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CHAPTER 6
TOPOGRAPHIC SURVEYING

1. INTRODUCTION

From the hydrographic point of view a Topographiag\v@y consists of a series of tasks carried out wit
the aim of determining the composition of thosdgaf the earth’s surface which emerge from theswat
It includes the coastal relief and the locatiopefmanent natural or artificial objects and feature

Such information is partly obtained by determinthg position of points on the ground, which allows
their shape as well as details of the featurestddpicted, enabling their location and descriptmibe
charted. Other sources of data include remote irggnprocesses from aerial photogrammetric
information, other airborne sensors or satellitegery products. In these cases it is necessatetie
ground control points in order to adjust the infation to the reference frame in use.

The term topography often has other applications, eikample in oceanography it is used to depict
seafloor surfaces or the boundaries of certain watess characteristics. All these meanings share a
common external description of surfaces coveriphysical body.

This chapter deals with the methods applicable e tlescription of coastal features as part of
hydrographic surveys, particularly with regardshe appearance of the ground and the locationtaflde

It includes coastlining and location fixes, genlgraglated to the high water line for marine sursiethe
information on these areas ranges from this linghtolow water line, as well as conspicuous coastal
features which allow the mariner to position himselative to near shore dangers.

Except in harbours or coastal areas, where opest@ projects are planned or expected to be
undertaken, it is necessary to make detailed oh8ens of coastal formations by topographic survey
methods.

In some cases, much of the topographic surveyinglmeaundertaken via photogrammetric processes. In
these surveys, control is achieved by positionieigits on the ground which may be identified in gas
Additionally it is necessary to add information waiimay provide a proper interpretation of the gtree

of coastal features.

In coastal topographic surveys it is also essetdillicate all aids to navigation within the surveyarea;

if required, the horizontal and vertical geodetintrol network should be made denser. In all theses,

it is essential that the reference system for dp@dgraphic survey co-ordinates, the geodetic cbaird
aids to navigation (reference stations, lights,cbaa, etc.) is consistent with the reference sysieed
for the rest of the hydrographic survey. This préion is fundamental for the mariner, who posgion
himself with the use of the aids to navigation atlder coastal details, to be able to rely on therteld
depths at every fix.

This chapter will deal first with the methods apglito land surveying, then it will deal with remote
sensing ranging from photogrammetric processeat#dlise imagery.
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Except for the restatement of some basic principlésch are deemed essential, it is assumed tlierea
has previously examined Chapter 2 (Positioning) reltseibjects related to co-ordinates on the spheroid
and the plane, horizontal/vertical control methadd positioning equipment and methods are covered i

more depth.

2. TOPOGRAPHY, COASTLINE DELINEATION AND AIDS TO N AVIGATION
POSITIONING

2.1 Specifications

2.1.1 All tasks shall assume, as a minimum, the spetifina stated in publication S-44 (IHO
Standards for Hydrographic Surveying), particuldhlgse relating to Chapter 2.

2.1.2 In S-44 Table 1, errors with regard to posiifor other important details and coastal featare
expected to be below the following limits:

TABLE 6.1 (TABLE 1 IN S-44)
SPECIAL ORDER| ORDERS| ORDER 2
laand 1b
Positioning of fixed aids to
navigation and to_pography om om 5m
significant to navigation.
(95% Confidence level)
Positioning of the coastline
a_nd _tqpography I_ess_ 10 m 20m 20m
significant to navigation.
(95% Confidence level)
Mean position of floating
aids to navigation. (95% 10 m 10m 20m
Confidence level)

2.1.3 Thorough checks must be conducted to cortfiah the reference system used to show all the
control point co-ordinates is the same. Verifioatshould include an analysis of records and
whenever doubts arise, field checking should blkided.

2.1.4 To check positioning accuracies, a strict routioedross checking between physically obtained
control point details and the supplied co-ordinat@suld be instituted. This will avoid the
situation of co-ordinates from measured closedudisaeturning to the same control point being
exclusively used; instead, other ways of ensurhregdxpected consistency should be included.
Therefore, at least one connection that ensuresdhsfer of co-ordinates from one control point
to another should be included in the applied messants.

2.1.5 When satellite services (GNSS) are used for altimpurposes, it should be ensured that, besides

the accuracy of the process being undertaken, @@ns between heights above the reference
spheroid used and the mean sea level are sufficiaoturate to meet the requirements of S-44.
The main purpose of this precaution is to meetrdgpiirements directly associated with sea
levels, water intakes or artificial outlets, suriey for coastal projects, ground control for
photogrammetry, harbour surveys, etc.
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Exceptions to these requirements are surveys iateba show the coastline from the sea, the
sea-level positioning for conspicuous objects erfthighting of lights, signals and beacons where
errors up = 0.3 m are allowed for groups of sign@ading lines) and up to £ 0.5 m for an

isolated signal or object. In the case of grouadtml points intended to define the coastline
shape, the error tolerance can be = 0.5 m for Sp€eder and + 1 m for Orders 1 or 2, when the
ground slope is below 10%. On steeper slopes @l@rance can be up to + 1 m +-0.8 iH, where
H is the horizontal error, which is shown in Tablg &ndi is the slope (elevation angle tangent).

The principle methods of coastlining are:

Real Time Kinematic with GNSS (RTK trough GPS, ktc.

Resection fixes (EDOM, sextant, theodolite, etc.);

Traverses (EODM, Total Stations, level and taclstathymetry or sextant and 10’ pole)*;
Intersection (EODM, theodolite or sextant);

Air photography;

Existing maps.

~Po0Tw

(*) In traverses with sextant and 10’ pole, the hortabangles are measured by sextant (see
5.3.1 at Chapter 2) as well as the distances wisipecial rod, where an angle is converted into a
distance (parallactic method, through the measueénveen two separate marks of a known
distance apart).

The methods used will depend upon the scale asuheey, the time and the equipment available;
i.e. existing maps, where small details can be shawuld well be used for scales of 1:50000 or
smaller (1:100000). Similarly air photography d@used, but it is likely that such images will
be reduced and interpreted as necessary at thendbkilydrographic Office (NHO).

Photogrammetric restitution is also a suitable mét{derived from aerial information), but it is
advisable to complement this process with grourid dallected during the field reconnaissance.

Positioning methods and Accuracies

GNSS (See 6.1 at Chapter 2)

Methods using single navigation systems are onpfiegible for cases for which, as shown in Table 6.1

errors of £ 20 m are acceptable. Using particgkution, including an experimental calculation for

corrections to points known before and after sungyor periods over 2 hours between sunrise and
sunset, it could be applied to cases which, acongrtti the Table above, require £ 10 m accuracidsras

as the calculation of such corrections are condistéh the given limits.

Methods using the observable codes in differemtiatle (DGPS, etc.) with reference stations at géodet
control points may be used for cases requiring m $or the highest accuracies. In cases with more
accurate requirements (i.e. £ 2 m Table 6.1), loegsses used should be phase measurement of carrie
waves L, L,/L,, etc.
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In these cases, the following possible vector srshiould be considered:

TABLE 6.2
VECTOR LENGTH Ly L./L,
Up to 10 Km t1lcm =1 ppm
10 to 40 Km +lcm =2 ppm £1lcm =1ppm
40 to 200 Km
Above 200 Km NOT APPLICABLE +2cm =2 ppm (¥)

(*) With suitable time periods, special equipment asfthvsre, errors may be below £1 cm £1 ppm.

Regarding Table 6.2, it should be noted that upom ¢xpected GNSS development from 2005,
consideration should be given for updating to allpmevision for the additional band L5 and the full
operational reception compatible of GPS, GLONAS& GALILEO.

Likewise, the increasing potential of operatingngsieal-time kinematic (RTK) mode suggests that its
use may exceed present surveying capabilities @ndse for some ground control positioning may be
expected. For the present (2004), such technioagsbe considered to have errors of £ 5 cm £5 ppm.

Moreover, within GNSS development, not withstanding above, new differential services, in addition
to those already existing, are planned to comeapgration:

- Ground - Based Augmentation Systems (GBASs) wiahsmissions from earth stations near
airports as well as other intensively used sites;

- Satellite - Based Augmentation Systems (SBASs) vattellites receiving differential
correction signals from different stations and tiramsmitting adjusted corrections. One of
the most complete networks scheduled to becomg éyerational by 2005 is the so-called
WAAS (Wide Area Augmentation System) sponsored HyFBA (US Federal Aviation
Association).

Some of these services are operating with diffeceatacteristics, though they are expected to aserén
number and introduce greater capabilities. Th@atation has generated the possibility of conohgrt
more surveys without the need of establishing egfege stations. Nevertheless, it is not advisablieeto
over optimistic with its application if there is melatively near earth station contributing to Hystem.
Another method is to implement active station neksp the reception of which is centralized and
transmits precise ephemeris calculations whichappdicable to a particular region.

Returning to coded differential equipment with bataions operating on control points, there araeso
which, by means of a so-called "sub-metric" treattmenay achieve errors in the order of 10 cm + 10
ppm without strictly using the L phase of carriarsl allow base-rover distances as much as 10 Km.

There is a wide variety of equipment on offer betwfew fulfil such error limits. It is, therefare
advisable to check the procedures with a test hfiosting them at several distances on the existing
control points in order to obtain a reliable assesH.

For the remainder of this chapter, it is assumed the equipment in use is measuring the phases of

carrier wave(s) (L1 or L1/2) within the limitatiorstated in Table 2 and RTK mode error (+ 5cm =5
ppm) as mentioned.
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Ideally, to carry out a topographic survey, all fngints should be surveyed from base stations with
control marks. Wherever existing control points aot sufficient it should be expedient to incretsse
density of them. Fig. 1 illustrates such a pla@, from existing network marks, new control poiats
generated by GNSS vectors using geodetic receinessstatic relative mode. To make corrections to
geodetic heights (above the spheroid), in ordebtain heights above mean sea level or others iassdc
with it (see Chapter 2), it is necessary to tialtrmetric control points.

It is desirable that photogrammetric ground conpaihts and aid to navigation signals are calcdlads
a minimum, from two control points. Faster methedsh as stop and go or real-time kinematic (RTK)

modes may be applied both to these types of coptinits and to surveyed ground features, as long as
they meet the requirements in Table 6.1.

If, while surveying, the need arises for the getienaof additional control points, they should heained
from two previously determined control points.

N\ Esisting Control Point
/’ [  Mew Control Points
/ - () Asimetric Control Point
— <> #id to Navigation Signal
" \u o  SurveyPoint
| % Ground Control Point for Photogrammetry

Stabe relative vecion

Fig. 6.1
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The ease of creating new control points as wethascost of building and preserving bench marks, or
other marks, is setting the trend for minimum moeuatation. In such cases, illustrations such as@=R

may be chosen.

& Control Point

O GMNES Surveay Station
(Basa)

<> Ald to Mawvigation Signal

Survey Point (Riowver)
Static Relative Vector

=]

Fig. 6.2

Besides serving as a base for rover receiver refetéSNSS survey stations are connected to eaeh oth

by static relative vector measurements thus forpasga minimum, a traverse between control points
without generating additional monumentation. Instntases, these traverses will have been measured

with the same instruments as used to survey gréeatdres.
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2.2.2 Triangulation (See 3.2.1 at Chapter 2)

It is a technique based on principal angular measants. Before the middle of the™2gentury, it was
the most common method for establishing geodetiotrob networks and for sole calculation of
conspicuous points, marks and other aids to naeigatr photogrammetric ground control points. 8inc
the 1960s Electronic Distance Measuring equipmBmM) or Electro Optical Distance Measurement
(EODM) has superseded the above methods. Moretigdbey have been replaced by satellite methods,
particularly since a permanent global coverage egtablished in the 1990°s

The earliest form of triangulation for hydrograplpiarposes consisted of a series of observations as
Fig. 6.3, with a relatively small number of measusides (baselines) and a large number of angular
measurements, which are showed here with the obdelivections. Such a diagram provides a gredt dea
of redundancy; each double-diagonal quadrilateaal three angular verifications created by adding or
subtracting values. Nevertheless the network gsatll determined by the baselines.

In old unconnected geodetic controls, position amtentation were established from astronomic
observations of latitude, longitude and azimutla idatum. Now days, if marks are use from thesdskin
of networks, it is usually necessary to re-obseand recalculate via GNSS in order to convert co-
ordinates into a universal system like WGS 84 @@€8 at Chapter 2).

In general it should be noted that distances frbm lhaselines could be measured within accuracies
ranging from 1ppm to 3ppm, directions from £ 0.6"#2", and transition from a base to another (ihat
the contrast between the base transfer by triaregl@ution and the other measured base) could figrma
be checked within 20 ppm and 40 ppm.

These limitations should be taken into account wimgimg to adjust an old triangulation network to a
present framework via GNSS observations, with dista of 200 or 300 km there can be differences of
several meters (2 or 3). Besides tolerating difiees of these orders, it is necessary to havéieiesot
number of well-distributed connections to commotudes and of datum conversion algorithms in order
to absorb the distortions typical of the old netkgofsee Chapter 2)

Not withstanding the above statement, densificatign GNSS of datums with fixed co-ordinates
computed from old triangulations should be avoideah cases often lead to distortions and inacmgac
in the final results. If unavoidable due to thexthdéo keep the co-ordinates of an old datum, it bel
necessary to adopt very particular computatiortesjias and the limitations of the values obtainecstm
be stated at an early stage.
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e Baseline

% Cbserved Directions

Fig. 6.3

A control network with the characteristics as ig.F6.3 had, in general, sides with lengths ran@iom

15 to 25 km, 18 km on average, with triangle clesairors from + 1" to + 2"; this was termed firster
triangulation. The following densifications hadser sides (10 to 15 km) with closure errors froR"

to + 4"; they were designated second-order trisatgad. There were also third-order and fourth-order
triangulations with shorter sides and higher tolees, + 5", for third-order triangulation, and +'1fbr
fourth-order triangulation. Table 6.3 details tygligalues and aspects of these orders.
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Table 6.3
TRIANGULATION MEASURES CHARACTERISICS
ORDER SIDES TYPICAL TYPICAL TYPICAL TRIANGLE
LENGHTS | THEODOLITE | NUMBER OF | DIRECTIO| CLOUSURE
(Km) DIRECT REITERA N ERROR ERROR
READING TIONS (*) “) TOLERANCE (¥
ERROR
) ®
1% 15 to 25 0.1t00.2 9to 18 0.1to 05 1to?2
2" 10to 15 1" 6t09 1to?2 2t0 4
3 5to 10 1" to 10" 4106 2t03 5
4 210 10 10" 2t0 4 5 10

(*) See 5.3.2 at Chapter 2

For each order of work, the co-ordinates of thehbigorders were taken as fixed co-ordinates and
generally the baselines and astronomical statiars wxclusively for the highest two orders.

In lower order work, it was normal to select a feigher order points at a time, as in Fig. 6.4 lgfgugh

in some cases for control densification networked®n of a larger number of points with shortigles
observations (Fig. 6.4, right) was carried out,tipatarly whenever triangulation towers had been
removed. These towers were used to elevate theofisight over trees, topographic features androth
obstacles interfering with the observations. Obslp their removal prevented long sights from being
conducted which led to this type of solution.
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& Prestous Order Trangulation Point

O Mew Points of the Densification Metwork

-::.“.:_ Ctsorved Dirpctions

Fig. 6.4

In some cases, in hydrographic surveying, the telangulation has been used to describe survey points
with flare triangulation by intersection (see 2)2.4 hese flares were dropped with parachutesoadlyi
over the point to be located and, whilst burningeations from control points would be simultandgus
observed; this was conducted towards many coastatsprequiring to be surveyed, as many were not
visible. Balloons, luminous shots or mobile, etedasignals were also used for the same purposes.

The term triangulation has also been used when uriegsangles to control points with a sextant,
sometimes in combination with observations fromhspoints. The exclusive use of observations from
points to be calculated is treated as a reseati@n?.4.

Although these survey techniques are becoming etesalue to intensive use of other more responsive
modern methods, they still are effective.
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One of the typical problems of triangulation is #reor propagation dependence on the figure shapes,
which the error results (positions) rely not only the measurement error but also on the network
geometry. This problem is dealt with for particukeaises in 2.2.4 though it admits more complex
generalisations. For example, a single chain afilagral triangles is more rigid than a chain with
unequal angles. Also, a two-diagonal square cl&imore rigid than a chain with rectangles or
trapeziums with similar diagonals.

2.2.3 Traverse(See 3.3.1to 3.3.4 at Chapter 2)

Before the 1950-1960 decade, use of combined dstaand directions was restricted to small areas bu
later, with the development of EDM and EODM equiptndarger networks with longer sides (5, 10, 15,

20, ... km) could be created. As stated at theinbégy of 2.2.2, these techniques superseded
triangulation.

For some time (about 1960) a new technique baseexclusive side measurement (trilateration) (See
3.2.2 at Chapter 2) was considered but it was ¢pigjected, mainly due to a lack of internal checRo
clarify this concept, a single triangle has an armgbsure condition while a trilateral of the sashape
has no way of being checked; a quadrilateral with diagonals and all its directions measured, @edt

in 2.2.2, has four closure conditions whilst theneatrilateration geometrical figure with its 6 side
measured has only one verification. This advantagetriangulation is limited since the method reqe
some sides being measured (baseline); howevetendition can be conducted without observing any
angles.

A combination of both techniques resulted in a ahlé solution, although sometimes termed
triangulateration, here it will be termed traverakhough often a traverse may be a simple suanesdi
measured angles and distances.

One of the most important properties of traversesthiat error propagation is independent from
configuration; that is there is no requirementdomplex network design involving suitable geomstoe
erecting towers to facilitate certain lines of gigh-rom the practical point of view with this kiraf
network, uniformity of control points with survetations or aid to navigation requirements was fasi

In general, it is advisable to maintain a reasomdidlance between the accuracies of both types of
measurements (directions and distances) in ordengoove the geometry independence in relatioméo t
accuracy of results. One of the applicable rudes i

oDIST _ 0ANG
DIST ~ 20000(

where oDIST is the distance standard deviation stated in #mesunit aDIST, and dANG is the
standard deviation of a measured direction statesekagesimal seconds. Then, NG =+ 1" the
distances required are 5 ppm (1/200000) and fd' 2%ppm (1/40000) is enough.

The required angular or distance errors must neeeronfused with the instrument reading or resotuti

capabilities. The observer limitations, the ennimental conditions, the correction accuracies,titne
when measurement were made, etc., must also beleost.
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For example, for an inclined distance measuremdtht an angle of elevation of 20° and 5 km in length
with an elevation difference error of £ 0.5 m, #veor in its horizontal projection is expected o b

0.5mtan 20°=0.18 m

Thus, in spite of being measured with EODM equipimetose error may be in the order of £ 1 cm + 2
ppm, and with the inclined distance error of £ 2 @nused for transferring a horizontal positiolne terror
is+ 18 cm.

A distance measured with EDM equipment must beected for environmental conditions (pressure,
temperature, humidity).

Humidity is calculated according to pressure amdperature with dry and wet bulb observations, it is
very important for measurements taken by microwawds measurement should be taken with EDM in
an oversaturated atmosphere (rain, drizzle, fog)y ®RODM measurements humidity is not so important,
although the luminous wavelength used should besidered. LASER radiations have an advantage
since they are basically monochromatic, it is geltesufficient to obtain pressure and temperatiat.

For long distances (more than 5 km) it is recommaenthat the environmental parameters at both ehds o
the distances to be measured are obtained andteeaged.

Manufacturers usually provide the instructions rimaiking the necessary corrections to their equipment
In EODM, the reflector prisms should be used witle tequipment with which a calibration was
conducted to avoid errors in measured distancesesmes above 1 cm.

In distances above 5 km corrections for earth agcturvature must be made. Such correction is:

(1_ k)2 D3
24R?

+

Wherek is the refraction coefficient (rate between earht ray radius). In mean conditions it is 0.25 for
microwaves and 0.13 for luminous waves. It is isight to introduce its approximate mean value as
earth radius.

R =6371000m

Figure 6.5 illustrate® (measured distance) aBdreduced distance to reference surface) meanings
is necessary for the above correction and the ciiorefor point elevations, which is detailed below
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Fig. 6.5

It is important to note that the above correctiondurvatures takes into account the geometricefié
both arcs as well as the physical influence produre a consequence of ray propagation at a slightly
lower level than that for mean environmental candg at both ends.

Correction for ray elevation and inclination is maignificant. The general expression is:

DZ_(HZ — H1)2

S=
Hl H2
@+ R )(1+—R )

The way in which such elevations are obtained, @afhg their differenceAH = (H2 - H1), affect the
correction error. By simply considering the nuntera

S=-/D?-AH?2

we can deduce the influence:

Ah .
S=——— dAh=idAH
/D2-AH?2

previously mentioned. Therefore, the elevatiofedénce error must be multiplied by the slope,
i =tan a, in order to obtain the influence produced ondberected distance error.
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In topographic surveys it is usual to make caldéoest in plane co-ordinates; for this purpose it is
necessary to have previously applied correctiorthegorojection plane. The way in which this tygfe
corrections may be calculated is detailed in 2.2.5.

The general and most correct way of calculatingagerse network on the representation plane isvia
previous calculation of the co-ordinates for eveeyv point commencing with the values of the known
points and the uncorrected observations. It ies®dary to average some results taken from different
points starting with the additional redundant obagons. When the provisional co-ordinates havenbe
accepted, the above corrections should be appliddreen observation equations are to be obtaithed, t
unknown quantities of which are the correctiongsh® co-ordinates, in order to conduct a least sguar
adjustment.

If any observation exceeds tolerance levels (maminagmissible error) the original records should be
checked, if no apparent cause is found regardiagethor source re-measurement should be considered.
If there is sufficient redundancy, the erroneousesbation may be removed and a new adjustment
conducted.

In some basic traverse circuits an approximate shaignt may be achieved by distributing the angle
closure error first and then the co-ordinate clesenror proportional to side length or some otbgidal
criteria.

Angle closure errors in traverses must be below:
+ (5..+2..\m)

wheren is the number of angular stations making up thmeudi In secondary traverses, intended to
increase the density of the control points, theramay extend to:

+ (10'+10'/n)

When the purpose is limited to fixing co-ordinabésoastal details, larger tolerances may be pezthit

Co-ordinates closure errors should be no more thervalues stated in Table 1 depending on the tise o
the network, noting that adjusted co-ordinatedritarmediate points will have errors in the ordehalf

the closure error. Nevertheless, for control nekspoclosure errors should not be greater ther2+{0+

10 ppm) for primary horizontal control and +(0.5 m100ppm) for secondary stations to meet the
requirements in 2.1.2.

When errors are greater than a traverse toleréimees are methods available to assist in locatiegetror
source. For example, when an angle closure esraieiected the grid bearing of the suspect side is
calculated from all components of the co-ordinddsure error. However, if there is a large anglere

the angles should not be adjusted, on calculatiagraverse in both directions, only at the affégieint

will the co-ordinate values roughly match.

When a network is accurately adjusted by least regufrom provisional co-ordinates, the process
enables, from the variance-covariance matrix, tileutation of adjusted co-ordinate errors. A samil
calculation in a traverse may not be so clear sowcerdinate closure errors are more general. uth s
cases, the mid points may be permitted to haverran i the order of half the closure error, desieg
towards each end.
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Traverse calculations in plane co-ordinates arg génple. The initial grid bearing is obtained rfro
increases iMAE, AN. Two control points whose co-ordinates are knianvadvance are representedPas

andQ in Fig. 6. Then:

-E AE
tg BPQ = |\E]Q - NP = ANPQ
Q P PQ

whereA Epg andA Npq Signs (+/-) also define the quadrant.

If true azimuth referred to true north, rather tigaid north as the referred available orientatiwith grid
declinationy (the definition of which is given in Annex A), thbe should be taken into account. From
this point forward only plane orientations (gridabeg) will be considered. Moreover, if a Transeers
Mercator projection is used, it is assumed thatemions to observations (distances and directiéors)
the plane of representation have been made acgamlgpecifications in 2.2.5.

I.N o
A
f /AN
Loy X )
B i | g | g}
AN ]
P AT e

TH = Trae Mo
GN = Grid Merh [ = panaliel io N Auds)

Fig. 6.6

Returning to computing a traverse, the grid azinaftthe first side is obtained by simply adding tinst
angle:

BPl - BPQ + aO
B, = B, +a, +18C°

And using the following general form of bearingnséer:
The sign+ is used in case the previous additiBp,(+ a,) is below 180° and the sigrwhen it is above.
The latter is the most common case.
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Increases in co-ordinates are obtained with theesgons for converting polar co-ordinates into
plane co-ordinates:

AN = ScosB
AE =SsinB

It should be remembered that, in the cases of sirtqaverses, before making such conversions, it is
normal to adjust an angle by distributing the cteserror if it is below the given tolerance levéh more
complex traverses, network calculations may be lsapgnted with the algorithms related to intersexgio

or resections according to descriptions in 2.2.d4 ar2.5. Adjustment requirements mentioned above
should also be considered.

As regards adjustments, their respective methotsat be developed further, since such procesees a
expected to be developed at the NHO where apptesaitware is available. It should be remembered,
however, that good results may be achieved oryefdata is checked in the field to ensure thatwk®
errors or the calculation of point co-ordinatesriear out by different methods show an acceptable
consistency with the above specifications.

A simple traverse is deemed to be fully closed #tarts from a pair of control points and endaraither
pair. There are then three possible closure emaidable: one angle closure error and two abrates
closure errors. This case is illustrated at thedbFig. 6.7; it allows an initial angular adjugtint and a
subsequent distribution of the differences in cdhmates. There is a special case of a simple dlose
traverse which makes a circuit, starting and endinthe same point. Even though it may be properly
checked as detailed above, it is not advisablemnalgct such methods for the reasons set out ib 2.1.

A simple traverse is termed half closed when actiiva to another control point has not been measure
from the final point; this means that no known anghecking or its corresponding adjustment is
permissible. Nevertheless, if co-ordinate closem®rs are acceptable, a similar distribution ashim
previous case may be carried out as illustratéddrsecond case of Fig. 6.7.

A simple traverse is deemed to be precariouslyedaghen, although it starts and ends at contraitpoi
there is no final measured direction with an oaéioh. The only check is to confirm that the meeadu
distance between the control points P and R gesterimom the traverse is fairly consistent with the
distance calculated from their known co-ordinatiéss illustrated in the third case in Fig. 6.7. The
simplest way of calculating the distance is by mvit an arbitrary or approximate orientation foet
initial calculation and by then rotating the origin and adjusting the length according to theetéhces

to the end point.
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Fig. 6.7

A simple traverse is deemed to be an open, noed|osr hanging traverse only if it starts from kmow
points but ends at new unknown marks, thus no cdogerification or adjustment can be made; thisois

a recommended configuration. When it is the ofgice, extreme caution should be exercised and the
temporary nature of subsequent results shoulddaelglstated.

Traverses are closely associated with trigpnomégnielling operations. These consist of a series o
measurements taken to determine differences irmgbms by vertical angles. (See 4.2 at Chapter 2)

The most precise way of obtaining a trigopnometiifetence of elevation consists in measuring thredi
distance between the points and the vertical amgl@procally and simultaneously from both stations

o _
AHy, =102 7% 4 pgig B9
2 2 2
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where (see Fig. 6.8):

i1 = theodolite height above bench mark in point 1;

S = signal (target) height above bench mark in pbijn

i, = theodolite and signal heights above bench rimapoint 2;
D = slant and elevated distance (see Fig. 6.5);

AH., = difference of elevations between benchmarksdlLza

The elevation anglestf are positive when they are above the horizonthay are negative when below
the horizon. In Fig. 6.8, is the positive angle ara is the negative angle. It is necessary for bothet
simultaneously measured in order for a correctsadjant of ray curvature, which changes throughoeit t
day.
A trigonometric difference of elevation obtaineddenthese conditions may have an error of

+0.01 m-K

whereK is the distance expressed in kilometres, whi@nisrror of 1 cm/Km.

If slant distanceld) has not been measured and ground distance retlutieel reference level, commonly
the mean sea level, is available, which is the cas$gangulation or intersection (see Fig. 5), themula

to be applied is:
AH12 — L +S _b ';Sz +S(1+ Hénjtg(al_azj

2

2

Fig. 6.8
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If the elevation angle is known only at point 1e formulae to be applied are:

-k,

AH,, =i, —s, +Dsina, +

(1-k)
2R

AH, =i, -, +5(1+H—F:njtga1+ s

In the last three formula® is the terrestrial mean radius, in principle 68, but a more correct value
relative to latitude and azimuth may be used ferabopted spheroid. The same is valid for the déam
above to transfdd to S (See Fig.6.5)

D2-AH?2
(1+ Hlj(l+ HZ]
R R

_H,+H,
2

S=

Hm
Hm is the mean elevation

If only H; is available, it may be calculated as:

AH,,

H, =H,+

m

WhereAH 1, is obtained by an iterative process which imprabhesvalueH..
Coefficientk has the above stated meaning and it can be coedittehave a value of:
k=0.13+0.05
then the error of a non-reciprocal trigonometriedience of elevation may be:
+(0.01 m K + 0.004 m K2)

The use of trigonometric levelling is ideal both feducing the sides due to differences of elenatand
height and for other altimetric requirements toreeene possible accuracies.

2.2.4 Intersection and Resection

The most general form of intersection is when diogrs are observed from two control points into a
mark, whose co-ordinates are required. Directiorarientation mean that directions are measureuh fr
the same stations to other known points, it theimgogossible to obtain the grid bearings of both
directions. In some very special cases thesesrermmic or gyroscopic orientations; in such cases
required to go from the true azimuth to the gridrireg by applying the grid declination shownyas
Fig. 6.6.
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Fig. 6.9

Fig. 6.9 shows a typical intersection exampleshibuld be made clear that in some cases, espeitially
short distances, reciprocal directions between knpwints (R - P,; P, - P,) are used as the origin of
plane orientations (BB,) to the point intended to be determined (P).

Besides grid bearing errors arising mainly fromwagerrors, distances {P P ; B - P) and the angle
between these directions, which is equal to thtedihce (B - B,), contribute to the errors in the co-
ordinates of P. The simplest rule is that the arsfflould range between 30° and 150°. The are&ifor t
condition is shaded in Fig. 6.9 and correspondbiédimits of two circles centred at O and O' whirke
obtained as the vertices of two equilateral triaaglith a common sidgP.

Outside this area, errors largely increase to r@adtermination for B- B, when equal to O° or 180°.

Another intersection case is shown when distancesneeasured fromPand B to the point to be
determined (P). These distances, (8) define two symmetrical solutions as regards &is P.. To
solve this ambiguity it must be known if P is or teft side of Pto B (this is the case in the figure), or
on the right side (a symmetrical case). An altgveasolution is to note, when seen from P, whilhie
known point on the right or on the left (in the ea@s Figure 6.9, P is on the right and,Pn the left).

Algorithms to make corrections to the plane andawbthe co-ordinates of P, taking into account the
cases stated, are shown in 2.2.5.
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In cases of intersection, directions (straightd)ner distances (arcs), the best solutions ardéraatavhen
the crossing angle (B By) tends to 90°. In these cases the error elliprds to be a circle. Strictly
speaking, taking into account that errors in meadutirections and distances increase their inflaenc
with distance and such ideal solutions slightlyfedifrom the 90° rule, its use, however, is a goay to
quickly examining the suitability of the set up.

The most common resection case is when three kiwowtnol points are observed from a new point, as in
Fig. 6.10. This case is usually known as Poth&maHius resection.

In this case, indetermination occurs when the aifemence of a circle passes through the three known
points. The same angles, 3) to the control points can be measured to angtgocated on that line. It

is relatively easy to avoid this situation by pilagton a chart the known control points and seditigey

lie on a circle centred on the unknown point. Amotmethod is to check the addition:

a+B+w
If it is near 180° such situation must be avoided.

The algorithm to solve this case, including cormew to compute on the projection plane, is shown i
2.2.5.

Resections have been very frequently used by hydpbgrs, both in topographic surveying by theodolit
and hydrographic surveying by sextant. The adggnbeing that it was only necessary to put sigoals
the control points, the surveyor then being freeaimy out his tasks without the assistance fronoges

Fig. 6.10
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It is possible to present multiple resections asegaly given in Fig. 6.11.

P2 Pa Pa Py
=]
Pf
i = : -
p g e L

Fig. 6.11

That is from new points P, P', P", P", ... diil@t$ to known points P1, P2 ... P6 are seen. ¢h sases it
should be noted that in the first and last poitw& known control points are seen; at the intermtedi
points, besides reciprocal directions, a sightrte of those known points is sufficient.

Where there are only 2 new points and 4 contrahgaire seen, it is known as Marek solution. Ilfyon
the two control points seen from two new points @sed, it is called Hansen solution. These pasrcul
cases are illustrated in Fig. 6.12.

Fy

P
W
.'

o

F
B,
Pa Pa MAREK Fy
r’
Fig. 6.12

Even though these multiple resection cases maysbd whenever required, they are not recommended
due to their limited opportunities for checking. sAnple solution to apply is by incorporating adzhal
sights to provide redundancy and the opportunitgheck.
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Therefore more than three directions to known ogfitould be seen from every new point, or that new
points will be interconnected by reciprocal lindssmght, as shown in Fig. 6.13; even though every n
point is determined by directions to three knowrinfm reciprocal lines of sight between new points

include them in calculations of adjacent points.

F2 Pz

A4

<
Fig. 6.1%

Configurations originally close to indeterminaticen be improved in this way.

Solutions of this kind require some type of adjustin whether rigorously by least squares or byitee
average of several positive solutions by tryinggtee more strength to cases further away from the

situation of indetermination.
2.2.5 Usual Algorithms

a) Corrections to projection plari&ee ANNEX A)

One of the processes to be conducted for calcaktwith rectilinear figures on the

representation plane to be correct is related ® dbrrections that must be applied to
measured observations (distances and directiamghid section we shall deal with the Gauss
Kriiger projection, also known as Transverse Mercattich is often used for topographic
calculations.

ANNEX A deals with the nature of this projectionr foases of "tangent cylinder", that is
those in which distance deformation starts on #drgral meridian:

wherex is the east co-ordinate referred to the centraldiam:
X=E-X

when a false easting valXg is used.
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If this coefficient is applied between two pointardd 2 (not infinitely near) a relationship:

S Xt
S 6R?

is obtained. It should be noted that if a poinbisone side of the central meridian and the
other point on the other side, the prodxict % will be negative.

Also thatR (mean terrestrial radius) must be calculated feamlatitude of the working area
and the representation system includes a coeffi¢ienin order to contract distances over the
central meridian, as in the case of UTM representgivhere K = 0.9996, see ANNEX A).
The coefficient for reducing distances (to obtdie plane value by multiplying it by the
geodetic value over the spheroid) must be affeoyeithe same value:

or

S [ga XXX
S 6R2

6R?

Measured directions also require the applicatiom @brrection. This need arises from the
fact that geodetic lines (on the spheroid) on bé&iagsferred to the plane, are represented by
a slight concavity towards the central meridian.

2 2
S= |<(1+X1 hhals Lk js

CENTRAL MERIDIAN

Fig. 6.14
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Fig. 6.14 shows such curvature and the correctidrish should be applied to pass from the
arc, corresponding to the geodetic line, to thelcoorresponding to the side of a rectilinear
figure on the plane. On accepting the correctign & pass from the arc to the cord, we may
see that:

(6.-8)= 2 (1 +x)(N, - N)

since absolute value addition for such correctionsst be equivalent to the quadrilateral
spherical excess the surface of which is 1/2Hx;) (N, - N;) andp" is the typical constant
to pass from radians to sexagesimal secopitts 06265").

As arc curvature increases withvalues, naturally th& of the known station point carries
more weight than that of the observed point. Then:

8= 2 (ox -,

5=

sre (2t XN = Ny)

and the difference between them leads to thedkgtession&; - 8,).

In general terms, if there is a need to reduceiassef directions to points Pi measured from
a point Po, the corrections (along with their sigre:

(2% + % )N, = N;)

It should be noted that westward of the centralidimm X values are negative; thus the
correction sign generating a change in concavityaisomatically modified. On the
assumption that the direction between the knowtiostaand the observed point are on
different sides of the meridian, the change inxh&gn will decrease thd value. This is
logical since the geodetic line will have a curvatunversion in order to keep above
concavity.

5=F
6R?

For calculations of corrections for both distaneesl directions, it is normal to make a
preliminary calculation of the mark’s co-ordinatesd ignore any deformations. Corrections
are estimated using these provisional co-ordiretésthen the final calculation is undertaken.
In some cases provisional co-ordinates are useadjoistment; however this will not be dealt
with further.
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b) Intersection of Directions.

Fig. 6.15

Figure 6.15 shows an intersection of two directiaisvhich the grid bearings;End B are
known. It may be the case that they have beenrmutdrom line of sight observations 1 — 2

and 2 - 1.

There are several solutions and software to stigegproblem. One of them is:

[(Nl _ Nz)SinBz —(E - Ez)COSBz]

N=R+ sin(B, - B,) cosh,
__ [(N,=N,)sinB, - (E, - E,)cosB,] .
E=E+ sin(Bl—Bz) sinB,
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c) Intersection of Distances

N A

» E

Fig. 6.16

This case is illustrated in Fig. 6.16, it has twatlhematical solutions; therefore it is important
to make it clear whether point P is on the lefig(ik the case in the figure), or on the right of

line 1-2.

One solution is by applying the following calcutats:

S, = +\/(N2 - Nl)2 + (Ez - E1)2

1. _S-8
'2(5” S, j

_1fg S-S
=15+ 55|

h=+/S?-a? =,/SZ -b?
N =N, +acosB,, ¥ hsinB,,
E =E +asinB,, +hcosB,,
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The lower sign is for the case when P is on thedil-2 and the upper sign is when it is

the right.

d) Resection

As stated in 2.2. above a resection occurs when directions or aragle measure

from a point, the calculation of which is requirad, three known control points. Tt
situation, as well as nomenclature to be appligtiénalgorithm, is shown in Fig. 6..

Before proceeding, it should be noted that there are mgraphical, numerical ar
mechanical solutions with which to obtain the stagboint position

Fig. 6.17

» E

With such numerical solutions it is essential thatethod is available to detect cases cto

indetermination as indicated in Fig.6.

Fig. 6.18
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The use of two auxiliary points 1 and 2 constitine base for the algorithm, proposed bel
is shown in Fig. 6.18.

The formulae to calculate the-ordinates for these pointan be obtained simply fro
When points 1 and 2 are too close to each othereffample less than a tenth of distar

N, =N, - (Eo - EA)COtga
E =B+ (No - NA)COtga
N, = Ng _(EB - EO)COtg/B
E,=Fg +(NB - NO)COtgﬂ

AO or OB) it can be assumed that the network iseko indeterminatio

Calculation for N and E «ordinates of point P can be achieved by:

— —=

- —
N = N, +10.cos.(12 - 10).cos 12

J— — — . =
E = E, +10.cos.(12 - 10).sin 12

Where

1__0: The distance from 1to 0 = v (Ng - N1)? + (Eo - E4)?
—»>
12 = Grid bearing from 1to 2 [tg 12 = (E; - E4) / (N2 - N4)]

_>
10 = Grid bearing from 1 to 0 [tg 10 = (Eo -E+) / (No - N4)]

When calculating orientations ( 1_5 1—& ) it is necessary for quadrants to be
discriminated with signs AE and AN. For this purpose you may make use of
the usual subroutines to pass from plane coordinates to polar coordinates.

Another way of solving the last part of the calculation is to obtain the
coordinates of P such as the perpendicular base from 0 to segment 12 making
use of the subroutines available in Computer-Assisted Design (CAD)
programmes

Some checking calculations may be established though the most complete
method is to calculate grid bearings from P to the known points (A, O, B) and

then check
o= 55 PA

B= PB - PO
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2.2.6 Levelling and its Errors

Trigonometric levelling and the possible errorséndeen discussed in 2.2.3 (traverse). It shoulublbed
that in the case of intersections a similar operatian be undertaken with the algorithms and theltant
calculations. It is also be possible to apply thfan surveys using polar co-ordinates or EODM
tachymetry, when it is particularly useful to hawal stations which store (horizontal and vertital
ranges and directions to surveyed points. On girg such information and when ranges over 100 m
are used, it is important to verify that the softevapplication includes corrections for refractaomd earth
curvatures.

Direct levelling (with spirit or self aligning lel® is generally more precise. In the case of géod
levelling, which requires the use of levels of feéglsensitivity and stadia graduated on INVAR plgtes
alloy of nickel and steel with a coefficient of exysion below 1 x 10 1/°C) and other precautionary
measures, error propagation may be below:

1 mmvK

whereK is the track distance expressed in Km.

If common topographic levels, wooden or plasticticeetre-graduated stadia with joints or couplingd a
instrument-stadia distances below 100 m, with @qtédt stations (within 3 m), are used, you magiatt
accuracies of the order of:

7mm/K

for which it is assumed that every section betweench marks is measured in both directions with a
tolerance of the order of:

+3mm/K (geodetic) anct 10mm/k (topographic)

for both cases, without bias to any intermediateva@n less accurate solution which may be adopted.

In hydrographic surveying, the highest accuraciesrequired to tie-in permanent tide stations fotd
by temporary tide stations, which are generallptdghed during the survey, the calculation of lsver
harbour facilities and standards for engineeringke@ssociated with water behaviour.

In an extensive hydrographic survey (more than &) with no available local levelling datums, it is
expedient to provide, as a minimum, a direct lenglline to which the tide stations can be relaaed
leave a reference mark from which future trigonatodévelling can be conducted. When applying ¢hes
provisions, the specifications in 2.1.6 should lmmsidered and an analysis of the stability of the
relationship of the tide station and mean sea $eigahecessary.

When using satellite methods (GNSS) for altimegpticposes, the provisions in 2.1.6 and Chapter @ nee
to be noted particularly the requirement for mddglicorrections to pass from heights above thersgjthe

to values associated with sea level used in hydpdgc surveys. Regardless of preset correction
diagrams that may exist, it is necessary to adhesn to altimetric points as described in 2.2.tluding

the provisions in Fig. 1, in connection with théat®nship between altimetric marks. In other dsr
use of GNSS techniques for altimetric purposes Ishbe limited to point interpolation rather than
extrapolation. This concept is likely to evolvetive future but in 2004 there remains no likelihafd
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confidence in general correction models and stislin places where there is no guarantee that loca
observations have been carried out to create them.

2.3 Coastal and Harbour Ground Surveys
2.3.1 Application of Direct Topographic Methods

In general, coastal surveys which are a part ofrdydphic surveys are mostly carried out by
photogrammetry or other remote-sensing procesdessuch cases the surveyor's main task, when
processing information, consists of obtaining approinterpretation of coastal features, that coeestl
delimitation poses no difficulty and that data &l ground control points are adequately providel.
must also ensure that aids to navigation signalissaations have their horizontal and vertical posg
properly determined.

However, there are cases in which all this inforamaimust be obtained by direct topographic survey
methods, i.e. by field observations and measuresnemhese cases are generally related to the weed t
represent certain areas on large scales (1:50200Q,; 1:1000 ...). This often occurs in areas wileere

is a port infrastructure or where a harbour prejriding, water intake or other engineering waaks
being carried out or extended to occupy the intitzone and extending into the near shore strip.

The limited extent of such places as well as thpired high degree of detail may require that such
surveys are carried out by topographic measurenethe field.

2.3.2 Density of points to be surveyed

Firstly the required degree of detail must be disfladbd. The usual method is to set a scale acugti
the essential representational needs of the firmyzt, in order to properly obtain the shape ityrbe
necessary to survey a point every square centimbdtegertheless such a distribution shall not nemély
be strictly homogeneous. Priority should be gitesites where there is a significant change ipeslor
where there are outstanding characteristics:odk#, holes, saddles, ridges, talwegs, etc.

Generally the survey of points on near-perpendiclies to the shoreline provides much more useful
information for good representation of shape thanather type of distribution.

For details which must be surveyed to allow repregt@n of natural or artificial features, moreless
independently of relief, the quantity of points slibbe adequate enough to be able to plot therheat t
intended scale, straight sections probably onlyirecthe surveying of turning points and if orthagg
simplification may be greater still.

2.3.3 Applicable Methods

Satellite techniques (GNSS) are ideal for surveygizontal positions. If they are intended to be
extended to planimetric and altimetric positiortsg provisions detailed in 2.2.1 should be observed.
Generally the process is more advantageous wheddhsity of the points to be surveyed is low (i.e.
more than 50 or 100 m between them for scales ®H0D, 1:10000, etc.). Ground-permitting, this
process may be achieved by placing the rover stdatioa vehicle. The opportunity of processing
information in a fully automated manner would rdpidnhprove the achievement of results.

EODM tachymetry is a particularly appropriate mettior cases where, from a few stations, points with

distances of 1000 m and above may be surveyed.ofuséal stations with its capacity to store dmtes,
directions (horizontal and vertical), attributes cfurveyed points, etc., makes it possible to dwick
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process the information and generate the apprepsatvey sheets which can be completed with
additional data if required.

Stadia method tachymetry is ideally suitable foesiwhere the survey of a large number of pointg ve
close to each other (50, 20, 10 m) is requiredektively short distances (below 200 m) from every
station. Reading of graticule lines is made oregalty centimetre-graduated stadia.

Ground distance is obtained &m, whereK is the stadia constant, usually 100, ama''is the
difference of stadia line readings. If an elevatamglea has been measured, the horizontal equipment
ground distance to the stadia is:

K« mcos2a

and the relative elevation to the surveyed poiniaés
AH, =i, -S,+K Din[—]é—sinZa1

wherei,, S; anda,; have the meanings given in 2.2.3 for trigonomégaielling.

In the case of lines with too great an inclineighs (o > 10°), this method is not recommended for height
transfer since the distance error (of the orde¥d).2nd the sight’s probable lack of verticalityrodtuce
considerable altimetric errors (this is less fregue EODM tachymetry).

With special stadia having divisions of 5 cm orchd, the survey ranges may extend to 500 m and above
although it is not advisable in the case of linéhwoo great an incline of sight for the aboves@ss.

All these procedures allow calculation, from theowab formulae, of the 3 horizontal and vertical co-
ordinates of the mark. In some cases these coatali and orientations may be obtained by resection
complemented with inverse trigopnometric levellibgsed on the adequacy of the formulae given ir32.2.

In flat areas direct levelling is a simple and jsecmethod of surveying. If necessary stadimetric
distances (K.m) may also be used as well as haakdirections which may be measured by some other
instruments.

In relatively flat locations, for constructions Wwisome orthogonal shapes measurement of perpeadicul
distances may be made using tapes and an opticatesq Simple though it may be, it proves to be a
useful method to be applied in some places sudwdlss, piers, moorings and other port buildinghisT
type of survey is usually be complemented with aitevelling in order to determine platform or ftoo
elevations.

2.3.4 Relief Representation

Although the trend is to generate databases whiolige a variety of applications for information
through a Geographic Information System (GIS), ying the availability of a Digital Terrain Model
(DTM), planimetric and altimetric measurements feguently requested to be represented by contour
lines. For this purpose, selection of a contoteriral should be made at not less than four tirhes t
estimated error of elevations.
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An alternative method of selecting the contourrivaibis by scales. In the case of very broken gdou
the scale denominator thousandth part may be meshsumetres (example: 5 m for 1:5000), but in the
case of flat and featureless terrain, the valugsdearease to a tenth part (0.5 m in the formemgia).

Both criteria should be harmonised and basicalig, survey purpose as well as relief fluctuationhia
area should be taken into account.

Several software packages are available for drasdmgour lines from discreetly surveyed points.mgo
of them have proved to be very capable but it ipedient to adjust their drawing algorithms by
incorporating some interpretation rules for théefdbefore the final version.

Fig. 6.19 shows how drainage lines tend to streescbntour line curvature while ridges tending to
separate the water movement on the surface aréegenthese trends generally undergo changes and
contours collectively representing the relief mkestp some agreement.

The concepts mentioned above are valid for appdicain ground shape; however, not all of them are
valid for seafloor application.

¢:,,:_\;s:t‘.'-

Q
g
E
-
)

Fig. 6.19

With some geomorphological knowledge, the critariay be generally improved for a better relief
interpretation.

3. REMOTE SENSING
Some techniques for obtaining information througmote sensors, which capture the ground radiation,
will be described in this section. This informaitis stored and then processed, thus generatirygio

that provide topographic data.

If ground radiations originate from the reflectenlas energy, sensors are called passive; if they ar
generated from reflected emission of devices aatetiwith the sensor, sensors are called active.

The range of frequencies and wavelengths of eleagmetic waves for remote sensing is shown in Table
6.4:
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Table 6.4
NAME FREQUENCY (H2) WAVELENGHT (m)

Microwaves 3 x 1Bto 3 x 16* 10*to 10°

Thermal Infrared 3 x 16 to 3 x 107 10° to 10°

Medium and near infrared 4,3 x40to 3 x 16° 0.7 x 1P to 10°
4.6 x 1¢ Red 0.65 x 10
Visible Light

5.4 x 16 Green 0.55 x 10

6.6 x 16 Blue 0.45 x f0

Ultra Violet 3x10° to 3x106° | 10" a 10°

Radio waves have the lowest frequency whilst x, ganand cosmic rays have the highest. They also
have other applications.

Among the passive sensors uses, which use vidiih fadiations and their close proximities, is the
Photogrammetry. Since this technique began tgppéeal with light sensitive films, it has been used
hydrographic surveying since the beginning of ththZentury, it remains one of the most efficiealys

of obtaining good information of the relief, esgdlyi for large scales (1:20000, 1:10000, 1:5009, ..

From the 1970s and more intensively from the 1988s0te sensing applications were extended from
active and passive airborne and satellites sensarther imagery processes. Satellite methods have
generally the same capacity as photogrammetrydargtbund shape interpretation. However, they have
additional capabilities for detecting the surfacegerties of soil and water covered areas. They alfer
impressive updating capabilities, frequently aatigkly low costs.

In photogrammetry, as well in other imagery proeesst is necessary to undertake ground control
operations in order to achieve correct scale resritl obtain good referenced positions. Groundrabnt
consists of locating, in the field, identifiableipts based on the information provided by the senso

3.1 Photogrammetry(See 3.4 at Chapter 2)

Strictly speaking, photogrammetry is the technitius allows objects to be described in three dinogiss
from overlapped photographic images, taken fromaaadjt places. For hydrographic surveys, aerial
photography with vertical axis through a metric eaais more useful.

3D description is achieved by stereoscopic viewdhgirtual models and the measurements are taken
with the use of specific instruments to achieveogypphic representation. Of course, this technique
requires ground control points obtained via fie@dgraphic methods or densification through anaheri
photogrammetric process, also called aerotrianigulat

There are other products which are not 3D but neagdnsidered to be part of photogrammetry. Among

these are photo-plots, which can be obtained bylsimssembling photographic images adjusted by
rectification (scale and inclination).
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3.1.1 Principles and applications of aerial photagphs

The objective of aerial photographs is to providéoimation to obtain true ground representation
including relief. This can be done through phoamgmetric restitution or stereo compilation.
Nevertheless, as previously stated in the concephatogrammetry, there are other 2 D products whic

can be obtained from aerial photographs.
PHOTOGRAPH

Cal FOCAL PLANE
\ AT ¥ F)
T !

N N |
OBJECTIVE LENS

H

A ‘8 GROUND
Wﬂﬁlﬂﬁ:‘ A AT
SURFACE

Fig. 6.20

To explain this it is necessary to take into actdbe basic expression for the aerial photograplesc

AB H
Where the ratio among the focal lendthnd the flight altitudeéd is directly related to the image scale
(see Fig. 6.20 for a camera with vertical axis).

g AB_

Although objective lenses might be considered esrdared optical system with two nodes, the schame i
simplified with only one optical centre similar #thin lens. That simplification is enough for the
approximate calculation of the flight scale. Sk @hat, as H>>f, it is assumed that the imadersed

in the focal plane.

A change in the flight height causes a change ates@ lack of verticality in the camera axis proeia
change in the scale in different points of the aand-or example, a rectangle ABCD on the ground ca
be represented as a trapezium A'B'C’D” on the pinaphic image where the scale of segments A'B” is
shorter than in C'D” (See Fig.6.21).
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Fig. 6.21

Moreover, if there are features in the relief wsignificant vertical characteristics, the scaleddtices
other changes on each photograph. This can onkedmved by a 3D treatment like restitution.
adjustment of the change in the flight height ameldxis orientation is possible by rectificatiorotigh a
2D photographic process. Note that this adjustrizeomly possible on flat surfac

Special devices can fulfil the process of rectiima mentioned above by using rectifiers provided wit
camera, which project the image onto a board. Jéteallows a series of combined movements w
enables the projected image to change and to iectlopes according to focusing conditions.
currentway to rectify is by making the projection of fomell-distributed points coincide with their w-
marked locations, as in Fig. 6.21. There are atpaivalent 2D numerical procedures for solving
problem.

IMAGE

OBJECTIVE LENS

Fig. 6.22

The limits for these processeest with the image of a point with a certairfadiénce in elevation relati
to the surrounding area, which experiences a petispeoffset on the image (see Fig 6.22). Notd,
apart from the difference in elevatiAH (Delta H), the distance ofhe elevated point from the cam
vertical axis increases the offset, in other wopasnts near the vertical axis of the camera dodigglay
significant offset effects.

An alternative way to generate photographic imdges from this effect is toombine the photograph
process with the 3D treatment, the product is daskehophotograph
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The best way to present ground photographic imagedrough an orthophotomosaic, which is an
assembly of images forming a uniform-scale mosdise next in quality is the rectified mosaic ad@ast
as mentioned; the coarsest method is by assemiimg photographic images and accepting an
approximate scale as a function of the averagbtfhigight.

The type of photo-plot should always be specifiedtsat caution can be exercised with respect to the
validity of the product metric.

3.1.2  Aerial photograph acquisition elements

Extraterrestrial solar radiation has a maximum eamg wavelengths from 0.4 micrometers to 0.8
micrometers (1 micrometer= @), which is between infrared and blue (see Tab#. &he radiation
changes when passing through the atmosphere, theeflection also impacts on the light spectrum
received by the camera. Thus, the film and thelgomumust be carefully selected.

Among the black and white films (scale or tintsgoys) orthochromatic emulsions are especiallyulsef
between 0.4 and 0.55 micrometers, panchromatic deéseen 0.3 and 0.65 micrometers, with an
additional increase in wavelengths of 0.6 and G@&aometers. The most useful in aerial photogranmmet
is the panchromatic emulsion. There are sevep@styof three layer colour films, but they are more
useful for photo interpretation, described latef @), than for photogrammetry.

There are a series of specifications regarding ifenspeed, resolving power, granularity and base
stability which must be determined in order to awhithe best result in the prevailing conditionsneet
the needs for the final product. The objective filteks to be used should be addressed in theysisal

The objective lens is composed of an optical systdmre a good distortion correction is particularly
required.

The image format commonly used is 23 cm x 23 cni whe focal distances (f) (see 3.1.1) detailed in
Table 6.5:

Table 6.5
Camera Type f (mm)
Super Wide Angle 85
Wide Angle 153
Intermediate angle 210
Normal Angle 305
Narrow Angle 610

Cameras with a shorter focal distance (f) requibetéer distortion rectification whilst the imaga® also
more affected by atmospheric refraction. The Widegle is the most commonly used type of camera.

For photogrammetric purposes, an aerial camera iageé a good determination of f, a rigorous
correction of the distortion or other optical andceamanical conditions which can be checked by
calibration. The camera is termed a metric canfetfaese conditions have been met. These cameras
have an accurate system for ensuring verticalitthefaxis and assure the flatness of the film. yTdiso
have a proper dwell time control and allow an cygping control between consecutive photographs (end
lap), etc.
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Although digital cameras generally enable high iquainages for photographs, their development e u
in photogrammetry is advancing rapidly but prese(@D04) only non metric cameras are available.

An important component for aerial photography ie #erial survey platform. Criteria include suitabl
space for the camera and its attachments, havieisnffendurance, are able to operate at the redjuir
flight heights and required speeds, satisfy petitnissibration limits, etc.

Among other requirements it must have GNSS positppnoften with a differential capacity, a
requirement for positioning synchronisation withe titamera and multiple antennas for platform
inclination checking.

3.1.3 Flight planning

Initially it is necessary to define the flight seameaning the scale of the camera, which, asststated
in 3.1.2, has a format of 23cmx23cm. If the typeamera is defined, the scale also determinefitfe
height H=f/S (see 3.1.1 Fig. 6.20).

Although the scale may be enlarged five times ttaiobgood photogrammetric products to meet the
hydrographic requirements, the analysis of theiredualtimetry accuracy should be conducted. disth

be noted that the deviation of the elevation olgiby restitution reaches 200ppmxH (200 parts per
million of the flight height=H/5000). Sometimedjis can make it unachievable and the altimetry
requirements must be met by other means.

Having defined the flight scale, flight strips mi studied. In the simplest situations, the @dsind
can be covered by a set of rectilinear strips Fge6.23)
- / ¥

e y
// : 4
f"{ﬁ"ﬁ". /
= ____---"" o STLNE . 2 .
— ,__,.o-'"—'-

—,_-._.-r’""’ /

“ -o-""'"'fﬂfﬂ-

o

—

Fig. 6.23

When coastal features are extensive, wider inshoreeys are required. In this case, blocks of re¢ve
strips must be planned (see Fig. 6.24).

Additionally end and side overlaps must be planmgaerally, the end overlap is of 60% and the side
overlap of 20%. When orthophotographs are requised 3.1.1) or when ground features are so uneven
that there is a possibility in gaps leaving somd péthe information without stereoscopy, it mag b
necessary to enlarge the overlapping.
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LN VS

(

Fig. 6.24

The sun’s altitude and angle during the flight ddobe considered, particularly in higher latitudes
($>50°) in wintertime.

To ensure that shadows do not interfere or impacintage quality, the sun altitude angle should be
greater than 30°. The more uneven and clutteredytbund, the greater the elevation angle should be
The flight time may be limited by the time of theay and the latitude.

An additional limit for hydrographic surveys is ththe flights should take place near low waterltova
detection of features and dangers close to thalfore in the inter-tidal zone.

The sky must be free of clouds below the flightgheéiwhilst many other meteorological conditions mus
be satisfied during the operation. All these latiins combine to make flight times longer and piag
more complex.

The ground control and its densification by aesastgulation must be considered when planning the
flight. This provision is necessary to allow thgportunity of performing field tasks during the wey
group’s presents in the area.

The end overlap produces coverage as detailedgin6i25. If the overlap is of 60% or more thera s
zone of 20% or more of triple overlap.
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Fig. 6.25
In this zone, like in the side overlap (see figd§, aerotriangulation can be carried
3.1.4 Restitution
The photogrammetric techniquestitution is the basic process in the 3D treatneérihe topographic:
information, generally aerial images are used.tiié¢i®n is carried on the optical, mechanical, lgheal

or digital adjoining photogram projection in theeohap zone, which alws stereoscopy observati

In any version it is necessary to determine thatired and the absolute orientation of the modelctv
replicates that part of the ground being surve

A pair of photographs is oriented by intersecting fpairs of homolgous rays corresponding to fi
ground points. This process is achieved by rengptheir parallaxes through motion projectors orab
equivalent digital process.

Prior knowledge of the cordinates of the selected points is not requiremydver it isexpedient to
choose them from the end overlap zone (see Fi§).

® o
(6}

@ e
Fig. 6.26

C-13



341

Having done this, 8D model is created, even though neither its pmsitn the reference frame nor
scale has been defined. In other words, only &ivel position ofthe photographs coincident with t
cameras during the flight in an unknown scale aafeérence frame. It is possible to obse
stereoscopically the entire model whilst holding tibserved images locati

To assign a scale to this model and to ex| it in a reference frame compatible with the sunatyleast
3D positions of two points (for example 1 and 2niré&ig.6.27) and the height of a third one mus
known. However it is better to know the three-ordinates of 1, 2, 3 and 4, which allowsme
verification.

X1 3X

X2 4X

Fig. 6.27

Of course, this adjustment can be undertaken iareogical way, by optical or mechanical mean
numerically by analytical or digital stereo plo#.

With the models absolutely oriented, it is possibl®btain a topo@phic representation of the relief ¢
description of features or infrastructures. Thetoar lines can be traced by analogical or digitalns.
In the latter case, it is possible to make a Digitarrain Model (DTM) with a convenient density
stored points.

To obtain digital copies of the information, at ggat the simplest way is to scan aerial photogr
through highresolution scanners; however in the future, it Wwél available with information taken frc
digital cameras as mentioned at end of 3.1.1.

3.1.5 Aerotriangulation

As has been described in 3.1.4, for the absolueni@tion of a stereoscopic model in restitutidns
necessary to know the three set-ordinates of four points distributed as in Fig.6.2ithough ir
principle the three sets of avdinates of 2 points and the vertical of a thioihp may be sufficien

To achieve such control, whilst minimizing field o an internal process has been developel
photogrammetry: aerotriangulati

The first process inthis technique consists in providing the ground temnfor the first model
determining its absolute orientation and then, ipgs® the second model adding a third imaHaving
completed all the movements in the third image qutipn, without modifyng the previous during tt
process for the second model's relative orientatibmvill be clear that absolute orientation ha®ib
transferred.
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It is possible to repeat the process detailed alioweever deformations could appear. Apart froer
devidion, the effects due to terrestrial curvature egfcaction of light rays must be considered. Fus
reason it is necessary to adjust the strip by adgiound control point

Fig. 6.28

A strip with four start control points, four closentrol foints and two intermediate pairs is shown in
6.28 (also see Fig. 6.23). The intermediate @imild be present in six models in order to sudaokbg:
solve for deformations and propagation of the dewie

Both control points and tie points, tcold the restitution, must be present in the zonetripfie
superposition and when necessary with the siddayv

Although the described distribution correspondsitalogical aerotriangulation processes, hydrogte
experience shows that frequentlyontrol is still valid in coastal surveying (see F&23). This is als
valid when strip adjustment is carried out throiurglependent models using an analytic processhi$
case, the normal method, after determining evedafive orientation, is 1 note each model’s ~ordinates
and then to adjust them in numerical ter

When there are several strips with side overlape (8ig. 6.24), block adjustment with indepenc
models can be completed with certain advantages fhe merged rigid st

Pants subjected to aerotriangulation .

a. Ground control points;
b. Tie points;
c.  Additional points for restitution control or iteno$ detail requiring specific calculatic

Then, holding the cordinates of the ground control points fixed whitsting into account their relatic
with tie points, a block adjustment can be undemakAs a result, ordinates of the tie points and &
additional points can be obtained and express#étkiground control points’ reference fra

There are seven panaters for each transformation model in a normalcgss: one scale, thr
translation parameters and three orientation os&eral software versions are available; the basis
deal with the planimetric and altimetry processsgsasately. The mo elaborated ones are based on
treatments with an important statistical analyssclv tends to clean up the influence of out of rahee
deviations. With these kinds of blocks, the regdiemount of ground control points can be minimis
There is a integral utilisation for them and a strong ling between models to emphasise the set rigic
With 5 + 0.2M ground control points, successfulitsscan be achieved, M is the number of indepetr
models that constitutes the block.

A block of indegndent models under adjustment is shown in Fi@.6lEmust be remembered that af

from the number of ground control points, theirtrdsition is important to assure an accurate agitl
network for the restitution.
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Fig. 6.29

For simplicity, only a few rays from the perspeetigentres to the points under aerotriangulation are
shown. These perspective centres are associatedhei objective position at the moments of expesur
The ground control points, of which some are caent with tie points, but not in every case, as»al
indicated.

Fig. 6.29 is also useful to demonstrate the linkimaf can be achieved through intercepting homalego
rays.

Even though they have been chosen by stereoscoggration, the measuring of plane co-ordinates
inside each image, without stereoscopic processktg,up these rays. Through this method, at feast
points from the photogram are usually measured witlistribution as shown in Fig. 6.30. The stapili
of a block adjusted through this bundle block amjent technique is higher than that achieved thioug
strips or independent models. Occasionally, & &djustment is conducted through independent rsodel
and then, with these provisionab-ordinates, the last adjustment is undertakeoutiiv bundle of
homologous rays.

Fig. 6.30

In the block adjustments, by independent modelsydsundle, apart from the three co-ordinates fahea
point being processed, co-ordinates for perspectwres are also created.
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There are cameras which can be synchronised witB$8lstems. They have the capacity to receive
differential corrections; the position of the cestican be introduced in the block adjustment. Tthes
number of ground control points can be reduced.stéBys with three or more antennas are being
developed in order to extend the capacity to theutation for orientation.

There are other means to increase aerotriangulaapacity and whilst minimising ground works; the
obtaining of images at smaller scales is among thieinas certain validity for horizontal co-ordiea but

it is not capable, as yet, for solving altimetrguiements accurately. Some transversal striffseasame

or smaller scale are also used. At the presemt dlinthese procedures for small photogrammetiatesc
(1:20000, 1:50000, 1:100000, ...) are avoided amlaced with the described technique of GNSS
positioning through the projection centres with iminm ground control.

3.1.6 Ground control
One of the main tasks of topographic field survgymthe creation and marking of ground controhpmi

Although in 3.1.5 some guidance for selecting tléngs to allow aerotriangulation are given, it is
necessary to consider the specified requirementsthoke responsible for restitution or the
aerotriangulation processes. The objective oftaargulation is the control of the restitution delsed
in3.1.4

Selecting of control before the flight is theoratig possible, deciding on the positioning pointsiat
are to be photographed. However, the control égjfently selected after the flight by positioning
identified points on the photographed images. Th&away of avoiding problems caused by the difert
of artificial marks.

Apart from obtaining the values of the co-ordinadéshe control points, their plots must be comgidiet
An initial impression for that information can begaired from photogram copies or on a photo-plot.
Sometimes the feature is pricked through the inveige details written down on the back. Howeversth
is not always sufficient and it is necessary to adtkscription with graphs to clarify the chosetadi@nd

to fix its position and the reference level for thertical co-ordinate. This is important because
sometimes the appropriate detail to fix the horiabposition has no well-defined level. For exaemphe
corner of a building is a good point with whichreder a horizontal position but the ground leveboth
must be identifiable to give good vertical control.

In every case the description obtained in situ ninestompatible with that which can be obtained by
stereoscopic information. To do this it is usdiwlhave a stereoscopy and accurate image copies to
analyse this information or to observe it througstereo plotter to provide the description to beduis
aerotriangulation.

The accuracy in the position of ground control pomust be carefully studied, taking into consitera
the desired aerotriangulation results to contra testitution. A maximum deviation of 100ppm
(100parts per million) of the flight height (that H/10000) in the three co-ordinates can be acdepie
cases where difficulties arise, acceptable alteresimust be available and analysed.

Apart from the issues on the instructions for dstiion of ground control points, accounting foeth
aerotriangulation adjustment, it is expedient tri§y that the provision ok, y andz co-ordinate points
around the outside edge of the block are more Usafme internal points may be limited to the i
co-ordinate only.
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3.1.7 Stereo plotter generalities. Digital proceing.

A simplified scheme of a stereo plotter is showrig. 6.3.1. It has two photogram supports (om fdr

in digital format) on which co-ordinateSy” andx”'y”” can be read. It also has an observation device
(represented by two eyepieces) which has two (alptaptical/mechanical, electronic) paths insideoit
allow each eye to partially see each image, mattiegstereoscopic model available for measurements.
The paths have floating marks with which to formaént which can be seen in 3D near the model. &hes
marks can be moved on the model in the directiothefflight through the X control, transversal be t
flight with the Y control and vertically via the @ntrol.

Fig. 6.31

As is indicated in Fig. 6.31, controlsxmandy are operated through cranks artirough a pedal.

Through codifiers related to the movementsxjry and z, these co-ordinates can be registered. An
independent model aerotriangulation process can He applied to them. To conduct the process
through ray bundles, it is necessary to have atruimgnt with codifiers to registgphotogram co-
ordinatesX’,y’, X" andy™)

Apart from the required accuracy to distinguish g@® of the flight height (H/20000), an instrument
suitable for aerotriangulation must have all theeasials to register and to codify.

Naturally, all the stated registration, codificatielements and others related to orientation andrin
equipment performance, should be connected to @ebting system, particularly in analytical and digit
versions (see 3.1.4).

In the new digital versions (soft or video plotjeascomputer monitor is used to display the datgaired

to carry out the observations detailed above ($ge6F51). Both photograms are projected altevedyi
onto the monitor, the operator views one in eadh thyough special observation equipment (anaglyph,
polarised lens or other electro-optical means) chvlireate a stereoscopic image and therefore ity ab
to make the required measurements. Other perigharalconnected as indicated in Fig. 6.32. Irgaadi
stereo plotter, the image is provided by a stesneara (CCD = charge coupled device).

Fig. 6.32 shows a data flow diagram in a digitaletd photogrammetric system.
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In electromechanical restitution devices the ptagiges the final output version of the work, aduially

the plot was produced analogically without the @fida computer process. In digital versions datgpau
consists of files containing a precise format fatufe graphic manipulation (soft copy), such as a
Geographic Information System (GIS). In these tdlgcases, the use of a plotter is a supplement
providing a global overview of the aerophotogranmetocess.

The use of soft copy files is extremely convenienthydrographic survey processing. The infornmatio
from the photogrammetric process can be superpasedpared and made compatible with other data
which is generated from the topographic field wgmlevious work or near shore bathymetric data.

CCD SOFTWARE
Stereo Camera
7
¥ «— o TERMINAL
Data MEMORY [ 1]
INPUT
/ l DATA
QUTPUT
DIGITAL
CORRELATION |¢— DIGITAL IMAGE l
L PLOTTER
STEREO
MENUE MONITOR
GRAPHIC
\T l MONITOR
FLOATING RN
MARK (X.,Y.Z g
CONTROL) |4——
Fig. 6.32

3.1.8 Photo interpretation

Photo interpretation involves the examination ofotolgraphic images, sometimes supported by
stereoscopic observation, which allows the idesdtion of objects and features, as well as ceraih
properties, vegetation, etc., in order to obtagualitative description of its character, use dréhaour.

In many cases, the relation between flight heigitk smooth topographic features is not sufficienttfie
relief to be viewed with sufficient detail to defithe drain lines, as indicated in Fig.6.19. Nthaless, it

can be achieved through a minutely precise anabfsaerial photographs, thus, it is possible tedethe
existence of temporary courses, separated by waigss whose features are clearer than in the relief
interpretation. This is a typical example where tphanterpretation can achieve more accurate
descriptions than photogrammetry with small scahagery, although this procedure should not be
extrapolated.
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Generally, image interpretation, photo interpretatbeing a particular case, can be undertaken more
successfully by experts in their particular fieldzor example, a coastal engineer can make better
conclusions regarding the behaviour of a beach #hsmrveyor, because he can analyse wave refraction
and certain erosioprocesses.

In certain cases, very detailed contour lines cartraced assisted by images obtained from different
periods, not only above the high waterline andithier-tidal zone, bufor the existence of permanent
vegetation or the lines left by the flood tide euts before the backrush or the water image changes
tonality with the depth.

An accurate combination between the calibrafiod the observation can be attained by compariéon o
some topographic or bathymetric measurements. ddrisproduce excellent results. Nevertheless it is
necessary to prove a strict correlation betweerdétected evidences, for example tone changeshand
measurements. If this is not verified, the basisthe interpretation must be revised. Sometirttess,
behaviour of thematic phenomena is incorrectlyrprieted as the presence of shoaler zones.

A photo interpreter’'s experience and the checkirigdoubtful details in the field allow photo
interpretation to be a very useful procedure asmaptement to topographic surveys.

3.2 Non-Photogrammetric Remote Sensing Imagery

In this section only non-photogrammetric systems methods will be considered. As stated previqusly
the term “Remote Sensing” is applied to the detectf objects and the determination of their poniti
and some properties without making actual physamitact with them. Although the term remote
sensing covers all the techniques for making olagiems at distance, such as those based on acustic
gravity and aero-magnetics, at the present tineepntirmal sense of the term has been restrictdtatot

the electromagnetic energy.

A generic remote sensing system is composed oftfasic elements (Chuvieco, 1995) (Fig. 6.33):

Sensor system: sensor and platform (including the rocket vehichéoh transports it until
in the definitive operation orbit);

Scene: is the ground area covered within a certairetp the sensor;

Source of Energy: is the Sun (for the passive sensors) or generatetiebsensor (for the
active sensors).

System of Process, Sale,

Interpreter and Final User:  involves the reception-capture station, antenrecking system, sales,
distribution agency, interaction with the clientdafinally the final user
(i.,e. government agency, defence, university, ddimeservice
companies, etc.).
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Fig. 6.33 "Remote sensing system (satellite passsensor case)"

3.2.1 Satellite and sensors for Earth ResourcesRiote Sensing

The satellites employed in earth resources renesisisg use 2 types ofbits (Fig. 6.34):

a. Equatorial geostationary orbit:  the satellite is at circa 36000 km distance anoviex a fixed
point on the Equator. These satellites only lobkha Earth’s surface in a particular way for a
dedicated function; i.e. European meteorologictdlbe METEOSAT, the American GOES, etc.

b. Cuasi-polar sun-synchronous orbit: the satellite uses much lower orbits (700 toOLR®) and
it always passes over the Equator at the same(8aresynchronous), moving a certain distance

along the Equator and passing near the poles.
i.e. SPOT, LANDSAT, NOAA, METEOR, JERS, ERS, RADARS etc.
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Fig. 6.34 "Main satellite orbits"
Theinstrument-sensorscan be classified according to system methodology:
a) In the origin of thenergy sourceused, they are divided into (Fig. 6.35):
Passive the instruments capture the radiated energyttednfrom the area of interest and
generate a corresponding and measurable eledrialsi The energy source is the Sun.

Examples: MSS and TM LANDSAT, AVHRR NOAA, HRV SPOVIMRS SAC-C.

Active: the sensors emit an energy beam and registebdbkscattered proportion from the
Earth’s surface. They are able to obtain imagesny meteorological or light conditions, since
the energy source is self generated and independémt Sun.

Examples: SAR ERS, JERS and RADARSAT.

C-13



b)

350

// -"{ i’.’; / / /
/ X o

Fig. 6.35 "Passive and active sensors"

The useable sections of #lectromagnetic spectrum

Optic: this includes the visible spectrum of the hurega (0.4um — 0.7um) and the reflected
or near infrared (0.@m — 3um).
Examples: MSS LANDSAT, HRV SPOT, MMRS SAC-C.

Thermal: corresponds to the thermal or emissive infrgrgam — 15um).
Examples: AVHRR NOAA, TM LANDSAT.

Microwave: the longer length waves (mm to cm) used maiglyhe radars.
Examples: SAR ERS, JERS and RADARSAT.

Sourcesof electromagnetic radiation which may be usedréonote sensing can be natural such
as the sun, earth and atmosphere or artificialcesusuch as flash lamps, laser and microwave
emitters.

The main natural energy source is the sun, whatiateal energy reaches a maximum (peak) at a
wave length of 0.4Tum (green visible). On its way to the Earth, suergg passes through the
atmospheric layer and undergoes complex interagtismmmarised in the effects of absorption,
reflection, scattering and emission (Fig. 6.36):
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Fig. 6.36 "Radiation received by the sensors"
The different components are:

Radiation reflected by the atmosphere;
Radiation scattered by the atmosphere;
Radiation reflected by Earth surface;
Radiation emitted by Earth surface;
Radiation emitted by atmosphere.

arwdOE

Only a small part of the energy captured by thessers used to extract information regarding thelEs
resources: that reflected and/or emitted by thehEs surface. The rest should be filtered tobéna
additional information to be extracted.

There are zones in the spectrum, which have arbel@etromagnetic radiation path; they are called
“atmospheric windows” (Fig. 6.37). In these zotles absorption is lower, so the transmitted enésgy
higher. The main windows are:

0.4 — 0.7um in the visible;
3.5-5.50um and 8 - 14um in the thermal IR

The sensor captures and measures the electrontagnetgy coming from the area of interest in discre

spectrum bands. The measurement of the interisthedransmitted energy from a target in each band
called spectral response or the “spectral signanfrehis target.
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Fig. 6.37 "Atmospheric windows"
3.2.2 Main Remote Sensing Systems
The main remote sensing systems can be classHiéallaw:
PASSIVE SENSORS:

» Photographic systems

* Return Beam Vidicon Systems
» Opto-mechanical scanners

» Opto-electronical scanners

ACTIVE SENSORS:
» Radar systems
* Photographic systems

The photographic cameras were the first sensoestalileceive multispectral pictures from spaceeyTh
continue to be a method often used for remote sgngiarticularly from air platforms. Their basit o
operation is the impression of a scene onto phogibee films via an optic system which allows aaht
of the exposure conditions.

Most important characteristics are:

a. Film type: The most commonly utilised is the panchromatic filom which the whole visible
spectrum can be captured on a single emulsion.iaRa corresponding to the near or reflected
infrared (IR) is captured in grey tones with thianed film.

b. Number of objectives Multiple observations can be carried out with twiffedent constructions,
incorporating several lens, each one of them withappropriate filter, either in a single camera,
which enable impressions of the same image inréifficbands of the spectrum, or by assembling
several cameras on the same platform, each onediffiénent filters and appropriate films. (See Fig.
6.38)
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c. View angle In vertical photography (the most often empliyyethe images are captured
approximately orthogonal to the land surface (5Viaten being permitted) and in oblique
photography, a viewing angle of less than 90° (usexfudies of the relief, urban infrastructure,. et

d. Observation height The heightHf) is highly variable, depending whether it is ailspace
photography and the relationship with the focatatise {) determines the scal&)(of the obtained
photogramm (See 3.1.1).

S = f /

An example of space photography can be cited impdrehromatic and IR pictures taken from the
Space Shuttle during the European Spacelab Proga@8). Indeed, with the metric camera RMK
20/30 some stereoscopic pictures were obtainecewdral regions of the world, at a scale of 1:
820.000 at 250 km high with an approximate resofutf 20 to 30 m, these were used mainly for
cartographic purposes (Konecny, 1986).

More recently, cameras like the MKF-6 (Fig. 6.38h board the Soyuz space laboratory, have
allowed the capture of pictures of high resolutamd in 6 bands of the visible and near IR spectrum

(Chuvieco, 1995). Also on board the Soyuz, camexaghe KFA 1000, with focal distance of 1 m
approximately and at 351 km of distance, achieamhgetric resolutions from 5 to 10 m.

\Ee)

Fig. 6.38 "MKF-6 multispectral camera”

* Return Beam Vidicon Systems

Return Beam Vidicon (RBV) was a passive sensorlainm a television camera tube. This sensordaile
early on the first ERTS (called LANDSAT after) anever came into routine use.

Two RBV cameras observed the whole surface in miateeous form, using colour filters to provide

multispectral bands centred in the blue-greenpyeled and red-IR spectra in the first two LANDSAT
satellites.
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A forth RBV camera on Landsat-3 was a panchrom@is05 - 0.750 um) version that provided four
adjoining images at 30 m resolution.

This type of system has been used in TIROS and LBNDsatellites, among others.

» Opto — mechanical scanners systems

These types of scanner are opto-mechanical instrignehere a mechanically driven optical element,
generally a rotating or oscillating mirror, is ugeddeflect an optical beam to the detectors dit raggles

to the line of flight. The axis of rotation or dtion of the mirror is parallel to the line dfght or orbit.

As examples, aircraft Daedalus scanner uses amptsystem and the LANDSAT satellite series utdise
an oscillating system in their Multi Spectral Scan(MSS) (Fig. 6.39).

CSCILLATING
— SCAN MIRROR

& DETECTORS FER BAND
(24 TOTAL, FOR 4 BANDE)

— N emiporview  12°

SWATH WIDTH -
114 MILES

SOUTH
S-LINES SCAN-BANDS 3-7

DIRECTION OF
ORBITAL FLIGHT

Fig. 6.39 "LANDSAT MSS (after NASA, 1997)"

MSS LANDSAT consists of a mobile mirror that osai##s perpendicularly to the flight direction. The
received radiation passes to a set of detectorshwdumplify and convert it to an electric signalhis’
signal is converted to a numeric value which carstoeed on board or transmitted to the network of
reception ground antennas.

In summary, the sensor transforms an analogue Isigma received radiation, into a digital value,
generating digital images. These radiation vakees be translated, again, in radiation levels, kngw
the calibration coefficients of the sensor andatbreditions of acquisition.

The number and attributes of the detectors, whimfitain the scanning equipment, is fundamental in
understanding the characteristics of the resultimape.
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The signal sent by the optic system to these dwtedt re-sampled at regular intervals, so onlymaeric
value is recorded at each certain distance. Thatvial marks the size of the minimum informatiaritu
acquired by the sensor; it is termed a “pixel” {pie element). The signal detected by each piasla
direct relationship to the type of observed surfalfethe signal originates from a homogeneousagaaf
the value of the pixel will correctly define it; the case of a heterogeneous surface, the resultenan
average of the characteristics of the area observed

In many scanners, the received signal breaks dowimoard into several wavelengths, each one directed
to a special type of detector sensitive to thisgyneange. These are known as multispectral seanne
because they are able to detect the same lanatewritising different spectrum bands.

The advantages of the multispectral scanners, liatioa to the simple photographic sensors, are
(Chuvieco, 1995):

a. They enable enlargement of the detected spectrund tsawavelengths longer than the visible one.
The emulsions are limited to the range 0.4 tou®® while the scanners can embrace from 0.4 to 12.6
pum, including the medium and thermal infrared;

b. Easier calibration and radiometric correction aigla

c. Ability to undertaken systematic and extensive cage due their capacity to transmit data in real
time;

d. Digital recording of the information, which impraéheir reliability and allows computer processing.
Disadvantages are the limited area resolution @héed for specific image processing systems.

Examples of these systems are the Advanced Veryh HRgsolution Radiometer (AVHRR) in the
satellites TIROS-NOAA and the Multi-Spectral Scan(dSS) LANDSAT.

A more sophisticated multispectral imaging sensamed the Thematic Mapper (TM), has been added to
LANDSATSs 4 to 7. Although similar in operationaloges to the MSS, the TM consists of seven bands
which have differential characteristics, addinghlgatetric, geological and thermal capabilities with
improved geometric resolution.

* Opto — electronic scanners systems

In the optic-electronic scanners, also called “pusbm”, the oscillating mirror is eliminated, due &
chain of detectors which cover the whole field @fian of the sensor. These detectors are energiged
the orbital movement of the satellite, enablingmhat each instant to survey a complete line, which
moves simultaneously with the platform. The sdlietectors which make-up an optical-electronic
scanner are termed “Charge Couple Devices” (CCIg) @40).
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Fig. 6.40 "CCD system (after Chuvieco, 1995)"

With this type of sensor the space resolution @& #flystem increases compared with conventional
scanners, whilst eliminating the moving partsislalso not necessary for the sensors to be igated
by pixel, but rather by line, which in turn makesnore responsive for detection and emission ad.dat

Examples of this system are the High Resolutionbiés(HRV) sensor of the French SPOT satellite, the
German MOMS and the sensors of Indian IRS-1 andnIMESSR MOS-1.

* RADAR systems

The RADAR RAdio DetectionAnd Ranging) enables information about the topograptwyghness, land
cover and moisture of the scene to be acquiredywsimactive radiometer of microwaves, which works i

a spectral band between 0.1 cm and 1m. Due to #hdity to operate in any atmospheric and light
condition, they are increasingly used. There arporrtant differences between how a radar image is
formed and what is represented in that image coadptr optical remote sensing imagery. To interpret
radar imagery, it is necessary to understand tbarraonfiguration, the energy associated with radar
remote sensing, the way in which that energy imteravith surface targets and the way in which this
interaction is represented in the image (David488y7).

The radar principle of operation is based on th&ssion of a pulse (beam) of microwaves (radio) talva

the scene or target. The incident energy is battesed by the scene towards the radar, which mesisu
the intensity (detection) and the time lapsed betwamission and reception (range) (Fig. 6.41).
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Fig. 6.41 "RADAR basic operation”

The Synthetic Aperture Radar (SAR)is the radar type most used in satellites. Tiecyple is based on
the Doppler effect, which affects the recorded okm@ons when a relative motion between an object
(target) and sensor is observed in the pulses fitmnterrestrial surface target caused by successive
moments of the satellites orbit trajectory. Theuteng resolution is equivalent to that which waiile
obtained with an antenna of similar length at tlistathice between the extreme points from which

backscatter is received from the same target @3).

- Band or area
First time that SAR receives “iluminated”

backscatter from the

Fig. 6.42 "Synthetic Aperture Radar concept"

Examples of SAR natural resources sensors are thhepBan ERS and ENVISAT, the Canadian

RADARSAT and the Japan JERS.
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3.2.3 Image Structure and Support

An image is generated from the energy capturecheysénsor, which converts it to an analogical digna
Then it is processed and stored as a numeric valte. regular storing interval of the signal detiees

the images’ unit of information. This minimum segmh of data, represented by a single digital vakie,
termed a “pixel” (Picture Element), and, as wasvipngsly stated, it depends on the sensor geometric
resolution. The pixel is characterised by a Diditamber (DN), resulting from the digital codifican of

the radiation detected for that range of the spatwr band.

The numeric image is a geometric array (matrix)waf dimensions. In each pixeij (elementary point
of the matrix) there are three associate values:

a. their line co-ordinatéi ;
b. their column co-ordinat€j;
c. the physical measure made by the receiver in flkat im a range of wavelength: DNij.

A multispectral image is constituted Iy arrays, called channels or bands. In this cdse,irhage
becomes a three-dimensional array, incorporatiegbnd like third dimension. For example, an MSS
LANDSAT multispectral image possesses four chanM&s,, where k = 1, 2, 3, 4. (Fig. 6.43). The
radiometric intensities of a channel are numerouats with values whose limits are between 0 &% 2
allowing up to 256 possible values in general. sSEhealues are coded in bytes or 8 bits.

'] Band 4

 IEEEEEEEEEEEN]

Line coordinate
axis

Band 3

P

Band 1

L FE
(O

=i

Column coordinate axis

Fig. 6.43 "Multispectral image array structure"
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The fundamental principle of visualization of aithyjimage is to associate a colour or a tone ef/go
each radiometric value, conserving at the same tiraematrix representation of the image. There are
two visualization possibilities:  the visualizatiof a single channel and the visualization of s#ve
channels in additive synthesis of colours.

In the case of unique channel visualization, aesgrondence between intensity (DN) and tone of grey
defined, so that the minimum intensity (0) is ageifjto black and the maximum intensity (255) toteyhi
assigning the intermediate values to different sook grey. The histogram of a numeric image is a
graphic representation of the frequency of appearaf the different levels of radiometric intensity
(DN); thus expressing the pixel distribution asuadtion of their radiometric intensity. The histam
allows one to know the distribution of the pixaigihe image for the interval values from 0 to 255.

To improve a digital image it is possible to modife correlation between numeric values and thgeran
of grey or colour. The objective is to increase global contrast of the image. It is done byaeiplg the
original values, between the minimum and maximuwele with new values distributed within the 255
levels, as a way of using all the available greyele in the visualisation. This can be achieved by
applying a lineal function (straight line), adagtithe image according to the curve of the accuredlat
histogram or by other viable methods of distribatithe most common using exponentials, the lineal
segments, etc.

For colour visualisation, the principle is the saasethat for visualisation in black and white (B/Mf)he
only differences being there is a colour associati¢lll each channel numeric value and no grey ititens
Thus there should be a proper palette of colouia&tk

There are conventions for the channel colour coatliin. For instance, the MSS LANDSAT normalised
False Colour Composite (FCC) image assigns the tbleur to the green band (centred at 0.55),
green to the red visible band (0,6%) and red to the near-photo IR band (QuUAY.

There are alternatives for tlmage recording format In general, the image contains a “header” file,
which indicates the recording format, the sens@etygeographical location of the area, date, solar
position, data of corrections and calibration @& tlnage. The more frequent recording formats are:

BSQ (Band Sequential): DN follows a sequential ordeaving the origin (line 1, column 1) until the
final pixel of the first band; the succeeding batids follow on.

BIL (Band Interleaved by Line): The DN are ordergdite. The first line of band one begins, thea th
first line of the second band and continuing orhwtfite other bands. Once all the bands are condplitte
passes to second line of the first band, the selioadf the second band, etc.

BIP (Band Interleaved by Pixel): The format is samito the previous method, except in this case the

DN are ordered by pixel. The first pixel is receddat the origin of each band, then the second, #Eire
so forth until completing the image.
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The available image support requesting the negative or positive film or plygpaphic page, varies
according to the space programme. Negative filnthés most versatile product, since it enables the
generation of all the amplifications consideredassary at the desired scale. Positive film is wssful

for photographic reproduction and impressions @& timage. Paper is the most commonly issued
analogue media as it guarantees the ability farexdinterpretation of high quality images; howette
scale in which it is presented is rigid. LANDSAMTimage negative films (23x23cm) are offered at a
scale of 1:500.000, while other programmes offeages at a scale of 1:1.000.000, additionally
amplifications can be obtained in paper at scalds250.000 and 1:100.000.

Presently magnetic Computer Compatible Tapes (CEXabyte tapes and Compact-Disk Read Only
Memory (CD-ROM) are the most useful digital medipés.

3.2.4 Interpretation and Processing Fundamentals

Image interpretation refers to the techniques reguio define, to recognise and to identify objemts
phenomena in an image and to interpret their mganiio conduct these tasks, it should be considaned
essential part of preparation work to define thexpeeters and methods to be used.

The scale is one of first parameters to be defaretlis linked to the previously mentioned objedjuae
scale defines the minimum unit of information whishould be included in the map, termed the
Minimum Cartographic Unit (MCU). It is recommendexit the MCU not be less than 4 fmat scale of
the map. Thus, the work scale should be relateectlly with the most suitable type of sensor to
undertaken the project. In accordance with theriv#tional Cartographic Association guidance, tlostm
suitable scale limits for the different sensors are

LANDSAT — MSS 1:200.000
LANDSAT — T™M 1:100.000
SPOT — HRV 1:50.000

To summarise image interpretation factors, thefeihg should be considered:

* Sensor-platform system The most appropriate sensor type depends oobjeetives and the level
of precision required for the project; i.e. glolmaapping (planispheres) will be carried out starting
with sensors of low space resolution (NOAA AVHRR SAC-C MMRS) while those requiring a
larger scale will use sensors that offer greateatiap detail (LANDSAT TM or SPOT HRV).
However, in other cases, the spatial resolutioseisondary to time or spectral resolution; if the
studied phenomenon is very dynamic in time, sucth@sletection of spills of oil in the sea, it wdul
be suitable to use sensors of higher temporaryutso, whilst sacrificing space precision. In eth
projects, spectral dimension will be more importsuth as for studies of ocean colour starting from
optic sensors.

* Image capture date The most suitable moment to acquire imagesheilivhen the phenomenon to
be studied has its highest discrimination aheadtloérs of similar spectral behaviour; i.e. riveesid
area mapping with large tidal amplitude and extengieaches, it will be most suitable to choose low
tides due to having the highest quantity in detdet@oastal details, thus image capture should be
planned with an analysis of local tide predictions.

* Image support Selection of media, on which the interpretatiorcésried out, depends on the
technigues to be applied. If a visual analysientthree main aspects should be considered: the
material support of the image, the scale and thed baumber or selected combination of bands.
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Photographic film or paper is ideal for analogigasual) interpretation, while Exabyte, floppy désk
CCT or CD-ROM are best for digital processing. #Aiddally, the ideal number of bands for a
project depends on the phenomenon being mappedmitored.

* Selection of the analysis methad Image analysis methods can be visual or digitghch has its
own advantages and disadvantages. Visual treatreguires lower inversion than digital processing;
however, computer processes presents lower unitasts with larger areas, while visual
interpretation follows linear costs.

In summary, when undertaking complex works the ltesaf both methods are suitable, although digital
methods are gaining in importance due to advangesnage processing, via computer equipment
(hardware) and programs (software).

Remote sensingmage visual interpretation is based on the same skills used in classic ateph
interpretation. VIR and SAR images interpretatma similar in that the same interpretation keyssd.
When SAR images are employed, the unique propediesdar imagery must be remembered and
incorporated into the interpretation process.

Main elements of visual interpretation used are:

* Scale ltis the relationship between lineal dimensiimthe image and on the terrain (ground).

| S = Image / Ground |

In general, scaleq] is expressed as a division with numerator equél't and denominatorD”:

s = 1/ p

* Shape and size Shape and size are linked directly with scslepe refers to the spatial form of an
object or area, shape can help to distinguish ketwatural and cultural features.

The size of a feature can be helpful in distinguigtieatures from each other in relative terms. Stele
is one factor, which influences the size of an obge feature present on the image. Shape, sizscald
are fundamental for the definition of the patterns.

* Tone The tone refers to the energy intensity reatibg the sensor for a certain band of the
spectrum. In a photographic product, pixels witlttkdtones indicate those areas where the sensor
detected a low sign, while the clear areas areetludshigh radiation values. The tone is related
closely with the spectral behaviour of the différéamd covers for the specific spectrum band in
which it works.

In radar images, tone results from target backsgatinal variations are usually functions of thrersgth
of the radar backscatter from the ground; i.e. dmaeater surfaces appear dark because they act as a
specular reflector with the energy being refleaedy from the sensor.

e Colour: In VIR images the colour is a consequence efdhlective reflectivity from the objects to
different wavelengths. Those surfaces with higlecévity in visible short wavelengths and lower i
the rest appear with blue colour, while those whablsorb short wavelengths and reflect long ones
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appear with a red tint. If the sensor capturesrinftion in the bands of the blue, green and red
spectrum, a composition in natural colour can eiobd.

SAR images are mono-band and so they are viewgckintones.

* Texture: Texture is the frequency of tonal or colour changksefers to the apparent roughness or
softness of the image region, representing theespantrast between the elements from which it is
composed.

The texture of the image comes from the relatignfl@tween the size of the objects and the resolatio
the sensor. In general, texture is classifiechioki medium and fine texture. In SAR images, éyne
classified as smooth, fine, grainy, linear, spetklad flecked.

Contrast is the relationship between clear and dagls or the tone relationship between an objett a
the surrounding objects.

* Shadow Usually shadow links the dimensions of the objenainly its height) with the angle of
incidence of the energy (Sun or waves beam).

In SAR images, shadows indicate relief type. Shabimgth can be used to estimate height, whiler thei
projection indicates spatial form.

Finally, visual interpretation is carried out byaévating all the above mentioned parameters and
comparing the characteristics of the displayed abjwith well known patterns (i.e. land cover, degje
net and urban infrastructure, etc.).

The process of identifying or helping to identifgatures through local and regional context is dalle
association. For instance, terrain landscape antdrétic Sea features tend to form associatiorasutir
well-understood natural relationships and proce@sedloes, fractures and glacial landforms).

* Pattern: Pattern represents the orderly spatial arraegéwor repetition of features. Spacing, density
and orientation are indicative of pattern; for epéenriver (or watershed) net is linked to relief,
dendritic pattern is representative of an undutptinea (hills, mountains), while meander patterns
represent flat or plain areas.

3.2.5 Image pre-processing and complementary data

The satellite images, obtained by a third partyl have been processed by the acquiring instituiion
order to standardise the available products. Aeltesatment is conducted and, at the client's tque
additional optional treatments improving the geasneind radiometry of the product can be completed,
better adapting it to the objectives of its futapplication.

The process type and their denomination are cleratit of each system. In general, it is orgashisea
progressive hierarchy of corrections, such thatidaeel includes all the previous ones whilst addin
others.

For example, for HRV SPOT products, there are diewing treatment levels (Fig. 6.44):

C-13



Level 1A:

Level 1B:

Level 2:

Level 2A:

Level 2B:

Level 3:

363

General basic level for all the imagebgeve a calibration of sensors in each spectral band
has been conducted. There is no geometric casrectirhese images are used in fine
radiometric studies.

Systematic deformations caused by taiedsotation, panoramic effect, drift effect and
incidence angle are corrected. There are correctior geometric origin, but that may
have influenced the radiometry, because a re-samdicarried out.

Geometric and localisation corrections earried out using internal and external data.
The internal data employees are:  data of redtorkit, geometry of the instantaneous
field of view (IFOV) and satellite altitude restiton auxiliary data. The external data are:
parameters of the selected plane representatidensysectification medium altitude
selected and ground control points (GCP) co-ordmat

There are 2 sub-levels, in functions for the uskraot of the GCP:

Two-dimensional corrections are carrged to transfer the scene to a certain cartographic
projection (Mercator, Transverse Mercator, Lambett, - see Chapter 2). Data from
satellite altitude and geometry of the IFOV (instareous field of view) are used,
without using GCP.

The geometric correction uses GCP, obtgia higher precision than in Level 2A.

The geometric deformations produced leyredief are considered. It requires data from

the Digital Elevation Models (DEM). The absolutesjtion precision is of the order of
0.5 pixels. As result, an orthomorphism is obtdine

Level 1A Level 1B

Level 2

Level 3

Fig. 6.44 "SPOT image processing levels (adaptedoim GDTA, 1993)"
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Complementary data

Image processing requires complementary data teséeé for its geometric corrections and preparation
the final cartographic product. The geo-codifieatcan be conducted without the GCP but the redulta
position is only relative, if a link to a referensgstem is required, the use of GCP will be reglire

Ground control points (GCP) are points with pregigikknown co-ordinates and clearly identifiablelie
image. They are used to define the co-ordinatestoamation equations from the image to the reglire
geodetic reference system and cartographic projecti They can be obtained from cartographic
documents (charts) or starting from topographitiftasks. In certain cases the land reflectigaas
(transponders) can be installed, which are easdieddable in the image, thus enabling the geo-
codification in areas with few natural or artificgetails.

Additional cartographic data (type of coasts, nati@n obstacles, coastal details and urban, partread
infrastructure) can be used for the interpretatibthe image or to enhance the final product. Téeybe
obtained from digitalisation of existent chartsonfr geo-referenced databases (GIS) or from
complementary surveys.

3.2.6 Image processing

Satellite images present geometric and radiomdisiortions, which are dependent upon the sengar, ty
platform and the capture conditions. In hydrogra@pplications, information from multiple sourdss
very frequently used. Therefore, to standardisd, thus be able to compare and integrate the atjuir
data with other information, it should be normabgadure to rectify and to restore (rectificatiord an
restoration) the satellite images. The levellimg @orrection process depends on the evaluatedeisnag
and on the application to which the final produgto be put. In some cases it can be enoughqust t
correct the systematic errors and then co-regiseeimages with other previously geo-referenced;dat
other cases, the images will be corrected andmglgal in a cartographic projection with a givenlsca
The complete correction of an image involves thigalnprocessing of the raw image data to elimirtate
geometric distortions, the radiometric calibrateomd the reduction of the actual data noise.

When images of diverse sources (i.e. LANDSAT TM,03PPAN, etc) are used, the processes of
geometric correction, rectification, radiometridiloeation and enhancement are prior requirementti®
image fusion and they assure the compatibility @xel-by-pixel basis. The radiometric enhancemsent
as important as the geometric integrity in all asp®f mapping with images because the qualityhef t
resulting final fused image depends on the pregisibthe geometric corrections in each participant
image (Pohl, 1996). This should be given particalansideration given the frequent employment of
mosaiced images to complete sectors of charts.

Geometric treatments

The geometric distortions can be classified asesyatic (predictable and correctable) and accidental
(random). The systematic errors are easily readlerby applying formulae derived from modelling th
sources of distortion. The accidental errors areected by applying polynomials with points of gnal
control (GCP) conveniently distributed in the image

Geometric corrections can be grouped in followingcpsses:
Co-registration (or registration simply): it is the adjustmetfitam image taking as a reference another

image, using a polynomial transformation betweemmon points in both. It is used when comparing
two data sets, without utilising the cartographigj@ction (absolute position).
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Geo-reference it consists of the assignment of co-ordinatethe pixels of the image by means of the
definition of the transformation equations.

Geo-codification it involves the passage from image to map bymseof the application of the
transformation equations. The image becomes at,cidrere each pixel has its corresponding
geographical co-ordinate pair. The geo-codificai® central to integrate images from diverse sesjrc
achieving the integral compatibility of its data @pixel-by-pixel basis.

Polynomial adjustment

Polynomial rectification is a relatively simple rmet of geometrically correcting the images. Itgiets
of the transformation of the original image basacda@roup of appropriately distributed points witéll-
known co-ordinates. It is necessary that the gdiave co-ordinates in both systems: origi& (y) and
final (X & Y).

Fig. 6.45
The number of well-known points reflects the ordéthe polynomial in use; as the order increases, a
higher number of points with well-known co-ordirgtare required. A system of equations, whose
coefficients are obtained by a least squares adgrgtmethod, is produced.

A polynomial of first order (linear) requires 6 W&hown co-ordinated points, it corrects for traatiin,
rotation, scale, inclination, perspective and al@iglistortions in the image (Fig. 6.46).

X=a+ax+ ay

Y=Dh+hx+hy
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A polynomial of second order requires 12 well-knoegrordinated points; it adds torsion and convexity

parameters.

X=a+ax+ay +ax +axy +ay

Y =bh + bhx + by + X+ hxy + by

Applying these equations, the original image cartraesformed, resulting in an image shifted, ratate

scaled and warped.
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The polynomial approach only locally corrects thege, since it depends on the distribution of goint
and their precision. In general it assures a coineage in flat featureless lands, but it is netyvuseful
for very undulating areas.

The effectiveness of the adjustment comes frometlauation of the residuals (deviations); the more
often used indicator is the Root Medium SquarerdRMS).

The assignment of the proper DN to the new posir& Y) pixel can be made following different
algorithms: nearest neighbour, bilinear interpofaand cubic convolution.

Nearest neighbour assigns to each pixel of thesfoamed image the DN of the nearest pixel in the
original image. It is the quickest solution, botree linear features (roads, riversides, etc) caeapas
fractured lines in the transformed image.

Bilinear interpolation calculates the measured agerof the 4 nearest pixels. Here the distortibthe
lineal features is smaller but the spatial contidiminished.

Cubic convolution considers the DN of the 16 ndgpels. It produces a better transformed imagge b
it requires considerably larger calculating capacit

In summary, the choice of the method depends orfitia use and objective of the project, on the
available computer resources (hardware, softward)am the GCP availability. Also, image processing
differs depending on whether the image comes frormic (VIR) or from a microwave (SAR) system.

Geometric effects in VIR images

In general, optic images are more distorted byptaecess for obtaining the image itself than by the
physical characteristics of the scene. For somsas, such as the TM LANDSAT for example, the
aspect (shape) and terrestrial rotation movemeningportant factors to consider during the cormectf
their images. In general such processes are akaerby the supplier (see 3.3.5).

For the geo-codification, as described previouslkye(3.3.4), object data of well-known co-ordinates
(GCP) is a necessity and, in general, an adjustimenteans of polynomials is beneficial.

Geometric effects in SAR images

SAR is a system very sensitive to the physical-ébahand geometric aspects of the target. SARsmit
an energy beam that strikes the target surfacevaigke creating a particular geometry with their ges
(Fig. 6.47) that can be summarised in the followtemgns:

» Altitude: distance between the satellite andstiie-satellite point on the surface of the Earth;

« Nadir: intersection of the vertical from the $lae with the terrestrial surface;

* Azimuth: direction, relative to North, of the jeatory of the satellite Nadir point on the
terrestrial surface;

* Range vectors: vectors that connect the SAR ¢ogttound, corresponding to each measured
range sample at a single pulse transmission time;
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e Slantrange: the distance from the sensor toget#ocated in the range direction;
* Range direction: range vectors direction (perpzriar to azimuth);
* Ground range: the slant range projected ont&#réh’'s surface;

» Incidence angle: the angle between the radarmersagtor and the local vertical direction (Earth
normal);

* Local incidence angle: angle between the radageavector and the normal to the surface of
each land element.

; \ fhaht 'Pa‘h
--Yﬁlll
’é,.-_. » swath width
%6
e £
3 incidence angle g"
= =
o nge .
resolution

/iﬂdlr ground range o
ground range
resolution

Fig. 6.47 "SAR imagery geometry (adapted after Rane1992)"

The main parameter is the local incidence anglg. (£i48). It can be seen that the geometry ofasign
target interaction is a function of the land slopjch causes various distortions which differetetia
from a true orthogonal projection.

Fig. 6.48 "Local incidence angle (adapted after Ray 1992)"

Main distortions are called “foreshortening”, “lay@” and “shadow” effects (Fig. 6.49).
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The effect “foreshortening” occurs when the localidence angle is smaller than the angle of inaden
but greater than zero. This distortion produceseffect which makes the viewed slope appear to be
shortened and leaning towards the sensor.

In cases of small incidence angles or very abraliefr the radar signal returns from the peak & th
mountain before that from the base, producing ffexiof “layover”. In these cases the local ireide
angle is larger than the angle of incidence.

The “Shadow” occurs on the slopes which are natnihated by the radar signal. These areas appear
very dark (without information) in the images.
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Fig. 6.49 "Distortions due to the relief (adapted #er Lillesand and Kiefer 1987)"

Radiometric treatments

These techniques are useful to improve the radiymst that the features of interest appear clesmdr
more understandable to the interpreter. They dd#ianal methods to those previously mentioned and
they help in the interpretation of topographicalttses.

A common method involves the manipulation of thaistic of the image, represented by its histogram,
which details the spectral frequency for each lzfrttie image.

To improve the interpretation of the image, theoaisgion between the numeric values and rangee&yf gr

or colour is modified with the intention of incréag the global contrast in the image (histogram
stretching). This is equivalent to altering thereat digital values for minimum (MIN) and maximum

(MAX) with new values distributed within the 255/8s to make use of all the levels of grey possible

The distribution can be conducted in several wéys,most frequent being a lineal distribution, vihic

involves the values between MIN and MAX being ré&thsited in a straight line between 0 to 255 (Fig.
6.50).

C-13



370

255
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0 DM min DN max 255
INPUT image

Fig. 6.50

Another means for assisting in the interpretatibthe images is the application of spatial filteféie
spatial filters are used to select or to mask @eamf values, inside the total DN scale. Thedersl
suppress certain frequencies, depending on tlee filpe. The low-pass filter reduces the rangBdfin
an area, reducing details and smoothing the geaspact of the image. The high-pass filter enhatiees
gradients of DN, i.e. the edges, which are usdabtter detect roads, railroads, riversides, etc.

The ideal filter is one which smoothes homogenearess whilst at the same time preserves limits and
texture; it should maintain the arithmetic averagd diminish the standard deviation.

In SAR images, adaptive filters are examples ohpgss filters and are employed to minimise effetts
speckle. There have been numerous algorithms alge@lin recent times: Lee, Kuan, Frost and Gamma
MAP.

In summary, filters are important for enhancingtdiees and they can contribute to topographical
interpretation, if they are used carefully and vdibcretion.

Radiometric distortions in VIR images

The sources of radiometric distortions are the aphere (due to dispersion and absorption effeitts),
sensor (effect of “striping”) and the solar illuration. These effects are described in detail thgdand
and Kiefer (1994) and Richards (1986).

Among the different components of the atmosphére,effect of water vapour in form of haze can be
reduced by applying a modification of the histogram

A frequent problem is the presence of cloud whietiuces the detectable data in optic images. Areas
covered by clouds present a centre with high DNiteyimear 255) with diffused and grey borders. iThe
corresponding shadows are also detected with wevyOON. Resolution is via the application of divers
methods (thresholding and density slicing) and mdskt they require a careful control, since some
artefacts can be produced.

In general, radiometric distortions created by #®msor are small compared with the atmospheric
influences. The most important of these distodiare those generated by the detectors, which esnif
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in the form of strips (striping). It is a recurteffect, which can be removed after the interpi@taor
processing of the image (Crippen, 1989).

The correction for the different solar illuminat®orequires a ratio between bands (band rationiig)s
correction is not usually applied, since the sdllamination produces an effect which facilitatdset
visual interpretation for cartographic updating.

Radiometric distortions in SAR images

SAR images present their own characteristics, whécjuire particular treatments and calibration. SEhe
characteristics are related to speckle, the probesed on multiple views, the range of DN and
radiometric specific corrections.

The “speckle is a characteristic phenomenon of radar imagess produced by interference of the
coherent beam by various individual reflectors.e Dackscattered energy represented in a pixetnscio
from the contributions of a large number of indivédl reflectors, such tree and vegetation foliage.
Interference of the returning waves to the SAR poed variations in the grey level of the neighbrgiri
pixels, creating a grainy appearance to the ima§geckle occurs in active systems which use coheren
waves and it limits the radiometric resolution éffSimages (Hoeckman, 1990, Schumann, 1994).

Since it is a random effect, it cannot be totalijnmated. The impact can be diminished using oasi
procedures, which reduce the spatial resolution.

The process based on multiple viewsu(ti-look processing is a radar signal process, employed to
reduce the speckle. It can be achieved eitherbgessing the signal to create independent, single
images at reduced resolution, identifying them #mh averaging the image power to form a multi-look
image or it can be accomplished by processing #ta tb full resolution and spatially averaging the
developed image. The image signal-to-noise raipreserved in multi-look processing. Multi-look
processing requires special hardware and softwaeit is usually performed at the data reception
facilities.

The range of the pixel digital number “DN” deperws the dynamic range of radar signatures in the
scene and on the digital coding used to creaténthge. Often SAR data are delivered in 32 or 1§ bi
per pixel, however many display and software paekamnly handle 8 bit range data. Ranges of 1&or 3
bits require high storage and processing capaciti@sher conditions (human eye resolution, display
and/or printing capacity, etc) make it more coneahnto transform the final data to 8 bit range stthese
data are expressed in a range from 0 to 255 gsmfsle The process of conversion to 8 bits is named
“scaling'.

Frequently additional radiometric enhancement tessary in order to use the full range (0 to 258)is
process, $tretching”, increases the image contrast allowing the betgéection of diverse features.

For SAR images calibrationin particular, 2 types of radiometric processiag be applied:

» Absolute calibration: establishes a relationdigépween the DN in the SAR image and the target
backscattering, independent of the time. It isdusben DN should be compared between 2 or
more images, for example for thickness (age) oicmaenvironmental effects, etc.

» Relative calibration: it establishes the samati@hship between DN and backscattering, but

only within the image. This results in a targetihg the same brightness regardless from where
in the SAR image it is taken.
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Generally radiometric calibration is carried outtret data acquisition facility.
3.2.7 Altimetry

Land and coastal altimetric information is of greasistance to the hydrographer. Description ef th
relief facilitates a clearer understanding of calbipography, islands, port and signal infrastrcet etc.
High resolution satellite systems allow the repn¢asion of relief by numerous diverse means. Rithse
the cartographic representation of relief has bgemerally via numeric modelling (Terrain Numeric
Model TNM) and its digital versions (Digital Elewat Model DEM or Digital Terrain Model DTM).

Procedures have been developed to process vayipes of data (space photography, VIR sensors, SAR,
altimeters), with different formats (analogicalgidal) and for diverse methods (shadowing, stergmgc
interferometry, polarimetry) taking advantage o thfferent characteristics of the sensors andntiages
(geometry, radiometry, phase), applying severadgygf technologies (analogical, analytic, digitaiyl of
processing (interactive, automatic).

Among the methods, stereoscopic ones have beea Wiush initially have spread more thoroughly for
cartography due to the precursor of well-develogtedeo air-photogrammetry (See 3.1).

Coming from the latest advances in the computerestevision, considerable advances have been
achieved in the satellite stereoscopy; additionaltjar image stereoscopy has had an important lsmu
in the last 20 years.

From the launching of the ERS-1, interferometrichtéques were extended using previously developed
parametric models. With the inception of the RADBYRI-1 in 1995, radargrammetry was consolidated
between the different methodologies for altimegqplication, using it alone or complemented witiRVI
images (Toutin, 2000).

e Stereoscopic methods

Stereo methods are similar procedures to those sed-photogrammetry (see 3.1.7), in which two
images are used for the construction of the thieelsional stereo model.

A digital stereo-plotter allows the measurementeatures using two floating marks (one for eacheste
pair image), which enable the views to be fusegite 3D cartographic co-ordinates (Toutin, 1995).

The processing of the stereo pair requires theotiskgital restitution equipment and specific saite.

At the present time compact systems exist, basdd@eomputers which allow the stereo restitution of
different digital images types (air, space, VIR,FA(Fig. 6.51)
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Fig. 6.51 "Digital stereo-plotter scheme"

There are a variety of combinations to capture bo#ges, which can be obtained in the same or agntr
directional passes, diverse angles of incidence, et

The HRV-SPOT established system has a mobile dewtalled in the optic equipment, which facilitate
the observation of the same area in successivepdsg). 6.52).

Left view Right view
Day i +4 pass Day i pass

\ I \

elevation -
1 rd

S v, ML reference surface
paralax -l e

Fig. 6.52 "HRV SPOT stereo aptitude"

The MOMS system allows the capture of images institee pass, by means of cameras in forward, after
and nadir directions. The serial images are talténtervals of 20 seconds, from three differemstwing
points (Fig. 6.53).

C-13



374

20 sec T Flight Direction

Fig. 6.53 "MOMS-02 stereo geometry (after DARA, 199)"

Another system is the new HRS (High Resolutioneftscopic) instrument in the SPOT-5 which has two
telescopes looking forward and after in the digcof the orbital trajectory.

The forward-looking telescope captures images dewing angle of 20° ahead of the vertical. Ninety
minutes later, the after-looking telescope acquinessame ground area at an angle of 20° behind the
vertical (Fig. 6.54).

To T+90s T+180s
starts acquiring firstimoge  switches fram forward o aft sensor  completes acquisition of second image

iy o 3

forward telescope »

[ aft telescope

max. distance 00 km
swath 120 km

previous image BaT ::;....-.e::hl:-*—, =
T & - g

S

Ione not Coverad 600 ko
— -

o e - - ! '.l'l'lage Pajr

Fig. 6.54 "HRS SPOT-5 stereo geometry (after SPOTAGE, 2002)"

C-13



375

 Radargrammetry

Radargrammetry is a technique similar to photogratryrwhich uses images obtained from the radar
signal. A pair of images is acquired and usingrtherrelation a DEM is generated. In this case, i
should be noted that the angle of incidence is ¢ementary to that corresponding to an optic image.
The absolute precision is of the order of the psieé. As with stereoscopy, diverse configuratiexist
(Fig. 6.55).
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Fig. 6.55 "Diverse SAR stereo configurations (aftefoutin, 2001)"

* Interferometry

With knowledge of phase of the radar signal, a oeamf phase difference and a channel of phase
coherence (constant phase angle) can be generdtesly are useful in interpreting the interferonetri
information.

Two scenes, taken during two close passes of tiedisaand at a distance called “base”, are rexglir
The base should be less than the maximum valuesndéapy on the frequency of the electromagnetic
wave and between to 0.5-1 km. The environmentabitions (wind, rain, etc.) should be as similar
possible as for both capture occasions.
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One of the scenes, the primary, is used as theerafe for the calculations. The other, the secondar
together with the primary is used to calculate anctel of phase difference, called an interferogramad,

one of coherence, which is an indicator of the de@f dependability of the phase measurements. The
phases should then be developed, adopting a resolnd transforming the fringes of the interfeeogr

in terrain level curves.

The problems of this method:

a. The measurement is ambiguous; since the phaseatiffe is know accurately but not the
guantity (number) of complete wavelengths to trstatice radar-target.

b. The phase depends on the radio-electric charaatsred the target. If they are modified between
the scenes, coherence will not be achieved. Howévihe fringes of the interferogram can be
correctly built, it indicates that the target hasained unalterable.

3.2.8 Cartographic application

Over the last decades the considerable potentiahtdlite images, especially in the optic domain f
cartographic updating, has been realised. Accgrtinthe ISPRS, the mapping requirements utilising
space images, can be divided in three categories:

* Planimetric precision;
» Altimetric precision;
» Detectability (Konecny, 1990).

The more demandinglanimetric precision is linked with the cartographic resolution of €2 mm,
which generates requirements for the scales (hi®jtore frequent of which are (Table 6.6):

D Planimetric Precision
25.000 +/-5m
50.000 +/-10m
100.000 +/-20m
200.000 +/-40 m
Table 6.6

Thealtimetric precision requirementlf), knowing that the equidistance (contour intef\a) is e = +/-
5 - h, is shown in the Table 6.7.

E H

20m +/-4m
50m +/- 10 m
100 m +/-20m

Table 6.7 (Konecny, 1990)
Thedetectability refers to the possibility of detecting objectstitg with the digital interpretation of the

images. It is a requirement that the object cowréeast 1.5 pixels, which creates to the follayin
minimum dimensions for detectable objects (Tab$.6.
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Object — Target Dimension
Urban infrastructure 2m

Land ways 2m
Drainage network 5m

Vial infrastructure 10m

Table 6.8 (Konecny, 1990)

Taking into consideration the main commercial $ié¢ebystems and the most common cartographic
scales, the following usage chart can be produtalié 6.9):

Satellite sensor Ground resolution Chart scale
QUICK BIRD 0.7m 1/3500
IKONOS 1-4m 1/5000 — 1/20 000
SPOT PAN 10 m 1/50 000
Landsat 7 ETM 15m 1/75 000
SPOT XS 20m 1/50 000 — 1/100 000
RADARSAT 1 SAR 8-30m 1/30 000 — 1/100 000
ERS SAR 30m 1/100 000
Landsat TM 30m 1/100 000
Landsat MSS 80m 1/250 000
SAC-C MMRS 175 m 1/875 000
Table 6.9
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MAIN PRESENT SATELLITE SYSTEMS AVAILABLE

The following systems list is not exhaustive. étalls some of the most regularly used systemsnidr
high scale cartography.

Satellite Orbit type, Scene area, Sensors
System/ Altitude, Ground Spectral bands
Series Recurrent period, |resolution,
Inclination Modes
Country
LANDSAT | Sun-synchronous | 185 x 185 km
705 km MSS: 80 m Multispectral Scanner (MSS)
USA 16 days Band 1: 0.5 - 0.@m (green)
98.2° Band 2: 0.6 — 0.7im (red)
Band 3: 0.7 — 0.8m (near IR)
Band 4: 0.8 — 1.um (near IR)
TM:30m Thematic Mapper (TM)
Band 1: 0.45 — 0.5@m (blue)
Band 2: 0.52 — 0.6@Am (green)
Band 3: 0.63 — 0.6Am (red)
Band 4: 0.76 — 0.90m (near IR)
Band 5: 1.55 - 1.7m (near IR)
Band 6: 10.4 — 12ibm (thermal IR)
Band 7: 2.08 — 2.3fm (mid IR)
ETM+: Enhanced Thematic Mapper (ETM#+)
SPOT Sun-synchronous |60 x 60 km High Resolution Visible (HRV)
832 km
France 23 days Multi Band (XS)
98.7° Band 1: 0.49 — 0.5@m (green)
XS:20m Band 2: 0.61 — 0.68m (red)
Band 3: 0.79 — 0.8Am (near IR)
P:10m Panchromatic (P)
0.51-0.73um
IRS Sun-synchronous | 148 x 148 km Linear Imaging Self Scanning (LISE-
900 - 904 km )]
India 22 days LISS-I: 73 m Band 1: 0.45 - 0.5@m (blue)
99.5° Band 2: 0.52 — 0.569m (green)
Band 3: 0.62 — 0.68m (red)
Band 4: 0.77 — 0.8am (near IR)
LISS-II: 36.5M | | inear Imaging Self Scanning (LISB-
1))
Consists of 2 cameras, same
above, with swath width 74 km per

camera (145 km together)
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Satellite Orbit type, Scene area, Sensors
System/ Altitude, Ground Spectral bands
Series Recurrent period, resolution,
Inclination Modes
Country
MOS Sun-synchronous | 100 x 90 km MESSR
909 km MESSR: 50 m |Band 1: 0.51 — 0.5@m (green)
Japan 17 days Band 2: 0.61 — 0.6@m (red)
99° Band 3: 0.72 — 0.8Am (near IR)
Band 4: 0.80 — 1.10 m(near IR)
JERS Sun-synchronous |75 x 75 km Optical Sensor (OPS)
568 km
Japan 44 days OPS: 18 x 24 m | Visible and Near Infrared (VNIR)
97.7° Band 1: 0.52 — 0.6@Am (green)
Band 2: 0.63 — 0.6Am (red)
Band 3: 0.76 — 0.8am (near IR)
Band 4: 0.76 — 0.8am (near IR)
Short Wave Infrared (SWIR)
Band 5: 1.60 — 1.7Am
Band 6: 2.01 - 2.1gm
Band 7: 2.13 — 2.1fm
SAR:18x18m Synthetic Aperture Radar (SAR)
1.275 GHz (L-Band) HH
ERS Sun-synchronous |AMI works in|Active Microwave Instrument (AMI)
777 km three modes. Synthetic Aperture Radar (SAR)
Europe 3 - 35 days In Image mode: |5.3 GHz (C-Band) VV
98.5° 100 x 100 km
30 x 30 m (3Incidence angle fix: 23°
looks)
RADARSAT | Sun-synchronous | Several modes |Synthetic Aperture Radar (SAR)
798 km 5.3 GHz (C-Band) HH
Canada 3 - 24 days In standard mode:
98.6° 100 x 100 km Incidence angle selectable:

30 x 30 m (3
looks)

In fine mode:
50 x 50 km
11 x8 m (1 look)

In standard mode: 20° — 50°
In fine mode: 37° — 48°
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Satellite Orbit type, Scene area, Sensors
System/ Altitude, Ground Spectral bands
Series Recurrent period, resolution,
Inclination Modes
Country
IKONOS Sun-synchronous | Several incidence
681 km angles Band 1: 0.45 - 0.5@m (blue)
USA 1-3 days Band 2: 0.52 — 0.6m (green)
98.1° Multi-band: 4 m

(with nominal
angle 26°)

Panchromatic:1
m (with nominal

Band 3: 0.63 — 0.6Am (red)
Band 4: 0.76 — 0.9(m (near IR)
Panchromatic band: 0.45 — 0,9

angle 26°)
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ACRONYMS
AIRSAR AlIRborne SAR sensor, (J P L)
ASPRS American Society for Photogrammetry and RerSensing
AVHRR Advanced Very High Resolution Radiometer
CCD Charge Coupled Device
CCRS Canadian Centre for Remote Sensing
DGPS Differential GPS
DLR German Aerospace Research Establishment
DN Digital Number
DTM Digital Terrain Model
EDM Electronic Distance Measurement
EODM Electro-Optic Distance Measurement
ERS European Remote Sensing Satellite
ESA European Space Agency
ETM Enhanced Thematic Mapper
GALILEO European (ESA) Global Positioning Satell@gstem
GBAS Ground Based Augmentation System (ReferenceteBy for differential satellite
positioning)
GCP Ground Control Point
GIS Geographic Information System
GLONASS Global Navigation Satellite System (Russia)
GNSS Global Navigation Satellite System (GPS H@&EO + GLONASS)
GPS Global Positioning System (USA)
HRV High Resolution Visible
IFOV Instantaneous Field Of View
IHO International Hydrographic Organization
IHS Intensity Hue Saturation
IR InfraRed
IRS Indian Remote Sensing satellite
ISPRS International Society for Photogrammetry Bethote sensing
JERS Japanese Earth Resources Satellite
JPL Jet Propulsion Laboratory
KFA 1000 Kosmologisher Fotoapparat with 1000 mmafdength
LASER Light Amplification by Stimulated Emissiori Radiation
Lat Latitude
Long Longitude
LUT Look-Up Table
MSS MultiSpectral Scanner
NHO National Hydrographic Office
NOAA National Oceanic and Atmospheric Administoati
pp. Pages
PAN Panchromatic
ppm Part per million (1 x 19
RBV Return Beam Vidicon
RGB Red Green Blue
RS Remote Sensing
RSI RadarSat International
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RTK Real Time Kinematic (Precise GNSS rapid me}hod

S-44 Special Publication 44 (IHO Standards for tdgdaphic Surveying)

SAR Synthetic Aperture Radar

SBAS Satellite Based Augmentation System (Referepgstem for differential satellite
positioning)

SPOT Satellite Pour I-Observation de la TerrariEe)

SSMI Special Sensor Microwave Imager

™ Thematic Mapper

USFAA United States Federal Aviation Association

UTM Universal Transverse Mercator

VIR Visible and near InfraRed

WAAS Wide Area Augmentation System

WGS World Geodetic System

WGS 84 World Geodetic System 1984

XS Multispectral
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“Satellite Geodesy” W. de Gruyter Berlin (Germany)
New York (USA)

“Satellite Geodesy". Ed " Walter de Gruyter (Berlin - NY)

“Geodesy” W. de Gruyter Berlin (Germany)
New York (USA)

“The Evolution of an Object - Oriented  Bulletins Hydr. Int. Jul. Aug. - Sep;
Geospatial Information System SupportinglO, Monaco
Digital Nautical Chart Maintenance at the

NIMA”

“Evaluation de la précision géométriquéournal Canadien de télédétection,
des images de RADARSAT” 23(1):80-88.

“Single versus stereo ERS-1 SAR imagefgternational Journal of Remote
for planimetric feature extraction” Sensing, 18(18):3909-3914.
“Value-added RADARSAT Products f@anadian Journal of Remote
Geoscientific Applications” Sensing, 23(1):63-70.

“Generating DEM from stereo images EARSeL Journal Advances in
with a photogrammetric Remote Sensing, 4(2):110-117.

approach: Examples with VIR and SAR
data”

“Elementary Surveying'® Ed. ” Harper Collins College Publishers
New York (USA) There is available
also a Spanish version "Topografia”,
Alfaomega, México (1998)
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URL ADDRESSES
COUNTRY INSTITUTION WEB SITE

European Space Agency http://lwww.esa.int
International Society on http://www.isprs.org
Photogrammetry and Remote
Sensing
Fédération Internationale de http://www.Fig.net
Géometres
International Association of http:/iwww.gfy.ku.dk/iag/
Geodesy

Argentina Comisién Nacional de Actividades http://www.conae,gov.ar
Espaciales

Austr. — N.Z. | Australian - New Zealand Land | http://www.anzlic.org.au
Information Council

Australia Commonwealth Scientific & http://www.csiro.au
Industrial Research Organization

Australia Surveying and Land Information | http://www.auslig.gov.au
Group

Bolivia Centro de Levantamientos http://www.clas.unmss.edu.bo
Aeroespaciales y SIG

Brazil Instituto Nacional de Pesquisas | http://www.inpe.br
Espaciais

Canada Centre For Remote Sensing http://www.ccrs.nrcan.ca

Canada Radarsat International http://www.rsi.ca

Canada Geodetic Survey http://www.geod.emr.ca

Chile Agencia Chilena del Espacio http://www.agenciaespacial.cl

China China Academy of Space http://fas.org/nuke/guide/china/contractor/cast.
Technology m

France Centre National d'Etudes Spatialesttp://www.cnes

France Group pour le Développement de| lattp://www.gdta.fr
Téledetection Aerospatiale

Germany Institute fur Erdmessung, Hanoverhttp://www.ife.unihannover.de
University

Germany Institute fur Angewandte Geodasignttp://www.gibs.leipzig.ifag

Germany Karlsruhe University http://www.ipfr.bau.verm.uni.karlsruhe.de

Germany GPS Information Bulletin Board | http://www.gibs.leipzig.ifag.de

System
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COUNTRY INSTITUTION WEB SITE
Germany Deutsches Zentrum fir Luft und | http://www.dlr.de
Raumfahrt
India Indian Space Research Organizat|drtp://www.isro.org
Italy Agenzia Spaziale Italiana http://lwww.asi.it
Japan National Space Development http://www.nasda.go.jp
Agency
Russia Russian Space Science Internet | http://www.rssi.ru
Spain Instituto Nacional de Técnica http://www.inta.es
Aeroespacial
Spain Org. for Cartography and Geodesyhttp://www.cartesia.org
Spain Valencia University http://www.miranda.tel.uva.es
Switzerland Astronomical Institute Berne http://www.aiub.unike.ch
University
UK Nottingham University http://www.ccc.nottingham.ac.uk
UK British National Space Centre http://www.bnsc.uk
USA Ohio State University (Centre for | http://www.cfm.ohio.state
Mapping)
USA Maine University http://lwww.spatial.maine.edu
USA Geological Survey (EROS) http://edc.usgs.gov
USA Earth Observation Handbook http://www.eohandbook.com
USA Goddard Space Flight Centre http:/www.gsfc.nasa.gov
(NASA)
USA Nat. Ocean. And Atm. Adm. Centrghttp://www.lib.noaa
Library
USA Nat. Aeronautic and Space Adm. | http://www.nasa.gov
USA National Oceanic and Atmospheri¢http://www.noaa.gov
Adm.
USA Geological Survey http://www.usgs.gov
USA Professional Survey (review) http://www.profsurvey.com
USA Department of Defence http://www.defenselink.mil
USA National Geodetic Survey http://www.ngs.noaa.gov
USA Institute of Navigation http://www.ion.org
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COUNTRY INSTITUTION WEB SITE
USA Jet Propulsion Laboratory http://www.jpl.nasa.gov
USA Naval Observatory http://www.usno.navy.mil
USA GPS Interface Control Document | http://www.navcen.usc.mil/gps
USA Interagency GPS Executive Board http://www.igeb.gov
USA Texas University http://www.host.cc.utean.edu
USA GPS Nav. Inf. http://www.navan.uscg.mil/gps
USA California - Los Angeles University http://www.cla.esc.edu
USA American Society for Photogr. and http://www.asprs.org
R.S.
USA National Imagery and Mapping http:/lwww.164.214.2.59
Agency
USA GPS issues http://www.206.65.196
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CHAPTER 6 — ANNEX A
ALGORITHMS FOR THE TRANSVERSE MERCATOR REPRESENTATI ON

1. PRESENTATION

The Mercator Transverse Representation (see chap#b.4 and 2.5.5) is a useful medium in which to
transfer geodetic co-ordinates (latitude, longijudehe plane. The use of plane co-ordinate% { or N

& E) with small corrections related to the measurestadices and angles is suitable for topographic
survey purposes and also for some detailed hydpbigaurveys.

2. GEOMETRIC GEODESY AND MATHEMATICAL CARTOGRAPHIC CON CEPTS

Before the study of these concepts, the readerldhmel familiar with Chapter 2: 2.4 and 2.5, with
particular attention to subparagraphs 2.5.4 and2.5

Taking the earth rotation ellipsoid as the refeeesgrface, witha semi-major (equatorial) axis ani’
semi-minor (polar) axis, it is possible to define:

f = a-»b (flattening, also described ag™in chapter 2: 2.2.3)
a
m (first excentricity, also described & in chapter 2: 2.1.1))
€E=
a
Jaz - b2 (2", excentricity
€= ———
b

with elemental algebraic procedures it is feadibleerify the following relationships:
f(2 - f) = 2
(1-f)2 =1-¢2

with the described constants, the computation efcilrvature radius and arcs of lines on the eligzso
surface are possible:

M =a(- f)q1- f (2- f)sin2g]** = a(l- £2)[1- £2sin?g| ?
N =afl- f (2- f)sinzg]™? = a1 - £2sin2g] ™
r =N cosgp
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AplZ = r(/12 _/]1)
B=[Mdg =ap + Ssin2g +ysindg + 3sinbg +...

where (see Fig 6A.1):

M - Meridian curvature radius

N - Normal (to the meridian) section curvature vadi

R - Parallel curvature radius

¢ - Geodetic (ellipsoidal) latitude

Apy,- Parallel are between longitudesandA, at latitude, A, - A1) expressed in radians
B - Meridian arc from equator to tijelatitude (for the first term a¢ (alpha, phi)$ (phi) should
be expressed in radians)

a= a(1l-1/&2 - 3/64¢*- 5/256¢€°) = a (1-f)2 (1 + 3/2f+ 33/16 f2 + 85/33) f
B=-a( 3/&2+3/32¢" +45/1024° = -a/2(1-)2 (  3/2f+ 3 2 + 285/8)

y= a( 5/256 + 45/1024%) = a/4(1-f)? ( 15/16 2 + 75/3F)
d=-a( 35/308"% = -a/6(1-f)? ( 5/84 f)

PoO=N
PoR=M
N> M

Fig. 6A.1

The following table contains the described constémt two commonly used ellipsoids with the Q value
(meridian arc, B, from equator to the pole) added
/2

Q=] Mdo
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ELLIPSOID MADRID 1924 WGS 84
A 6378388 I 6378137 m
F 1/297 1/298.2572236

e2=f2-1 0.0067226722 0.0066943800
a 6367654.500 m 6367449.146 m
B -16107.035 m -16038.509 m
y +16.976 m +16.833 m}
0 -0.022 m -0.022 m
Q 10002288.30 m 10001965.73 m

The mathematical form to generate a representafitire ellipsoid on the plane is:

and these formulae provide the properties for trasmsformation.

X=X (b, A)
y=y©®,A)

For a conformal or othomorphic

representation it is necessary to replace theautiitwith a new variable called "isometric latituds"

"meridional part"

s M
=|—-70Hd
a JONcosq) ¢

The origin of this function is the MERCATOR reprataion of the earth ellipsoid on the plane, stayti
from a circular cylinder whose axis of orientatiomincides with the semi-minor axib’‘of the rotation
ellipse and the surface tangent to its respectivator (See Fig. 6A.2)
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Taking the ¥’ axis with the projection of the longitudinal oitigmeridian § = 0) on the cylinder, with y
= 0 for¢= 0 and thex’ axis representing the equator, with x = 0 for 0, it is possible to show:

X =aA

(isometry on the tangent line = equator) but, is ttase, they’ should satisfy the following differential
rate (see Fig. 6A.2)

dy dx —m
Md¢d Ncos pdA

wherem is coincident wittm, given in 2.4, chapter 2. Also:

dy ~ adA _ a
Mdd NcosdpdA Ncos¢d

=m
and

v M
—al —dp = a
y IONcoscb ¢ a

solving the integral it is possible to express:

_ 1-¢£sing i n.¢
4= anh £sin¢] tg(4 * 2}]

Fig. 6A.3 shows a partial representation of theidmens and parallels grid and also of a geodetie li
(minimum distance track over the ellipsoidal suelaemong points A and B for this transformation
(x=2a\,y=aq)
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M 100" A GO* A 20" M 23" A=080" Ao 100"

o no=

ke

l 5 ao"

¥

Fig. 6A.3

Algorithms based in these principals, but with othgsumptions, are useful for nautical charting,fou
further deliberations in this annex it is suffidiéo remember that:

X = aA

y =aq

» M
=|——d
q JONcosq)

is a conform transform of the ellipsoid to the @aim conclusion the principals of the analyticaidtions
is applicable:

y +ix=f(q+iA) (2.1)
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(takingy to the north ana to de east) where i = (‘) and the Cauchy - Riemann conditions should be
satisfied:

ay _ ox
0q OA

ox _ oy
oq oA

this is possible becausgA andx, y are two plane co-ordinate pairs.

For a better comprehension of this subject, coasah of a mathematical text in complex variabled a
their application to conform transfer between tieme domains is recommended.

The general relation 2.1, the Cauchy - Riemann itond and the following considerations are vald f
all conformal transformations (not only for the ciélsed Mercator expressions).

Other mathematical formulae for the generic confdrrepresentation come from differential expression
ofx=x@,A)andy =y, A):

9 9
dax = | 2 ldo +[ 2 |aa
30 A
9 9
dy = s do + Yy dA

o0 oA

when¢ = constant (parallel arc), the square of the pldifferential distance dx? + dy? gives, with the
correspondent ellipsoidal element (N dodA) the square of linear deformation rate:

o (oY
OA OA

m2 =
N2 cos 2¢

and also foi = constant and elementary meridian arcdJidsues:
2 2
0X 0
o LY
of of
M?2

m2 =
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is also valid:
oy () (), (%
o 0o 0p) _ (oA )
M? N2 cos 2¢

(2.2)
Arising from the same differential expressions taldng the rates:

dx

(for ¢ = constant)
dy
dy (for A = constant)
dx

it is possible to obtain the grid declination formulas f is the angle between the cartesian axis and the
lines of the respective meridians and parallelsasgntation -see Fig. 6A.4)

constiand
{mearidian)

- = constam
/ {parallel)

parallel toy axs

parallel o x axs

Fig. 6A.4
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o) (o
a0 oA
t = =
a0 oA

(2.3)
in these formulae the sign pfor tgy) is not considered.

3. GAUSS-KRUGER FORMULAS

To start in the development of conformal repregemawith minimum deformation upon a NORTH -
SOUTH strip, an elliptical cylinder tangent to aatral meridian will be assumed (see Fig. 6A.5).

i ‘ __'__,.-""'",II Y
i 2 [ i 1 = T 2
l'. ! |' |I Y I| Ui _IL —-|'1.
\ | | 1
A Py \ ] | [ | f—*
e SRR b = - | | 1 |
[\ v | 7 [ e
k \ J} T
\__\ _|;_ o I:'-.__““_F- - | i 1. 1III o :"'--_.__' .y
et T4
1
Fig. 6A.5

A more extensive representation of the meridiamsgarallels grid is given in Fig. 2.6 (2.5.4 Chaie
but for the following consideration we start fronetformer Fig. 6A.5.

For this case, the 2.1 formula will be transforrasdollow:
f(g+il) =y +ix
wherel is the longitude referred to the central meridian:

1 =A - Ao (2.4)
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Adopting a Taylor series development of the funtigsues:

d2f (2 d°f (ir) , d'f (it) .
dgz 22 dg° 3 dg* 4

f(q +il) = f(q) + df(n) +
dq

and separating the real and imaginary parts pradtice generic expressions for the conformal
representation of the described strip

— daf 12 4 4
x = (q) _(efP RCAL
dg?) 2 dq* ) 24

(df} d*f \ P
y = — (O + — 4+
dq dg’® | 6

Taking the equidistance along the central meri@m=D) it is correct to take:

y(i =0) =f(q) =B = ['Md¢

and then:
df
— =M
do
also, remembering that:
4° -[0 Ncos ¢ a0
it is possible to obtain:
dp Ncos¢
dg M

and also:

HEEER
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Coming from these principals it is possible to abthe following derivates

y=B+ Ns'ngcow 12+ Ns'ng:°§¢ (5-tg2p + o2+ an*)m+...

x=Ncosgl +

N%Sw(l—tg% +72)0° + ..

(2.5)
WhereB andN are given in the formulae at beginning of 2 (iis thnnex) andn? is:
f(2 - f)

2 =¢g%cos2p = " cos?
" b= oSS

| is given by (2.4) and for its application in (2€jould be expressed in radians.

With the consideration of (2.2), (2.3) and (2.4)nes also:

y =singl +...

:1+w|2+"':1+£+-" (26)

Where:

_ _ al-f)
R_JMN_h—fQ—fmm%]

(R is the best spherical radius suitable to the siigh atd latitude)

For the inverse computation (to obtgiyA arising fromx, y) the following formulas are useful:

tgzq)l X2 tgq)l 2 2 X4
=0, - + 5+3tg29, +n2 - 9n°tg? + ...
6 =0~ (MlNJ o ( 92, +n? - 9n? tg 29, viv:

= X (1+2tg2p, +n: L3+
N, cos 2, 6cos ¢, N

1

2.7)

A=A+
whereg, is the latitude that made possiblepBE y

The representation with these algorithms was aglilieGAUSS at beginning of the XIX century for the
HANNOVER Kingdom. 100 years after this, Dr. L. KBER made an explanatory analysis and
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extension of the expressions applying severalstopGermany. Also similar criteria were extended
other countries.

With the tangent cylinder, where m = 1 by the canineridian of the strip, the zone width should be
smaller than 200 km each side because in this ttesdéinear deformation rate (m = 1 + x%/2R2 +..)
overcomes the 1.0005 value, thisis 0.5 min 1 km.

With this limitation, the use of these plane coipates is very convenient for topographic charting
purposes and also for many control networks contjpui® For better results, a correction to the
measured elements should be made (see 2.2.5 apteCl).

4. GENERAL TRANSVERSES MERCATOR REPRESENTATIONS (See 2.5.4 and 2.5. at
Chapter 2)

The Gauss-Kriliger representation, after World Wawas also called TRANSVERSE MERCATOR and
it was utilised increasingly in many countries. r Fois reason, several constants and coefficiert® w
adopted; folN (North co-ordinate) anB (East co-ordinate) are valid:

N =Y, +Ky

E = X, +Kx

and, consequently (2.8)

X2
m=K|1+ — +..
2R?2

K is a coefficient (below 1) to reduce the lineafodeation rate and allows the zone width extengicn
300 km each side of central meridian), particuladdy topographic charting in scales smaller than
1:100000 (1:200000 ...)

Yo is called FALSE NORTHING,
Xo: FALSE EASTING
K: SCALE FACTOR AT CENTRAL MERIDIAN

the application oK coefficient makes on the central meridian, it aymes a negative linear deformation,
i.e. for K =0.9998, the ellipsoidal distances caats 20 cm/km and the isometric lines are transfein
two parallel lines to the described meridian imagéis tangent surface is replaced by a secamtieti
cylinder.

For the U.S. world wide Universal Transverse Meaycdrid System (UTM) the following values are
adopted:

C-13



402

K =0.9996
Y, = 0 or 10000000 (for North or South Hemispherg@eesvely)
Xo= 500000 for each central meridian

and the zones are distributed at 6° longitudealer according to the following table

ZONE (2) CENTRAL MERIDIAN APPLICATION RANGE
(LONGITUDE) (LONGITUDE)

31 3° 0°t0 6
32 9° 6° to 12°
50 117° 114° to 120°
60 177° 174° to 180°
1 183° (-177°) 180° to 186° (-174°)
20 297°(-63°) 294° (-66°)to 300° (-60°)
29 351° (-9°) 348° (-12°) to 354° (-6°)
30 357° (-3°) 354° (-6°) to 0°

The Zone number (Z) may be computed starting froendentral meridian longitude with the following
formulae:

(East Hemisphere)

CM + 3
Z=30+—— "

(West Hemisphere)

183 + CM
2T e

in the second formula (West), the negative valueheflongitude (of the central meridian) should be
taken.

There are many software programs to solve the lzdion of Transverse Mercator transformation, with

the algorithms described in 3 and 4. of this Anr@xgther alternative mode. However it is deskdol
have good subject knowledge of the nature of tieali deformation rate.
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In many cases it is suitable to select the gerierahsverse Mercator scheme adopted for the country
representation but in particular cases there aaaads to select the better plane representatiareguoe.

For this purpose, it is important to remember that Transverse Mercator representation is partigula
suitable for application in a North - South strig)ere the West - East width is less than 400 knd (20

to each side of the central meridian).

After the selection of the central meridian, takiimgp account the reduction of any distance for the
selected area to this line, there is still the ity of choosing aK coefficient (see formulas 2.8) for a
better linear deformation rates distribution in ti@ole representation domain.

For topographic purposes, included coastal delimeagids to navigation positioning, inshore featur

descriptions and special harbour surveys, a lidefmrmation rate under 0.2m/km is better; thisnms °
values between 0.9998 and 1.0002.
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CHAPTER 6 - ANNEX B
(COMMERCIAL EQUIPMENT EXAMPLES)

1. INTRODUCTION

In this Annex, is list of addresses, telephone remmband web sites of some of the providers of
equipment used in topographic and remote imageryeging. However the analysis of commercial
booklets or web pages is the recommended way gfikgeabreast of the available technology, price
information and future product launches.

In ground survey systems, there is a wide divexditiptal stations (a combination of theodolitestdnce
measurement, data storage and computing) availalsie,of self aligning levels with digital readio

bar coded stadia and processing software. In phatogetric data acquisition equipment there is aewid
choice of cameras, both analogue, digital andudfinf GNSS positioning, films, scanners,
stereoplotters, image stations and specific soéivi@ar digital processing and orthophoto elaboratitine
Geospatial media gives a lot of possibility for gwot elaboration and access to images and image
products through WEB servers.

2. ADDRESSES AND WEB PAGES

Below is a list set of companies or institutionattprovide equipment, products and services related
the subjects covered in the CHAPTER 6, it is bymmeans exhaustive and it is hoped that in future

versions of this manual a more comprehensive dirgehay be created.

INSTITUTION EQUIPMENT, ADDRESS/COUNTRY WEB SITE
NAME PRODUCTS or E-MAIL
OR SERVICES
AGFA GEVAERT | Photogrammetric Films B-2640 Mortsel www.agfa.com
BELGIUM
ANEBA, Topographic software | Nicaragua 48. 2°, 6° www.aneba.com

Geoinformatica

(CARTOMAP)

08029 - Barcelona
SPAIN

ASAHI PRECISION

Theodolites, Levels,
Total Stations (Pentax)

2-5-2 Higashi Oizumi
Nerima-ku, Tokyo JAPAN

WWW.pentax.co.jp
|

CLARK LABS Cartographic Software,| Clark University 950 Mainhttp://www.clarklabs.org
GIS (IDRISI) Street
Worcester, MA 01610-
1477
USA
EARTH imagery products and | 4370 La Jolla Village WWW.ermapper.com
RESOURCE software for GIS Drive suite 900 San Diegpwww.earthetc.com
MAPPING database CA USA
(ERMAPPER)
ERDAS Images Processing USA www.esdas.com
software
ESRI GIS (ArciInfo, ArcView)| USA WWw.esri.com

info@esri.com
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INSTITUTION EQUIPMENT, ADDRESS/COUNTRY WEB SITE
NAME PRODUCTS or E-MAIL
OR SERVICES
EURIMAGE Imagery Products Viale e. D’Onofrio 212,
00155 Rome, ltaly
GARMIN Int. GPS Navigators 1200E 151 st., Street | www.garmin.com
Olathe, KS 66062 — USA
GEOMATECH Geomatics, GIS and |2, rue Philippe Lebon, BR geomatech@wanadoo.fr
cartography services and02, 44612, Saint Nazaire,
assistance FRANCE
GODDARD SPACE | Remote Sensing USA http://www.gsfc.nasa-goy
FLIGHT CENTER | Assistance
Hewlett-Packard Hardware USA www.hp.com

Institute Cartografic
de Catalunya

Cartographic,
geomatics,
photogrammetric and

remote sensing service

Parc de Montjuic s/n,
08038 Barcelona, Espaifi

S

WWW.iCC.es
;1

INTERGRAPH
CORPORATION

Soft/Hardware and

images for Cartographi

processing

P.O. Box 6695

cMailstop MD IW17A2
Huntsville Al 35894-6695
USA

http://imgs.intergraph.com
www.intergraph.com

ISM Europe S.A.

Photogrammetric

software and hardware

and services.

Passeig de Fabra i Piug
46, 08030, Barcelona,
ESPANA

sales@ismeurope.com
WWw.ismeurope.com

ITC

Photogrammetric and

Cartographic assistanc

Hengelostraat 99
bP.0O BOX 6
THE NETHERLANDS

www.itc.nl
ilwis@itc.nl

KODAK, GR-OUPE
ALTA

Films for
Photogrammetry GIS,
Cartography, Remote

Hant Monts Inc
3645, Boulevard Sainte-
Anne Beauport (Quebec)

www.kodak.com
www.mb-gepair.com
www.groupealta.com

processing CANADA G1E3L1
LEICA Total Stations Levels, |CH.9425 Heerbrugg www.leica-
GEOSISTEMS AC | Theodolites, GNSS, SWITZERLAND geosistems.com

Photogramm. Cameras|,
Stereo plotters, Scanners

MAPINFO

Software for
Cartography,
Photogrammetry and
GIS

USA

www.mapinfo.com

Microlmage, Inc

Software, Image
processing
TNT MIPS software

11™. Floor, The Sharp
Tower

206 south 148 street
Lincoln. NE
68508-2010 USA

Www.microimages.com

OMNISTAR, INC.

Worldwide (satellite

based) DGPS Service

8200 Westglen Dr.
77063-Houston, TX USA

WwWw.omnistar.com

PClI GEOMATICS

Software for
cartography and GIS

50 west Wilmon Street,
Richmond Hill, Ontario
CANADA L4B1M5

WWW.pci.on.ca
sales@pci.on.ca
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INSTITUTION EQUIPMENT, ADDRESS/COUNTRY WEB SITE
NAME PRODUCTS or E-MAIL
OR SERVICES
P.GEERDERS Marine and coastal Kobaltpad 18, 3402 JL, |pgcons@wxs.nl

Consultancy

remote sensing
applications services

lisselstein,
THE NETHERLANDS

plaza.wxs.nl/pgconsult/

RADARSAT Images and Image CANADA WWW.rsi.ca
International Products.

RESEARCH ENVI Software USA WWw.rsinc.com
SYSTEMS

SITEM S.L. Photography and Arag6 141-143, 08015 |www.sitem-

satellite image
processing, Digital
Elevation Models

Barcelona, ESPANA

consulting.com

cartography
SOKKIA CO.LTD. |Total Stations Level, |20-28, ASAHICHO 3-C |www.sokkia.co.jp
Theodolites HOME,
MACHIDA,TOKIO,194-
0023 JAPAN
SPOT Image Remote Sensing Images;RANCE http://www.spotimage.co
Products, etc. m
THALES GNSS 471 EI Camino Real Santavww.ashtech.com
NAVIGATION (ASHTECHMAGUELL | Clara, CA 950050 — USA
AN)
TRIMBLE GNSS, Total Stations, | 645 North Mary Ave. www.trimble.com
NAVIGATION Theodolites, Levels, Sunnyvale, CA 94088-
geodetic and topo- 3642 USA
cartographic software
XYZ Sistemas Cartographic and data | Av. Infantes 105, 39005 | www.imapper.com

Industriales S.A.

base handling for their
use with Internet
Mapper application

Santander, Cantabria.
ESPANA

Z/1 Imaging
Corporation

Cameras, Scanners,
Stereo-plotters, GIS

301 Chochran Road, Suit
9 Huntsville AL USA
35824

avww.ziimaging.com
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