figure 3.1 Field test sample points

3.3.

Under a separate investigation a comparison will be made between positions
recorded using the Field Data Collection application and TerraSync.
Positions will be recorded using the raw GPS data which will not be corrected
in any way. Five survey points will be chosen and GPS coordinates are
recorded twice per application at each point. A difference in distance
between the application position and the TerraSync position will be calculated

as a comparison.

Results

The project database created during the field test contains six tables that can
be related through the sample ID number (Figure 1 .5). These tables contain
the data collected during the field survey; some of this data is generated
automatically, but most is generated through the user interface.

The general information table (Table 3.1) contains the broad information on
the survey, i.e. sample number, surveyor identity and sample coordinates.

The sample point observation, land cover (
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Table 3.2), land use and photograph reference information is contained in

separate tables.

Table 3.1 General Information database table

|SAMPLHD‘USEMD‘USERNAMElPSUIﬂSSWD‘ LONGITUDE ‘ LATITUDE ‘PDOA DATE TIME

00111 gg06 | Graeme Gould 001 11 0.440379624652778W 52.0056874142361N 3 07/08/2006 03:56:08 PM
00112 gg06 = Graeme Gould 001 12 0.43999245W 52.0057676172515N 3 07/08/2006 03:57:58 PM
00113 gg06 | Graeme Gould 001 13 0.434612746341463W 52.0058640752033N 2 07/08/2006 04:06:05 PM
00114 gg06 = Graeme Gould 001 14 0.429301242718447W 52.0056929647249N 3 07/08/2006 03:06:52 PM
00115 gg06 | Graeme Gould 001 15 0.424733943333333W  52.0054578925N 3 07/08/2006 03:12:36 PM
00121 gg06 = Graeme Gould 001 21 0.441777756770833W 52.002758165625N 4 07/08/2006 03:49:32 PM
00122 gg06 = Graeme Gould 001 22 0.437402630654762W  52.0040503011905N 3 P08  03:41:52 PM

00123 gg06 | Graeme Gould 001 23 0.434893765060241W 52.0030557849398N 3 07/08/2006 03:37:53 PM
00124 gg06 = Graeme Gould 001 24 0.429379491102757W 52.0028738422306N 3 07/08/2006 03:28:37 PM
00125 gg06 | Graeme Gould 001 25 0.424914728021978W 52.0028789254579N 2 07/08/2006 03:19:08 PM

Table 3.2 Land Cover database table

SAMPLEI [LAND_COVER1 | LAND_COVER2 | LAND_COVER_NOTES
00[]).11 Cc21
00112 B11
00113 B53
00114 All
00115 A22
00121 Cc21
00122 Bl1
00123 B53
00124 EO1 c21
00125 FOO

The codes stored in the land cover and use tables can be referenced back to

the classification databases to provide the descriptions for the identified land

classes.

photograph to be linked to a sample point.

The codes stored in the photograph reference table allow the

The comparison of positions recorded by the field data application and

TerraSync shows very little difference (Table 3.3), in most instances it is less

than 50cm.

Table 3.3 Positional differences between the new application and TerraSync

TerraSync Field Data Collection
ID Longitude Latitude Longitude Latitude Difference (m)
11 -0.427898799 52.005121909 -0.427900548 52.0@1 0.120
12 -0.427898264 52.005121165 -0.427900935 52.00821 0.196
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13 -0.428020823 52.004016952 -0.428021494 52.0(B811 6 0.047
14 -0.428019380 52.00401604Y -0.428021055 52.00411.4 0.188
15 -0.425734005 52.004294064 -0.425733280 52.0ME14 0.050
21 -0.425733476 52.004293648 -0.425733159 52.004204 0.088
22 -0.426231210 52.006248424 -0.426230588 52.006%48 0.046
23 -0.426232486 52.006249076 -0.426228889 52.00B248 0.273
24 -0.428579800 52.005823641 -0.428562329 52.008584 1.679
25 -0.428581503 52.005821582 -0.428583153 52.06G3%4 0.348
3.4. Discussion
The field test was a success. The application recorded all of the required
information including the sample point coordinates from the GPS. This
information can now be incorporated in to a GIS for further analysis.
The field test did raise a few questions that can be looked at in the future.
One concern was whether the position should be recorded if the sample point
is inaccessible. If you do record the coordinates for the location that you are
at then you can't use them to position the sample, however if you don't record
them then returning to the point at another time is difficult.
The GPS coordinates recorded from the NMEA signal compare very well to
the coordinates recorded through TerraSync. There are some minor
variances between the two. These can be attributed to the recordings being
taken at slightly different times as it was impossible to record the positions
simultaneously.
3.5. Conclusion
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The application works well, it meets the requirements identified in section 1.1
and produces a clearly defined set of results that can be easily used by other

software applications.

There are some improvements and amendments that can be made to future

versions of the application and these are detailed in the next sections.
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4. Future developments
4.1. Introduction

There are developments that can be made at all levels of the project. The
classification system can be developed so that it can be used around the
world, the methodology can be developed based on changes in the study
area and the software can be developed to increase the accuracy of the

positioning or incorporate different classification systems.

4.2. Classification Systems

As discussed in section two the LUCAS classification has its limitations in that
it is designed for use within Europe. For use within Africa the land cover and
use classification would need to be changed to take in to account the different

environments.

The FAO has its own Land Cover Classification System (LCCS) that is
universally applicable and can be used in any land cover project anywhere in
the world. LCCS is universal and is not dependent on geographic location
and can be adapted for use in any climatic zone and environment (Di
Gregorio, 2005).

LCCS is a two phase a priori classification process that generates clear and
systematic land cover classes by combining sets of hierarchically arranged
classifiers (Di Gregorio, 2005). Of particular interest to land degradation
studies LCCS can also include environmental attribute information such as

climate, landform, altitude, soil lithology and erosion.

LCCS does not contain any provision for collecting land use information,
however the FAO does have a land use database which could be utilised to

generate a land use classification system.

4.3. Survey Methodology

There are opportunities for development of the survey methodology. As
discussed in section 4 of the main textErreur! Source du renvoi
introuvable. LUCAS within Europe has evolved and now instead of using an
18km? grid a 2km? grid is used. This change has resulted from the lessons

learnt during the first LUCAS surveys.
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The same can be true for carrying out LUCAS within Africa. The selected
methodology for this project is a starting point from which lessons can be
learned. Changing the size of the sampling grid, or increasing the sample
points are a future development that may improve the effectiveness of the

survey.

4.4. Software

As discussed in section 3.4 there are many improvements that can be made
to the application. Some of the most significant future developments are as

follows:

* Record the carrier phase signal to allow post processing of the

positional information

* Inclusion of a file containing the coordinates for each SSU would
provide a method of navigating to the point as well as providing a
guality check for the record position. If the difference between the two
was less than a specified threshold then the point could be classed as
visited. If it was above then the point could be classified as observed

from distance or within a forbidden zone.

* Placing the GPS interface component within a separate class enabling

it to be included in other application easily

* Increase the application adaptability to include other classification

systems
» Addition of a delete button enabling the user to delete a sample point.

* Increase the control the user has over the GPS interface, i.e. provide

control over how often the GPS data is collected
» Allow the recording of positional data in a range of different datums.

* Incorporate more GPS information such as the number of satellites in

view.

Automated Geo-referenced data entry for agriculiarad use 125



Appendix D
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Appendix D1: GLC2000 for Sierra Leone
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Appendix D2: Primary Sample Units for the implementation of

the LUCAS 2003 methodology
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The estimation (1) of the area for a given land/Uaed cover category based on the
sample above is as follows (adapted from LUCAS 2200
~ A SGY
(1) a= >
m 2
where

a = estimated area of the land use/land coveramrtdinsidered geographic
region

A = area of the considered geographic region

m = number of PSU in the considered geographioregi

yij=0, 0.5 or 1, the amount of land use/land covehenSSU | within the PSU

n; = number of SSU within the PSU i

The internal and external variance of PSU may beutated and the total variance (2)
Is the sum of those.

2) Vs :AZXHM _mjxlxzd(yhi i +iiv2(yhi )}

m M 2d M =

where

and where then
A = area of the considered geographic region
m = number of PSU in the considered geographi®regi
n = number of SSU in the considered geographioregi
yij =0, 0.5 or 1, the amount of land use/land covergmy h in the SSU j
within the PSU |
ni = number of SSU within the PSU |
di= number of pairs of observation points taken
upi = indicative variable associated to the calcufatbthe variance of the
considered category
In this formula of variancel,, —u,,_, is zero, if both land covers on the SSU are same

ones. If both land covers differ from neighbour®§U thenu,, —u,,_, is one.
Otherwiseu,; —u,,_, is 0.5.
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Appendix D3: Sample size and effective sample rates for the LUCAS 2006 methodology in Sierra Leone

Class Value Sampling rate Replicates Master sample Sample  Effective Sampling rate
Closed evergreen lowland forest 1 10% 8 878 84 10%
Degraded evergreen lowland forest 2 30% 24 59 18 31%
Submontane forest 3 10% 8 2 1 50%
Mangrove 6 10% 8 744 69 9%
Mosaic Forest / Croplands 7 50% 41 13718 6958 51%
Deciduous woodland 10 10% 8 2056 200 10%
Deciduous shrubland with sparse trees 11 20% 16 399 83 21%
Closed grassland 13 40% 32 1 1 100%
Irrigated cropland 20 50% 41 7 1 14%
Waterbodies 26 10% 8 17 2 12%
TOTAL 17881 7417
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Appendix D4: Final Sample for the implementation of the
LUCAS 2006 methodology in Sierra Leone
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The estimation of the area for a given land us@d Icover category based on the
sample above is as follows (adapted from LUCAS 6200

Z Yh
L L i Dy

Vst = ZWh¥h = 2 Wh = Wy = —0
h=1 h=1 nh where D

D is the surface of the area of interest

h is the surface of stratum h.

For the calculation of variance of land cover area
_ 1 N - _
V(ydst) thsn[n v, ]+F];rfzh:Wh (yh - ydst)2

whereN is the size of the population in the whole region.

Since a point is considered to have a size 3x3 m

N =regionareain hectares 0.0009 1\ js very small and can be discarded)

2 _
Sh s an estimate of the variance %f (not of y)

In this case we use an estimate of the local vagian
2
>l -v)

2 i%]
5 =(1- fy)
2_25”' fh:%
1#] Where h

. 1j
5” is a decreasing function of the distance betwesedij : d(l' J)

For countries where a stratification based on pimt&rpretation of a pre-sample of
points (regular grid) is applied, we have, for each

% if jisamongthe8closestpointstoi in thestratum
O otherW|se

When there is no stratification, an alternative is:

{}é if d(i, j)<3000m

0 otherW|se
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