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Basic Knowledge in Geomatics Engineering

Unitl What is Geomatics?

Geomatics Defined

Where does the word Geomatics come from? GEODESY + GEQINFORMATICS = GEOMAT-
ICS or GEO- for earth and -MATICS for mathematical or GEO- for Geoscience and -MATICS
for informatics. It has been said that geomatics is many things to many people. The term
geomatics emerged first in Canada and as an academic discipline; it has been introduced
worldwide in a number of institutes of higher education during the past few years, mostly
by renaming what was previously called “geodesy” or “surveying”, and by adding a number
of computer science- and/ or GIS-oriented courses. Now the term includes the traditional
surveying definition along with surveying steadily increased importance with the develop-
ment of new technologies and the growing demand for a variety of spatially related types of
information, particularly in measuring and monitoring our environment. Increasingly criti-
cal are areas of expanding populations, appreciating land values, dwindling natural re-
sources, and the continuing stressing of the quality of our land, water and air from human
activities. As such, geomatics bridges wide arcs from the geosciences through various engi-
neering sciences and computer sciences to spatial planning, land development and the envi-
ronmental sciences. Now the word geomatics has been adopted by several international
bodies including the International Standards Organization (ISQ), so it is here to stay.

The term “surveyor” is traditionally used to collectively describe those engaged in the above
activities. More explicit job descriptions such as Land Surveyor, Engineering Surveyor or
Hydrographic Surveyor for example, are commonly used by practitioners to more clearly de-
scribe and market their specialized expertise.

The term geomatics is a recent creation to convey the true collective and scientific nature of
these related activities and has the flexibility to allow for the incorporation of future techno-
logical developments in these fields. Adoption of the term also allows a coherent marketing

1
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of the profession to industry and schools on a worldwide basis. As a result, both course and
award titles in the traditional Land Surveying sector at many of the world’s leading univer-
sities are being changed to “Degree in Geomatics”. This does not suggest the demise of the
term “surveyor” and graduates will still practice as land surveyors or photogrammetrists,
etc. as appropriate to their specialization.
In the last decade, there has been dramatic development and growth in the use of hardware
and software solutiohs to both measure and process geo-spatial data. This has created and
will continue to create new areas of application, with associated job opportunities for
suitably qualified graduates. As a result, the role of the “surveyor” is expanding beyond tra-
ditional areas of practice, as described above, into new areas of opportunity. In addition,
recent advances in the technology of data collection and processing have blurred the boun-
daries of practice and activity between what were previously regarded as related but separate
areas. Such developments are forecast to continue and will create new career paths for gra-
duates whose education and training is broadly based and of a high academic standard.
To enable graduates to take full advantage of these developments, significant changes in
education and training are required. Academic and professional institutions are also respond-
ing, in part, by adopting the term geomatics both as a course and as an award title. A work-
ing definition of geomatics, which reflects current thinking and predicted change, is:
The science and technology of acquiring , storing, processing, managing, analyzing
and presenting geographically referenced information ( geo-spatial data). This broad
term applies both to science and technology, and integrates the following more specific
disciplines and technologies including surveying and mapping , geodesy, satellite posi-
tioning, photogrammetry, remote sensing, geographic information systems (GIS),
land management, computer systems, environmental visualization and computer
graphics.
Several terms such as “geomatics,” “geomatic engineering,” and “geoinformatics” are now
in common use pertaining to activities generally concerned with geographic information.
These terms have been adopted primarily to represent the general approach that geographic
information is collected, managed, and applied. Along with land surveying, photogram-
metry, remote sensing, and cartography, GIS is an important component of geomatics.

Branches of Geomatics

Data acquisition techniques include field surveying, global positioning system (GPS), satel-

lite positioning, and remotely sensed imagery obtained through aerial photography and

satellite imagery. It also includes the acquisition of database material scanned from older

maps and plans'and data collected by related agencies. ‘

Data management and process are handled through the use of computer programs for engi-

neering design, digital photogrammetry, image analysis, relational data base management,
2 .
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and geographic information systems (GIS). Data plotting (presentation) is handled through
the use of mapping and other illustrative computer programs; the presentations are dis-
played on computer screens ( where interactive editing can occur) and are output on paper
from digital plotting devices.
Once the positions and attributes of geographic entities have been digitized and stored in
computer memory, they are available for use by a wide variety of users. Through the use of
modem information technology (IT), geomatics brings together professionals in the follow-
ing disciplines: surveying, mapping, remote sensing, land registration, civil and marine
engineering, forestry, agriculture, planning and development, geology, geographical sci-
ences, infrastructure management, navigation, environmental and natural resources moni-

toring, and computer science.

Other Definitions of Geomatics

As defined by the Canadian Institute of Geomatics in their quarterly journal “ Geomatica” :
Geomatics is a field of activities which, using a systemic approach, integrates all the means
used to acquire and manage spatial data required as part of scientific, administrative, legal
and technical operations involved in the process of the production and management of spatial
information.

The definition of Geomatics is evolving. A working definition might hbe “the art, science
and technologies related to the management of geographically-referenced information.”
Geomatics includes a wide range of activities, from the acquisition and analysis of site-spe-
cific spatial data in engineering and development surveys to the application of GIS and re-
mote sensing technologies in environmental management. It includes cadastral surveying,
hydrographic surveying, and ocean mapping, and it plays an important role in land adminis-
tration and land use management.

Geomatics is the modern scientific term referring to the integrated approach of measure-
ment, analysis, management, storage and display of the descriptions and location of Earth-
based data, often termed spatial data. These data come from many sources, including earth
orbiting satellites, air and sea-borne sensors and ground based instruments. It is processed
and manipulated with state-of-the-art information technology using computer software and
hardware. It has applications in all disciplines which depend on spatial data, including envi-
ronmental studies, planning, engineering, navigation, geology and geophysics, oceanogra-
phy, land development and land ownership and tourism. It is thus fundamental to all the
geoscience disciplines which use spatially related data.

[from the School of Geomatic Engineering, Univ. of New South Wales]
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Geomatics is concerned with the measurement, representation, analysis, management, re-
trieval and display of spatial data concerning both the Earths physical features and the built
environment. The principal disciplines embraced by Geomatics include the mapping sci-
ences, land management, geographic information systems, environmental visualisation,
geodesy, photogrammetry, remote sensing and surveying.

[from the Dept. of Geomatics at Univ. of Melbourne ]

Geomatics comprises the science, engineering, and art involved in collecting and managing
geographically-referenced information. Geographical information plays an important role in
activities such as environmental monitoring, management of land and marine resources, and
real estate transactions.

[from the Dept. of Geodesy and Geomatics Engineering at UNB]

The science of Geomatics is concerned with the measurement, representation, analysis,
management, retrieval and display of spatial information describing both the Earth’s physi-
cal features and the built environment. Geomatics includes disciplines such as:

Surveying, Geodesy, Remote Sensing & Photogrammetry, Cartography, Geographic Infor-
mation Systems, Global Positioning Systems.

(from the Dept. of Surveying and Spatial Information Science at the Univ. of Tasmania ]

Words and Expressions

geoscience [,dzi(:)au'saians] n. HERFl 2
informatics [iinfo'matiks] n . 15 B2, 1E 2
monitor ['monita] ve. Yi¥ ». WIE, WM, F5H) B RS, Wi
appreciate [a'prisfieit] vi. 3{&, BEH v BiR, K%, WK
dwindle ['dwindl] v. 45/
ISO(International Standardization Organization) ['aisou]abbr. EFRRHEALH R
explicit [iks'plisit] adj. WA, SMER, BHHEK, (A% EBMNXNY
hydrographic [ haidreu'greefik ] adj . S/KERBH XK, SKCHBEA XL
hydrographic survey ¥l & , /KB &
practitioner [praek'tifana] n. Mb %, FFL &
expertise [iekspa'tiz] n. ¥[THAR, TXHWER
flexibility [ifleksa'biliti] n. ERIHE, HLEIHE, $54
incorporation [inlko:pa'reij'en] n. %8, 53, Bl AHm, ?ﬂﬁiﬁﬂ(ﬁﬁ:m)
coherent [kou'hiorent] adj. —B K, EHEY
demise [di'maiz] n 38T, ik, Bk o ib¥E, 8, BiF
blur [bla:] v. B(FRL&, MAES)FHENRF, %5, BHR(BES), Fi5
4
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visualization [ vizjualai'zeifon] ». B] ¥4k, WEHEHEH

pertaining [ pa(:) teinin] ads. H---AXRZH, BB -85, H---HEFH(to)
imagery ['imidgori] »n. H R CEHR), MEZZE

plotting [ 'plotin] =n. ¥, W

illustrative ['ilastreitiv] adj. YtHIHERY, BHEHRY

entity ['entiti] n . SE{K

digitize [ 'didzitaiz] ». [T ] R R FL

registration [ redzis'treifon] ». M, 3B, Bid

forestry [ 'foristri] n.#KF=, FRAkHh, k¥

geology [dzi'oledzi] n . MR, HbJR LA

geographical [ dzia'graefikal] adj. #IIBS AT, HIRK

infrastructure ['infrostraktfa] n. ZREF AN, FTHHE

navigation [ineevi'geifan] ». S, 001, 13,80, AT

quarterly [ 'kwotali] adj. —FENKY, BEH

evolve [i'volv] v. () K&, (f) #t@, () ik

cadastre [ko'deesta(r)] n. HUEESE, HbEE, HEE

cadastral surveying Hi &5 W &

sensor [ 'senss] n. {5 /K24

manipulate [mo'nipjuleit] vz. (B GkH)R1E, A HLES), BUARTH . 75), FH
state-of-the-art & RILR , Fe K & B HR

geophysics [,dzi(:)ou'fiziks] n. HLER Y3

oceanography [ aufia'nogrofi] n . ¥ 2%

retrieval [ri'tricval] n. &, E, B3, Bk

embrace [im'breis] vz $H, AR, B8, WK, 58 «i 0 ». 9

Terms Highlights

geomatics |42

geodesy Kbl &%

surveying and mapping M4

photogrammetry 5 il & 2

remote sensing (RS) i &%

global positioning system (GPS) 2B ENMN A5
satellite positioning T & 5& i

geographic information systems (GIS) HIE{E B &%
land management T Hb & ¥

computer graphics B ¥ EE 2
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Unit 2 Geodetie Surveying and
Plane Surveying

Surveying has been traditionally defined as the art and science of determining the position of
natural and artificial features on, above or below the earth’s surface; and representing this
information in analog form as a contoured map, paper plan or chart, or as figures in report
tables, or in digital form as a three dimensional mathematical model stored in the computer.
As such, the surveyor/geodesist dealt with the physical and mathematical aspect of mea-
surement. The accurate determination and monumentation of points on the surface of the
Earth is therefore seen as the major task. Though these surveys are for various purposes,
still the basic operations are the same — they involve measurements and computations or,
basically, fieldwork and office work. There are many different types of surveys such as land
surveys, route surveys, city surveys, construction surveys, hydrographic surveys, etc. ,
but generally speaking, surveying is divided into two major categories: geodetic and plane
surveying. Surveys will either take into account the true shape of the Earth (Geodetic sur-
veys) or treat the earth as a flat surface (Plane surveys). Additionally, surveys are con-
ducted for the purpose of positioning features on the ground (Horizontal surveys), deter-
mining the elevation or heights of features (Vertical surveys) or a combination of both.

Geodetic Surveying

The type of surveying that takes into account the true shape of the earth is called geodetic
surveying. This type of survey is suited for large areas and long lines and is used to find the
precise location of basic points needed for establishing control for other surveys. In geodetic
surveys, the stations are normally long distances apart, and more precise instruments and
surveying methods are required for this type of surveying than for plane surveying.

Widely spaced, permanent monuments serve as the basis for computing lengths and dis-
tances between relative positions. These basic points with permanent monuments are called
geodetic control survey points, which support the production of consistent and compatible
data for surveying and mapping projects. In the past, ground-based theodolites, tapes, and
electronic devices were the primary geodetic field measurements used. Today, the techno-
logical expansion of GPS has made it possible to perform extremely accurate geodetic sur-
veys at a fraction of the cost. A thorough knowledge of the principles of geodesy is an abso-
lute prerequisite for the proper planning and execution of geodetic surveys.

In Geodetic Surveys, the shape of the earth is thought of as a spheroid, although in a

6
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technical sense, it is not really a spheroid. Therefore, distances measured on or near the
surface of the earth are not along straight lines or planes, but on a curved surface. Hence,
in the computation of distances in geodetic surveys, allowances are made for the earth’s mi-
nor and major diameters from which a spheroid of reference is developed. The position of
each geodetic station is related to this spheroid. The positions are expressed as latitudes
(angles north or south of the Equator) and longitudes (angles east or west of a prime merid-
ian) or as northings and eastings on a rectangular grid.
A geodetic survey establishes the fundamentals for the determination of the surface and
gravity field of a country. This is realized by coordinates and gravity values of a sufficiently
large number of control points, arranged in geodetic and gravimetric networks. In this fun-
damental work, curvature and the gravity field of the earth must be considered.

Plane Surveying

The type of surveying in which the mean surface of the earth is considered a plane, or in
which the curvature of the earth can be disregarded without significant error, generally is
called plane surveying. The term is used to designate survey work in which the distances
or areas involved are of limited extent. With regard to horizontal distances and directions, a
level line is considered mathematically straight, the direction of the plumb line is considered
to be the same at all points within the limits of the survey, and all angles are considered to
be plane angles.
To make computations in plane surveying, you will use formulas of plane trigonometry, al-
gebra, and analytical geometry. For small areas, precise results may be obtained with plane
surveying methods, but the accuracy and precision of such results will decrease as the area
surveyed increases in size. For example, the length of an arc 18.5 km long lying in the
earth’s surface is only 7 mm greater than the subtended chord and, further, the difference
between the sum of the angles in a plane triangle and the sum of those in a spherical triangle
is only 0. 51 second for a triangle at the earth’s surface having an area of 100 km?. It will be
appreciated that the curvature of the earth must be taken into consideration only in precise
surveys of large areas.
A great number of surveys are of the plane surveying type. Surveys for the location and
construction of highways, railroads, canals, and in general, the surveys necessary for the
works of human beings are plane surveys, as are the surveys made to establish boundaries,
except state and national. However, with the increasing size and sophistication of engi-
neering and other scientific projects, surveyors who restrict their practice to plane surveying
are severely limited in the types of surveys in which they can be engaged.
The operation of determining elevation usually is considered a division of plane surveying.
Elevations are referred to the geoid. The geoid is theoretical only. It is the natural exten-
sion of the mean sea level surface under the landmass. We could illustrate this idea by
7
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digging an imaginary trench across the country linking the Atlantic and Pacific oceans. If we
allowed the trench to fill with seawater, the surface of the water in the trench would repre-
sent the geoid. So for all intents and purposes, the geoid is the same as mean sea level.
Mean sea level is the average level of the ocean surface halfway between the highest and
lowest levels recorded. We use mean sea level as a datum or, curiously and incorrectly, a
datum plane upon which we can reference or describe the heights of features on, above or
below the ground.

Imagine a true plane tangent to the surface of mean sea level at a given point. At horizontal
distances of 1 km from the point of tangency, the vertical distances (or elevations) of the
plane above the surface represented by mean sea level are 7.8 cm. Obviously, curvature of
the earth’s surface is a factor that cannot be neglected in obtaining even rough values of ele-
vations. The ordinary procedure in determining elevations, such as balancing backsight and
foresight distance in differential leveling, automatically takes into account the curvature of
the earth and compensates for earth curvature and refraction, and elevations referred to the
curved surface of reference are secured without extra effort by the surveyor.

There is close cooperation between geodetic surveying and plane surveying. The geodetic
survey adopts the parameters determined by measurements of the earth, and its own results
are available to those who measure the earth. The plane surveys, in turn, are generally tied
to the control points of the geodetic surveys and serve particularly in the development of na-

tional map series and in the formation of real estate cadastres.

Words and Expressions

artificial [iati'tifel] adj. A&, K, JEE Y
analog ('enslog] n. U4, Ml
chart [tfat] n. B3, HE
dimensional [di'menfansl] adj . %5 &) Y
monument [ 'monjumant] . L&
permanent monument K A ¥R A
monumentation 37
fieldwork ['fildwark] n. BFShTHE, STHEZ, FFAMEL
category [ 'keetigeri] ». #4359, (& )75B%
permanent [ 'parmenant ] adj. KA B, ALK
theodolite [6i'odolait] . [ ]2 451X
prerequisite [ pri:'rekwizit] n . fEH &4
spheroid [ 'sfioroid] » . BRR &, [EH#85 R
allowance [s'lauons] n. HiFiRE, BE, 5458
diameter [dai'emite] » . H4%
equator [i'kweita] n. #Hili, HKidL

8
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latitude ['1etitjud] ». S, HHE; (AERO#HKX
longitude ['londszitju:d] n. &F, ELELHF
meridian [ma'ridian] »n. FF L&, EF, TR, £BNY odj. FFLEN, EFH
prime meridian 4] F4 2, ¥ FFBL
northing ['no®in] ». JLEE(MEALAMATEOBERS), dbi#, LA
easting ['istin] ». KRG, ¥BEKF; FITHE
gravity ['greeviti] »n. HE 1, #0311
gravity field T A%
curvature [ 'korvatfa] n. HIZ, &y
plumb [plam] » 4V 8E, ¥ odj BEHE v FEH, EW
plumb line #fFELk
trigonometry [ itrige'nomitri] »n. =k
plane trigonometry ¥ = £
algebra [ 'eldzibra] n. ¥
analytical [izena'litikol] adj. fRWTHY, TR
analytical geometry &7 JLfA]
chord [kod] ». 3%, 3% K
triangle [ 'traiengl] n. [BI=/AE, ZA—4H, ZAXE
spherical ['sferikol] adj . BRIE B0, BREY
sophisticate [so'fistikeit] vr. FHE I, Hik; FHFEH#H
sophistication [so/fisti'keifon] n. B 4%; RIAIFH, fEl
geoid ['dziwid] ». [Hb ] K HIKEE
trench [trent[] ». VIR, FHE, FW, BA4W, K
Atlantic Ocean X PH#
Pacific Ocean X #
tangent [ 'teendzent] adj. HYIRY, WILRE »n. WL, (HIFEW
backsight [ 'baeksait] n. 5
foresight [ 'fosait] n. Bj#L;iZ 0, HiiE &
refraction [ri'frekfon] n. ¥, 5t

Terms Highlights

geodetic surveying b il £ , i U & %
plane surveying ¥ H i & , ¥ & M & 3
control survey %l &

horizontal survey /K3 &, EHE &
vertical survey BN R, EHANE
topographic survey 7 i f&

detail survey BEER N B
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land survey ( property survey, boundary survey, cadastral survey) T B, MW E
route survey B2k &

pipe survey & i# il &

city survey 3R 3 &

hydrographic survey 7K iH#l &

marine survey ¥ ¥ U &

mine survey B LI &

geological survey i jf fif

10



