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PART 1 INTRODUCTION



INTRODUCTION TO METRIC SUR'EY FOR HERITAGE DOCUMENTATIN

This resource is a teaching aid for the applicateord we collect from the historic environment. In metric THE CONSERVATION CYCLE & HERITAGE
procurement of metric survey (sometimes referred to asurvey this process is typically controlled by a briei arDOCUMENTATION

measured survey) for heritage documentation. Thapecification rather than by the inquiry driven cemns Heritage documentation and understanding are an
document is focussed on the application of thes#f thematic investigators. The surveying of ouritege integral part of the conservation process. The
techniques to built heritage, although metric survegstate is a crucial part of our curatorial role in cagifor conservation process can be seen as a four-step

techniques are successfully applied elsewhere. it. cycle, each step informing the next. The basic
The metric survey techniques covered in this resource premise of the conservation cycle is that to
are: Metric survey forms the base map upon which ousuccessfully manage and conserve the historic
1. INTRODUCTION & KEY CONCEPTS conservation actions are recorded and planned; tsnvironment it must be understood. Heritage
2. DRAWING mapping the historic environment it can be managedpcumentation is essential because it provides the
3. INSTRUMENT (EDM) SURVEY conserved, and enjoyed. Just as an unfamiliar gguim data for recording condition, understanding,
4. RECTIFIED PHOTOGRAPHY best begun with a map, so the understanding nedded interpretation and action.
5. PHOTOGRAMMETRY exercise our responsibility to conserve is best founded
6. GPS on a metric basis. 'Metric survey' is the term used Evaluation of

The aim is to provide a base resource for those whimternationally (CIPA, Bohler et al, 1997) to deiber the authenticity

need material to teach the application of metricngey application of precise, reliable and repeatablehuds of
techniques in heritage conservation. measurement for heritage documentation. It is different
from investigative processes which use the term survey
to describe a method of inquiry. Survey in generatl an

significance & value

METRIC SURVEY TECHNIQUES

Metric survey is the use of precise :_;md_ repeatz_ibmetric survey in particular, follows conventionsath ”;;’jf;"j;‘g Diagnosis:
measurement methods to capture spatial informatiofq,ence the selection and presentation of meagure intervention Understanding &
The acquisition of the right survey for the righbst at data. For example, the concepts of plan, section anﬁ(n's:::::i:::'ln::afe assessing condition
the right time is a process that requires an appagion elevation have been inherited from the 2D convenso

of the balance between the three key elements of th@f the architectural practise and the developmefinew

SUIVEy process. methods of 3D data capture has put these conventions Intervention

i Therapy/
f hSAIIEEI_AIES(;JTFTg'l:IAENT under some stress. It is hoped that the examplesva Ame:;ifion
|

_ here will reinforce the necessity of respecting the
i COMMUNICATION /PRESENTATION conventions that have served architecture so well for

i i i Fig 1.1 The conservation cycle. After K. Van Balen
The interaction between the surveyor and the subje€t optimum transmission of information. g Yy

the survey is a process that influences the infaiora




HERITAGE DOCUMENTATION

TYPES OF METRIC SURVEY Metric survey technigaeiss, at points in time and it is an essentialtpHrthe What is less well known is that metric imagery has
can be divided into two group#directinddirect conservation process.' a great value for the reinstatement of lost spatial
information. Since the pioneering work of the
INDIRECT TECHNIQUES (such as photogrammetry and!E VENICE CHARTER of 1964 states: Article 16. In @ ssjan architect Albrecht Meydenbauer in the
Laser scanning) are used when there is a need M§Prks of preservation, restoration or excavatiorhére |ate 1850s there has been no dispute over the
undifferentiated metric data OR when the size okthShould always be precise documentation in the form Qferit of the controlled stereo-photograph as a
subject and its scale of representation require a higifialytical and critical reports, illustrated with drawinggimary ante-disaster tool: the restitution of

density of point capture. and photographs. Every stage of the work of clearingispiaced material by anastylosis is massively
consolidation, rearrangement and integration, as well #proved with the use of ante-disaster stereo
DIRECT TECHNIQUES (such as EDM, GPS and drawiteghnical and formal features identified during the coursg.,ds. The acquisition of ante-disaster data sets

where interpretation and selection are made at theint of the work, should be included. This record should be long-term benefits that cannot be overlooked
of capture are useful where the expertise of a user gaced in the archives of a public institution amdde ,hen making assessments of risk to valuable and
incisive to the out come of data collection. Directavailable to research workers. It is recommended tha}Freplaceable historic fabric.

techniques like EDM and GPS survey rely on thike report should be published.’

surveyor understanding the extent and depictionté

subject to be mapped at the time of survey. This is a refinement of the obligation to ensuraVHY USE METRIC SURVEY?

documentation as an active part of works to histori Man's memory is not perfect; man's perception is
HERITAGE DOCUMENTATION is a continuousfabric as expressed in the Venice Charter. The neefds wot perfect. Detecting change and informing
process enabling the monitoring, maintenance akfe conservation cycle will require re-examination of thections is rarely possible without measurement or
understanding needed for conservation by the supply @ietric record at the monitoring and re-evaluationprecise information. When faced with the
appropriate and timely information. Documentatioa istages. This means metric survey must be archivedriacessity to document our historic estate the
both the product and action of meeting the infornmt anticipation of future uses beyond the immediate. Digitddcus must be on meeting the needs of research,
needs of heritage management. It makes available a redtgja sets, despite all their advantages, are vulnetableanalysis and conservation. A good set of sketches,
of tangible and intangible resources, such as metimproper storage environments, system dependence aptiotographs and a written description are all vital
narrative, thematic and societal records of culturdbrmat compatibility. Therefore the brief for theusvey to understanding a structure or site: opinions can
heritage. Survey is a key aspect of heritageeeds to address not only immediate but also long terie formed, theories tested and diagnostic details
documentation as recognised by the ICOMOS geneta requirements to maximise its life and utility. recorded, all without measurement. It is when the
assembly at Sophia in 1996: 'Recording is the capmitfi components of a conservation team need to work
information which describes the physical configiorat ANTE-DISASTER RECORDING The power of theogether that a common metric data set is needed
condition and use of monuments, groups of buildiagd image as a documentary resource is well understoodnd measurement thus becomes the link in the



conservation cycle. The conservation process requirsgnificance, condition and interventions requirisda To use an appropriate technique it is essential to
information at all stages: metric survey has theaadage team task that demands the cooperation of specialists tmderstand its performance, its required end use,
over non-metric information in that it can be re-ed at be effective. Metric survey is one of many tools to béhe precision expected and the resources available.
each stage. A good example of this would be wsed in organising knowledge in the conservation dhere is no simple formula that will determine

photogrammetric survey that is acquired in thderitage places. which survey technique should be used where,
evaluation phase. It may be subsequently plotted fo however there is a relationship between the scale
mapping condition and active erosion sites, later used Bee also: Understanding Historic Buildingde®ncgmod required, the selection of data and the desired

fagade repair scheduling, then archived and inspeat@d &ecording Practice, English Heritage, 2005;

output. If the object is small and relatively few

pre-intervention record. Metric information is onkind Informed Conservation 7.3.2 p77 Clark, K, Ergflitslgéd points need to be recorded to describe it (e.g. a

of information needed by the cycle: understanding t#901. ISBN 1 873592 64 7
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single block or brick) it can be measured by hand,
but for the entire facade of a building an effeetiv
mass capture method would be more appropriate.
Simple measurement methods are not likely to be
suitable if objects are large, complicated or require
multi-purpose data sets in a short time span. Fig
1.2 illustrates the disposition of metric technigue
by scale and point density and Fig 1.4 highlights
their common wuses. Ultimately the suitable
application of technique is based on a balance
between the end use of the survey and the
availability of skills, resources and time.

METRIC METHODS FOR DOCUMENTATION

The vertical scale in Fig 1.2 represents the number
of points captured by the survey method: this is an
indication of the object complexity that can be

captured. The shading indicates the method type:
Blue denotes direct techniques, while Orange
denotes indirect techniques. Note the overlap

areas, which show that there is an alternative

Fig 1.2Comparison of survey techniques for Heritage
Documentation. by kind permission of Dr. Wolfgang
Bohler



application between direct and indirect techniques.k\
Despite the obvious performance of indirect techmés \\
it should be borne in mind that a specific end puct '
may well require a selection and presentation proces
that must be defined.

S

INTEGRATION OF TECHNIQUES

The metric record of built heritage in particulaequires
a combination of techniques to be successful: a site
drawing combined with the robust precision of, for %
example, photogrammetry generates data with both _
architectural sensitivity and metric performance: a mus h
when our data is transmitted in CAD for manifold uses.

In anticipation of the integration of metric dataitv |
other data sources it is a wise investment to develop the .
CAD skills to handle this process. '

THE SURVEY BRIEF

The desired outcome of a project can only be controlled
by the skill of the surveyor and the surveyor's
understanding of the requirements of the survey. Unless "%
the surveyor is familiar with the requirements of the '
project some indication of the selection criterianc
presentation requirements expected is essential. For
those who commission surveys, the brief and
specification are all that guide the survey to the gofal
the right documentation for the conservator. Preparing
the brief in the knowledge of what survey can deliver is

far better than appointing a surveyor and 'hoping for the

best'! Fig 1.3 Undifferentiated and differentiated data.
The orthophotograph (top) shows the power of undiféetesdpture by an indirect method: aerial pipbtpgra
which has rapidly revealed the nature of theckitiirig, building types, roof configurationssdahdw the buildings
are linked, their materials and condition. Thareteatan of the buildings (bottom) tells a diftoeyy resolvable
to large scale (1:50) the building plans shaogetimal spaces, wall thicknesses and opening$l thidrm the re-
use planned for consolidating the site. Thentiéffiene in the building plans is the informatooelen SELECTED at
capture for the purpose of building conservation.




TECHNIQUE

REMOTE SENSING

AIRBORNE LASER
SCANNING

AERIAL
PHOTOGRAMMETRY

TERRESTRRIAL LASER
SCANNING

CLOSE RANGE
PHOTOGRAMMETRY

RECTIFIED
PHOTOGRAPHY

ARTEFACT SCANNER

GPS

TOTAL STATION/ED M

LEVELLING

DRAWING

3D

3D

3D

3D

3D

2D

3D

3D

3D

2D

2D

SUMMARY TABLE OF METRIC SURVYETECHNIQUES

PRODUCT

Wide area
landscape records

Topographic
mapping

Point clouds,
Surface models
Photo-maps, CAD
drawings, ante-
disaster records

Condition records

Point-clouds,
surface models

Topographic
mapping, point dati

CAD wire-frames,
Point data

Discrete point
height monitoring
Key detail records,
explanatory
diagrams

TYPICAL APPLICATION

Landscape monitoring, water
content, mineral reflectance and
vegetation health mapping etc.

Landscape mapping and
monitoring

Building models and drawing:

Architectural facade drawings
Orthophotos, stereo pairs,
surface models,

Records of flat facades

Sculpture relief carving etc

Landscape surveys, inventor
mapping primary orientation
to global co-ordinate system
Topographic mapping, Buildir
plans & sections. Precise
control networks
measurements

Precise height points

Structural notes, architectural
definition, excavation records

SUBJECT SIZE

1-1500Km

1-500Knt

5-500nt

2-100nt

2-50nt

1-5nm?

1-20Knt

0.5-50n

1-50m

0.25-5nd

ONETRAINTS ON USE

Dependant on wave band, will not resolved down totimetric
precision in most cases.

Post spacing at sub-metre resolution is costly.

Co-ordinated flight plan and ground control.

Point density must be matched to required infornaati
outcome. Congruent image capture needed.

Calibrated camera, optimised image capture, object area
control, processing software and operator skKill.

Only single reference plane scalable.

Controlled environment required.

Open sky needed. Height precision can be a problem.

Data organisation is needed by code, layer or GIS
protocol, trained operators are required.

Structural engineers selected diagnostic points measurzd
for movement monitoring.

Selection of information based on subjective domain
knowledge.

Fig 1.4 The procurement of metric survey requires the identification of the appropriatepedbmegecerrequired to meet the documentatiof negutovision of a given metric data set must be
governed by a brief, a specification and a pegjgget that considers metric survey requiremamtsaaty stage to avoid duplication and the emocsnitant with repeated localised provision. (Table
adapted and derivddom Santan@uinterdVi: The usef@Dtechriues 6 documenataion and dissemination winstaibuilt heritee: KU Leuven 2003



KEY CONCEPTS

HERITAGE DOCUMENTATION. SURVEY CONVENTIONS PRECISION, TOLERANCE & ACCURACY

Documentation is both the product and action ofSurvey presents measured information in differemtys In surveying it is common to use the terms
meeting the information needs of heritage managdamehut there are a number of common concepts, prindiypa accuracy and precision to describe the
Heritage documentation comprises the capture dfom mapping (scale, precision, accuracy, projectigrerformance of data: it is important to make the
(recording) information about heritage places and itontrol, detail etc), that should be understood wherdistinction between the performance of a

management and dissemination. Metric survey dsnsidering metric documentation: measurement system and the performance of a
specifically concerned with measured spatial data. survey as a whole. When working with metric data
SCALE the performance of both the method used and the

FIT FOR PURPOSE ) ~When measured data is transmitted it is usuallywgho constraints of its provenance should be
The end uses of survey are diverse: e.g: monitoring, 5 scaled representation of that which was suedeyt understood, as the purpose of a survey can reveal
project-planning, stylistic analysis, ante-disasndition is a common misconception that when survey data & much about the selection and presentational
record, intervention planning, etc. The correc_t deCiSi90iewed in a CAD system it is 'scale free'. This can neveriteria used as the method of measurement.
on_the method of data capture is essential for "Be the case because the information contained is Precisiorcharacterises the degree of mutual
optimum use. The data MUST enable the purpose. necessarily an abstraction (i.e. a simplified form) from agreement or repeatability among a series of

3D and 2D the real world: its very purpose is to transmit a&ssible individual measurements, values, or results.
3D capture is rarely more costly than 2D but historilyal information. Building surveys (with the important The precision of measurement is a function of
recorded information has used 2D media. Th&Xception of setting-out data) are never presentatia both the definable precision of the object

presentation of 3D information as 2D is a form ofcale of 1 to 1. It is often offered as an exampfea being measured and the measurement
abstraction that drives many graphical conventions afxXimum attainable precision but this is never the case, technique used. e.g.: (Figl.5 Left) If an object is
standards. The cost (in terms of skill and processiﬁé‘e to the selection of depicted information. 1 tochn measured several times, by different
power) of maintaining 3D data integrity and oppe used for details but 'full size' is a better degtion, as operators, using the same technique and the
presentation standards is greater than working in eithdpe idea of the 'drawing as replica’ is avoided. differences recorded and the same procedure

is repeated with a different object the
variation in object precision and measurement
performance can be assessed.

i The tolerance is an indicator of the

solely 2D or 3D. Consideration of the value of 3D
information should be balanced against the cost of
managing 3D work environments.

Fig 1.5 Accuracy and precision of shots at a target performance of a measurement technique
Leﬂ:_hlgh precision, low accuracy. Right: higity\adow over a sample of measurements e.g.. the
precision.

maximum difference allowed when testing



could be 95% or 99.7% or 100%. A mean squatechniques like GPS surveying.) For small sites amesired content of the view. The plane for an
error, the normal indication of accuracy,building surveys projection is used to get the rgqd elevation is always vertical.
corresponds to a 68% level. view of the subject in a form that can be readibaked.

i A test of theaccuracyf survey work describes how Architectural drawings use a 'square on’ or orthographi
near a single recorded value is to the ‘true’ value @rojection to achieve the commonly used viewdan,
the degree of conformity of a measured orsection and elevationwhich comprise the primary
calculated quantity to an actual, standard, nomimal architectural drawing set. In working drawings the
absolute value. (Fig 1.5 Right) describe the way buildings are assembled and tRerveyor the better the outcome.

materials they are made from. In design and presentatigthNTROL

The order of accuracy may be determined astative: drawings they can be used to illustrate conceptd #re Survey requires a network of fixed points at a high

where comparison to an internal reference is usedelationships between spaces. order of accuracy so that detail measurements

absolutewhere a reference value is known with certainty, derived from it will be consistently precise. The

; ; - . Plan is similar to a conventional 'map' of a space
nominalwhere an average is used as the refeﬂ_%ﬂlﬁﬂef- (created by a plane cutting horizontally trf)r ouglspﬁcZ) preparation of rigorous control data is a costly but
where the measurement syst(_am alone is describedein and is a downward looking view of the building witie essential part of the survey process. Any proposal
where procedural factors are included. . . for survey should include a description of the
walls cut horizontally at an agreed height (usually

. control technique proposed and its expected
; etween the waist and shoulder) to show the featsiief
Great care should be taken when using the term buildi unctional ) dotermined heirt 2CCUTACY:
precision and accuracy: it is wise to carefully identify aff'® Puilding as functional openings determined i

qualify specific aspects of survey work when ugiegn. YS€- DETAIL
If a survey is required to be precise and accurate it K section is a vertical cut through a building to show itsThe drawing of details defines the quality of the

better to say why and how it should be so than S"“pli¥1ternal spaces as projected onto a vertical plane, mu(r:%cord and involves understanding both its

state the word! like the sliced surface of a loaf of bread. Sections mggllneatlon and the scale at which it will be

. . .. depicted. Knowing which parts of the survey
also show the revealed inner elevations of the dini e detail d why is kev to effective dat
PROJECTION: PLAN, SECTION & ELEVATIO nown assectional elevatiins require detailing and why is key to effective data

Measuremetnt alone is not enough to describe the world integration. Construction details often determine
around us. A projection is any method used in malevation commonly describes a drawing of an exteriobuilding character, so special attention should be
making to represent a three-dimensional surface onad a structure or building as if seen from straigiht. An  givento both the exploration of the hidden spaces
plane. In map making the projection is used to deiéh elevatioiis the projected view of a building facade whichf a building and its type, materials and
the curavature of the earth (it is very importanhi may show single or multiple planes depending on th@nstruction.

RECONNAISSANCE

Familiarity with the site, the purpose of the suyye
its conditions and constraints is an essential drt
}planning any survey. The better informed the



BALANCING MEASUREMENT SELECTINO& PRESENTATION

PRINCIPLES OF VERIFIABLE SURVEY UNDIFFERENTIATED DATA COLLECTION: process. Indirect techniques provide mass data
There are 3 basic principles guiding survey: The primary data sets from indirect techniques (e.gapture within a time-scale unmatched by direct

1

Survey procedures are characterised by:

‘No action without control' Survey should not bephotogrammetry, laser scanning) are largely freelath techniques and the failure to deploy such
conducted without consideration of how the partsdifferentiation other than that imposed by thetechniques when appropriate may result in an
will fit together. constraints of the capture method itself. Asunnecessarily high expenditure of ime and money.

‘Work from the whole to the part.” Establish the ypgifferentiated data the products of indirect tedhues
geometry of the widest area of interest beforemay need to be processed, and it is in this IOOSt_Captu,lngEGRATION OF SURVEY DATA

tackling detail in a small area. phase that the selection and presentation of infotiora It should be remembered that few buildings are
‘Match the order of precision and scale t0 the timgae s 1o be controlled either by brief and speaifion Surveyed using a single technique. A number of
and resources available' Survey is constrained by %Vaoy the applied expertise of operators. techniques, both direct and indirect, are commonly
scale of the required outputs and the costs of both deployed and the data integrated to obtain a
capture and presentation. DATA SELECTION AT CAPTURE. complete survey. The integration of data from

Direct techniques (e.g. EDM, GPS, drawing) maximid#ferent sources relies on a system of common
Systematic data logging and processing, ththe expertise of a specialist at the point of datapture. control being used and, usually, CAD as the data
independent check. The selection of information can be driven by a @idintegration platform.

Repeatability:;principle of metric process that SPectrum of survey purposes. While the impact oeth

measurement cannot be unique to a given reco@pertise can accelerate the data capture phase istmPALANCING  MEASUREMENT, SELECTION &
but can be shown to be achieved by others usif¢ balanced against the single use data out corsimgy COMMUNICATION

similar techniques with similar results. data derived from direct techniques requires a deh Getting the right survey to meet the needs of

Verification:the retention of raw un-processed understanding of the purpose behind the survey #ad heritage documentation takes more than selecting

measurement data and its work path asommissioned constraints. the appropriate survey product. Management of
demonstration or proof of survey. the selection and presentation of survey through

Reversibilitif a procedure can be reversed could th&KILLS & UNDERSTANDING. training, brief and specification is needed to make
survey be recovered from the raw data? Those who undertake the measured survey of heritaghe best use of the survey tools at our disposal.
Data ProvenancH: a survey is reliant on uniqueplaces need the requisite skills. The suitableieppdn The communication of captured information to
expertise (e.g. for the selection of lines on atplo of direct techniques and the production of a survély agreed standards requires an understanding of the
the qualification and experience that guarantees thi@r purpose’ is more effective when an understanding @fppropriate conventions. Many surveys, despite
domain knowledge should be declared in the methdtie building, its construction techniques and matkxiis excellent metric performance, fail because the
statement and declared in the authorship of thepplied. Direct techniques are often influenced bglient has expected a particular method of
work. contact with historic fabric during the measurementlepiction of a given subject and cannot use the



survey for its intended purpose. The balance betwednd 1.6 Plan of roof rafters showing racking:

o : : -The selection of information shown on this swmeyal to
precision, - cost and time ~when applying metr s performance as both a record and a basisrkingnap

technologies to heritage documentation should bgroposed work. The use of a direct method hasl altiw
considered carefully when commissioning survey. If ttfee required information to be captured. Indisthbas

technique deployed is inappropriate the project Iwilvould have involved grater expense abut worlin perfo
. a ith fh y h inad PP tp dat ti ) h thbetter over a greater time span as both anteediaadt

sutier either throug !na equate data or throughetngiate of conservation records.

extra costs of repeating the survey tasks. Successful

documentation depends on the interaction of the
principal specialists involved: if the survey iwein by a
clear understanding of its purpose it will form a sound
basis for conservation action; it must therefore be
informative, accessible and legible!

DIRECT TECHNIQUES need clear guidance on the
selection of information for the specified purpose bkt
survey, either by careful briefing or from the surveyor's
knowledge and understanding of both the subject and
purpose of the survey. The presentation of the maasl
data needs to conform to the expected norms and
conventions of the project, be it conservation, thatic

or interpretative documentation.

INDIRECT TECHNIQUES need careful planning to
maximise their benefit. The purpose of data acdoisi
must be apparent to all in the information-processi
path from capture to presentation. The technical
constraints of indirect techniques must be underso
when choosing methods. The ante-disaster performance
of indirect techniques is compromised if recorders fail to
understand the significance and value of the subject.



PART 2 DRAWING




This part of the guide has been prepared to helpsh drawing: the better informed the draughtsperson thélhis drawing (fig 2.1) is not only an example of a
who want to know more about drawing as a key toal i better the drawing will be! There is no one fixed way otlear diagram, but it forms part of the standard
heritage documentation. We all have an innate abitity getting a drawing done, therefore matching the noeth used for wood- working terms in British Standard
draw, as can be seen when we sketch out directionsitoto the problem will involve making use of a variety oNo. 565 (used with permission), an example of
familiar destination when asked. What we lack iagtice techniques. When repeatability of metric scale iBow drawings can convey standards as well as
and an understanding of the rules of what we draW; aequired, then metric control, like a grid, is nemdl understanding.

drawings express an idea and it is this that makéghen all that's needed is a sketch to show, for exde,

drawing a natural human action. The purpose of draw how a purlin fits to a rafter the drawing must shaive

is to convey a visual record and its role in recording ouiunctional surfaces and the workings of the joint rathe

heritage has a deep and vital history: our very perceptidinan record at scale in the manner of a direct plot.

of the ancient world is influenced forever by its first
. . , PHOTOGRAPHY & DRAWING
interpreters and their drawings.

Photograph what you cannot draw and draw whahgot ¢
DRAWING IS A KEY PROCESS photograpls an adage born out of recording experience.
Drawing is integral to the successful outcome of mamy photograph will support a drawing and vice-versa.
heritage-recording projects. It is an incisive techniqae BRhotography is a kind of safety net that can be used as an
it uses the selection and transmission of informatin a aide-memoirand should reinforce the observation used
single action. The process of selection in drawirfgr drawing. Drawing, like all recording methods, works
uniquely expresses intelligence and understandik®y. best in conjunction with other techniques like,
drawing is personal and subjective it is sometimghotography, which complements drawing well by
perceived as ‘un-scientific’ and outside the digiteecording colour, texture and undifferentiated form.
workflow, this is quite wrong and is an opinion Imoout
of ignorance of both the historic power of the imageda
the essential qualities demanded by heritage records!

A UNIVERSAL MEANS OF COMMUNICATION

Drawings can reveal the hidden and explain the

relationships between components (Fig 2.1): the

MATCHING DRAWINGS TO NEEDS cutaways, call-outs and exploded details are typical

Archaeological drawings produce rich informatiomtlis devices that we read as part of our visual vocabulary.

valuable for contextual analysis but may not mde¢ t We take our ability to read drawings for granted but the

needs of an engineer or architect. The filter of selectiosuccessful communication of information takes skil Fig 2.1 lllustration showing the standard names of
needs to be matched to the specific end use of th@lanning to be effective. components. of a sash window (BS 565.



THE 3 TYPES OF DRAWING

Fig 2.2 Examples of the 3 main types of drawing 1. DIRECTLY PLOTTED DRAWINGS overall drawing. Direct plots are typically used fo
Above: DIRECT PLOT: part of an excavation #&h BJfhings made by plotting to scale on site are alsb:20 and 1:10 scale drawings of building elevations
(g:r:atrc])trgendl\jgjA grlrjlgllrzlg fgrg :\tlvlﬂig jf:\:\ing, showing ra|I|r_1ﬂ1own asdirect plotsare usually as a primary record.  trench profiles in archaeological investigationd an
detail, uses running measurements. e site plot is then traced into CAD or ‘worked up' asalso for the plotting of underwater archaeological
Right: SKETCH DIAGRAM: prepared in support of 302atecopy for archive record. Generating the scale plaemains. As a method it is robust and has the
frame from REDM for measurements, referencetutota pn site, although time consuming, produces the mosirtue of being self-checking: as the drawing
line and insets to show detail for the constrichoBAD metrically reliable results provided the control usedprogresses the plot can be tested for its fit toeth

model of the timber structure supporting a leaded d  ongyres the precise fit of each individual sectiorthe  subject.



2. MEASURED DRAWING

Sometimes known aglimensioned sketcheseasured
drawings are the classic method of conducting
architectural surveys. The method relies on a gadear
sketch of the subject being annotated with the
dimensions used to replicate the geometry at scale. This
is a technique that can be fraught with risk as it'syet
miss measurements. Measured drawing practitioners
usually have a strong type-specific knowledgéeife is a
failure of understanding, the drawing will be deficient and
a return to site will be needed. The great strengtbf

the technique are the speed of capture and the
expression of the draughtsperson’s expertise.

Fig 2.3 Surveyors notebook and CAD model

The nose width, winder chord and riser heighés sbhits

are booked against the step number in the ch&n boo
starting at the base. Thumbnail sketches shaotanalamnes
details of landing and displacements as redjisad.r@ipid

and selective work; this draughtsman will plobifrawn
notes and uses his own shorthand to interpret the
measurements. A systematic tabulation has be&d adap
with sketches in anticipation of 3D modellinguiMag was
controlled by 3D wire-frame traced off the budideagy

into CAD using TheolLt as it was judged fastawtdedails
than try to develop the wire-frame in CAD of lste3D
wire-frame from REDM (Reflector-less EDM) prawided
armature on which to ’hang’ the measurements ianG@AD
allow profiles to be solid modelled in 3D. Thé wexle
developed to allow multiple views of the stairciiseas a
component in sectional elevations and plans ricead¥a
interventian



3. SKETCH DIAGRAMS WHEN TO DRAW MATERIALS _
ghe drawing should be executed on an archival

A sketch diagram is a diagnostic drawing that alowrawing should be used wherever there is a need t ) i i ) )
understanding of the subject to be transmitted. Theecord information that isn't captured by other medium gn_d W_'th an approerate weight of QraW|ng
sketch shows the key relationships between compdsentechniques. Preparing a drawing takes time aA%ad'_ An:umpafn_)n of corrections and making _the
the match or otherwise of prototypes and theconcentration, so selecting what to draw needs bottgjravymg work’ in terms of layout and annotation
explanation of that which is not apparent fronctare and a clear understanding of how the drawing witf© Important.
photography. In short the sketch diagram is the’ x-ragontribute to the aims of the project. While measda
. . . . MEASUREMENT METHODS
vision’ of the documentation process. drawing can be used as a stand-alone survey techritqu
is most effective as a method for completing data fro

other sources. It is most commonly employed in area\%Zhaln & offset and !Braced .dlagonal's (somgtlmes
known as taped triangulation or intersection)

Chain and offset. The chain line and its offsets
can be shown on the drawing or tabulated
elsewhere; the drawing must show the start and

e . .
rghere are two main manual methods of measuring:

where:

i photogrammetric plots are incomplete
i infill to CAD wire-frames is required

i edges in point clouds need definition

i 3D modelling requires delineation of edges an@nd of the chain line and where the offsets are
hidden detail booked. (See Glossary)Braced diagonals or

i athematic layer is to be added to base data intersection Involves measuring the diagonals of a

i access is limited for survey instruments room and the wall lengths that close triangles is a

i lighting is poor for photography or the definition inclassic triangulation technique that needs cleat an
a photo won't reveal the required profile or detail ~systematic annotation on the drawing (Fig 2.9).
i there is a requirement to apply type-specific

knowledge to record architectural detalil DRAWING ARCHITECTURAL DETAIL FOR
ELEVATIONAL PROJECTION
DRAWING AND OBSERVATION The decorated capital was sketched to enhance an

The observation required for drawing engages th&gpm trace (Fig 2.4 shows the REDM wire-frame,
surveyor in a dialogue with the building. In making thg red, overlaid on the site sketch). By recognisin
selection of details to be drawn and selecting the lines {9 yajue of the existing 3D wire-frame control,
record them, the surveyor will be testing the fitfo yo gyetch itself was uncontrolled and worked up
patterns and seeking the forms that define th%ntirely to fit the REDM guide lines in CAD.
architecture.

Fig 2.4: Sketch Diagram of a capital of the nzagear
Inglesham, Gloucestershire. The survey requitdd a C
drawing for a sectional elevation. Due to msitifdee
reflectance the REDM trace failed to delineatietdiks.

The drawing clarifies the data.



Fig 2.5 CONTROL OF GEOMETRY BY TRIANGULATION (top
left) in this example the plan is controlled bystheof
triangulation. This is an effective method fgrdisiance

only measurement for 2D plots. The intersectquisttad

to scale and the geometry mapped accardingly

CONTROL OF GEOMETRY BY DATUM LINE

(Top right) In this example the elevation islleghbrp the

use of AN IMPOSED HORIZONTAL LINE. This istize effec
method for keeping control of horizontal elemettts i
elevation. (Example taken from Measured Drawing for
Architects: Robert Chitham, Architectural Press 198
ISBN 0 851 39 392)

CONTROL OF GEOMETRY BY PLUMB LINE

(Bottom) In this example the profile of an elevation is
controlled by the use of AN IMPOSED VERTICAL LINE
(marked in blue). This is an effective methoaifdaimng

control of vertical elements. The profile habbaerd by
tabulation.

Drawing is the most effective way of filling thetaiegaps
common in metric data sets: it is an effective vesifion
tool. Guide and centre lines help the sketch; rulates
are used when appropriate: the aim is to show the object
clearly on the page. Heavier lines are used to clarify the
edge lines that will be transposed into CAD. A REDM
trace is a powerful tool for positioning drawings but
complete reliance on traces for edge definition is best
avoided, it is better to work with what is seen on site for
large scale clarity. The proportions of the drawing need
not be metrically precise but it is a key functia the
drawing that the selection of edges be clear.

SIMPLE CONTROL FOR DRAWING



CONTROL METHODS FOR DRAWINGS DIMENSIONED SKETCHING edge that is dependant entirely on the viewpoint of
Fixed reference (control) lines are a necessity ifhe drawing is prepared before measurement, engblithe observer: for survey drawing this will require
preparing drawings to be plotted at scale. Control linedlarity of line and speed of recording. This idlskliwork the observer to record the line as it will appear on
should be used to achieve geometrically robust resul&s it requires the accurate depiction and caretlestion the plane of projection for the elevation.
For elevations and sections the plumb and datum linekrelevant detail at the time of capture. The drawingSING LINE WEIGHTS
are reliable and can be achieved easily. Usingebrée first and measurement second approach is suited fbhe convention for line weight is simple: each
form triangles is effective control for room plans. As witlmaximising the surveyor's knowledge of the structursuccessive edge is delineated with a thicker line,
all survey technigques, measuring needs to be syaiem being recorded. Dimensions are added to the sketch inwhile the revealed details are shown using thinner
Depending on the resources available, drawings canrbenber of ways. A vertical or horizontal datum forlines. So the outline of a door opening is shown
controlled by: elevations or triangulation for plans achieves controlith a thicker line than the jamb mouldings around
i Datum and plumb lines : for elevations a Control lines are shown on the drawing with a straightt. This is easy to express in the field drawing by
reference line can be imposed on the wall with ar tie line. Measurements to detail are taken atokn using a heavier line on the sketch as appropriate:
levelled horizontal datum and vertical plumb, chafloints along the horizontal or vertical datum andyou can do this by using a softer pencil or drawing
line or pencil mark recorded as dimensions on the sketch. It is commoaver the lines required a second time to get the
i Taped Triangulation : usually used for plans. Bypractice to plot measurement lines in red and datom emphasis.
measuring the diagonals of a room, its geometryisference lines in blue to separate them from drawn
controlled while adding wall thickness gets thknes. The same line weight emphasis as will appetei DIRECT PLOTTING

plan progressed from inside to out finished plot is used to indicate edges and sectioes. Measurements are recorded at scale on a drawing,
i EDM observations : a rapid and precise methodMissing measurements can compromise the integrity which can be done by calliper and scale rule or by
of establishing control points the final drawing and are a drawback of this methodising a gridded plot medium such as graph paper.
i Base line: fixing the two endpoints of a base lineespecially if the site can not be revisited. The wde By placing a string grid on the wall or survey
can be done by taped triangulation or EDM. Ahotographs can help to overcome this problem. subject plane the surface is then plotted at scale
base line is used as chain fohain and offset onto a gridded drafting medium. A scale rule is
measurements. FINDING THE EDGES In formal survey drawing ifiseful to convert measurements and with practice

i wire-frame from REDM and photogrammetricsomething is not defined by an edge it can’'t beadraso many practitioners will end up producing the
traces: for small areas control can be carriedsing sketcheguide linewill help ‘place the edges’ anddrawing to scale by eye. Alternatively, detail can be
forward by overlap from existing survey draw them in. Edges are not always clearly defined adchwn at scale from calliper or taped

some thought will be needed to decide where to placeneasurements. If drawn at 1:1, fitted profiles taken
the line. For example a rounded column will have aftom a profile gauge at full size can be used. Each



MEASURED DRAWING

measurement and profile is added to the plot tolduiip to the grid on the plot.

a scale drawing of the subject. The view of the object
selected must match the elevation view chosen foe t i
section and any profiles must be taken accordinghe

fair copy is then traced or digitised directly from thel@
drawing. Direct plotting is widely used for large-scalk
work and is the standard method of archaeological
excavation drawing. The advantage of direct plotting over
dimensioned sketches is that it is possible to teyl
looking at the drawing if all the measurements have be(ien
recorded. If a critical measurement is missing, the
relevant bit of the drawing will be missing. The drawbac
is that more site time is required to produce a directly
plotted drawing. !

'PLANNING' IN EXCAVATION RECORDING

A planning frame is used to assist plotting thetdfess
revealed by excavation at scale. The drawings may form
the record of the context as it is removed, so thexed

to be based on a reliable and systematic procedure as
there will be no second chance to plot the information.
Planning frames need to be level to the referentanp
and linked to a common site coordinate system taabte !
the plots from each frame to fit together.

DIRECT PLOTTING ON A VERTICAL PLANE

Fig 2.6 DIMENSIONED SKETCH OF A PLAN, STEP BY STEP

Use a drawing board, T-square, rolling ruler lor grap
paper to ensure that the lines in your drawing are
squared up when needed.

Size the sketch BEFORE YOU BEGIN so that you can
fit the whole drawing on the paper and depict the
smallest detail at a legible size.

Draw a centre line and place guide lines to get the
proportions right. Draw the principle lines gtith li
lines.

Mark off each of the length measurements - those
that you took in the field - on a dimension finea U
triangle to draw properly spaced, faint guidelines
the elements along the length of the item.

Working anticlockwise around the plan, draw
dimension lines alongside the elements as you
measure. Mark off each of the measurements that you
take. Use a triangle to draw faint guidelinescfong

the measurements. Make sure measurements are
controlled, either by triangulation (e.g. diagbnals
rooms) or by reference to a datum or baseline.

Draw the outline of the item itself using thdigesde
that you've just set up. Use a harder lead terardif
colour for measurements and a softer, darkeplead t
draw the item itself.

Make space to write the dimensions on the drawing
before actually writing them - they are the hardest
parts of the drawing to fit in legibly and the most
necessary to be read clearly at plot time.

In the case of elevations the frame is flipped to recoldKETCH DIAGRAMS

the vertical detail. The subject is controlled byetstring A sketch is any drawing prepared without measuremen
grid on the planning frame and a fixed tape. The drgwit® help understand the object being measured. Skesc

is progressed by marking out the lines at scale referencete useful when combined with measured data from



other sources. It should be remembered that likd aANTICIPATE END USE
survey techniques, sketching will benefit from BRecause drawing is so dependent on clarity of selectio

consistent and systematic approach. it is vital for the draughtsperson to know what the
requirements of the survey are:

DIAGNOSTIC DETAILS This term describes features ; il the drawing clarify the detail to help build

that support a theory about how a structure or 3D model?

component fits in to our understanding of an hista i Will it enable a wire-frame to be edited into a
sequence; once recognised, these key features need to CAD drawing or will it simply help define edge
be recorded to substantiate our findings. Site skets where they are indistinct?
are often an ideal way of doing this.

ANNOTATION Descriptive text on the drawing should
CHOOSING LINES If there is uncertainty over how de limited to that which is not revealed by the dving
feature should be depicted then the process dfr associated photography. Notes on material, colo
identification, type history and form analysis sklobe and context should be placed well clear of the dra
used. If the right questions are asked of an obj¢ise lines and limited to the requirements of the briéfthe

drawing will be effective: brief calls for a written description you should hbe
drawing. All drawings, be they measured drawings or
i How do the lines bound this object? sketches, should be clearly and concisely labelled, with
i How is it developed from its design? the drawing layout including:
i What is the prototype it is derived from?
i What is the architectural form used? i The site name and location
i What are the functions of the component? i Date of drawing
i Does the viewpoint affect delineation of edges? i Direction of view
i Draughtsperson’s name
Drawings must show a clear line selection, as the lines i Alocation diagram

clarify the measurement and define the edges selected.

Hence drawings are often needed where a photograph Fig 2.7 Sketch and CAD model of the crown jtiiat of
could not define the edges needed for a survey. Ironbridge at Coalbrookdale made as a record of an
inspection made by probe and hand mirror.. The clea
indication of the casting shapes is more imghbeant
the accurate depiction of proportions, as these whe
obtained by REDM and Photogrammetry.



META DATA PREVENTS DRAWING MISUSE!

Metadata is crucial to the utility of the informeti we
record by systematically including the details of who
made the drawing, why it was done; the expectations of
those using it can be based on fact rather than
supposition. The title box contains all the infortice
needed to identify the origin of the drawing and it
purpose. It is the declaration of the provenance bét
work. Annotations should be used to link ideas toet
drawing: a sketch plan can be used as an index to
explanatory notes. A common form of CAD drawing is
the wire-frame where edges are shown as lines in 3D.
These drawings only work when viewed from the plane
of record but contain 3D geometry. Wire-frames can be
captured by photogrammetry, REDM or by plotting x, y
and z co-ordinates and are often used as an armature to

develop detail from drawings or photographs. They are
also a good basis for model building in CAD. Fig 2.10 (Overpage Right) Drawing on site
concentrates attention on selection and lets our

observation work in a structured way. Takinmé¢he ti
Fig 2.8 William Thornhill's sketch of the plaandguard © TNk through line selection and identifyidgtidy

. ; o and geometry is important to getting the best
Fort in 1711 records the trace of Darrel's farféw lines achievable quality into survey work. Approaehing th
selected to show earthworks, gun emplacementsyaithg carefully is always better than 'drawing on
bwldmgs. Tf_ng fort was obllteratgd in the 20 lystareen ;' A good field drawing takes time and composur
Thornhill's visit and the construction of a remeeleff the organising the sketch means careful observation and
Landguard Point; his sketch is a rare recordiafdtieof selection of line: a drawing should be prepareitsvhe
the first fort. He uses key letters to identifis @diinterest necessity is clear. If the information can beedaptu
and link them to his notes. The drawing is wddiyl t@ith a photograph the investment in time required f
because he adds a description of what it isantiguard drawing should be placed where it is most uBgeful: ¢
Castle whyche makes a good Fortification... "thelatetastair and door lining details are typical oftsubjgic
of the record makes it useful. need dimensioned sketches to be resolved.



USING SITE DRAWING TO ACQUIRE KEY 3D
DRAWING DETAILS

The site drawing should be prepared in conjunction with
the wire-frame if possible, as this is the best waybe
aware of the missing faces in the wire-frame. If it is not
possible to prepare the drawing on site at the time of
capture (i.e. if the wire-frame has been prepared b
photogrammetry) careful inspection of the wire-fram
should be made and a site visit planned to infill teg k
details by measured drawing.

FITTING HAND MEASURED DATA TO WIRE-FRAME
The model geometry can be developed from the wire in
3D by judicious use of UCS fitted to the wire and offset
by the recorded measurement. For 2D work there are
two routes depending on the type of drawing used. For
measured drawing the measurements are plotted
directly into CAD as local polar positions or Cartesian
values. Plotting from drawn notes can be achievgd b
using offset circle, arc and line for translating
measurements. Direct plots can be digitised by itrgc
on a digitising tablet or from a scan of the drawing scaled
to the wire-frame (heads-up digitising)

Fig 2.9 The dimensioned sketch needs to be cmisedrg
and use a robust measurement technique: if it banno
reconstructed at scale the effort is wasted. Note the title
box: this is the drawing metadata. Defining angsawi
provenance is one way of protecting drawingsifusa m

by including in the title box the site name, cemipon
location, scale, date, reason for survey and the
draughtsperson’s identity.



DRAWING & CAD

Fig 2.11: DRAWING SKETCH, WIRE FRAME & MODEL

The sheet layout (above) must meet a minimuntagolite a section should be shown in relat®plamiand laid out in
correspondence to the view shown. Architectueationrdetermines the line weights and thensbliatibetween the plan
and the sections as indicated in the key plamefrieewire-frame (top right, this example iSRfE@M) is used to position
the detail from the annotated sketch (above)edsiteis that the wire-frame can be developednmddel (bottom right)
and, in this case, drawings extracted from theusiadesolid profiling’ to project the eddes ptane of view (left) as 2D

data in the presented CAD plot .



PRESENTING THE DRAWING

BUILDING CAD MODELS DIGITISING DRAWINGS: MATCHING THE POINT pERIVING LINE DRAWINGS FROM THE
The wire-frame allows the positioning of prototypeDE’\ISITY TO THE REQ.UI.RI.ED OUTPUT SC_ATLE MODEL
profiles which can be extruded to form the soligVhen tracing into CAD it .'S Important to ar.1t|0|p.atme It is possible to derive line drawings from models
geometry bounded by the lines. The wire-frame wékd output scale of the tracing: the CAD view is Oﬂenprovided the model is of a parity sufficient to niee
supplementary information from site notes to Commetmisleading when compared to an Aldraughting Sheetﬂ?e scale requirements of the line drawing. This is
the profiles needed. For 3D work we need measuremeﬁpmmon miste}ke .is to .pick. fewer points than the scalg, important consideration as the effort required
of all 6 faces of a cube rather than the 3 or so availagfe1!'"®s resulting in *spiky” lines at plot scale. to model at an adequate parity may outweigh the
from any one viewpoint! advantage of preparing the model! If the subject is
reasonably uniform and component-oriented a
model will be useful. If the project demands
depiction of a wide variety of unique forms a
model will be a time consuming distraction from
the needs of the project and should be avoided! In
Fig 2.16 the model was an effective route to
handling the radial geometry of the subject. A
drawing set of plan, sections, elevations and
isometric views was generated.

COMMUNICATION OF THE MEASURED
WORK

Plotting the measured drawing is the final step in
sharing the information gathered by drawing: it is
at this point in the process that the standards and
conventions required must be applied. Standards
will describe the correct line weights to use, the
required layer structure (for CAD), the correct
use of symbols and the correct sheet layout and
rubric. Some standards also prescribe the media to
be used and the deposit and accession procedure

Fig 2.12 Sectional elevations laid out on a sheet with correct
rubric: showing key plan, north point, authorshigtescale



STANDARDS & CONVENTIONS

required. A list of current standards is included at th& TANDARDS AND CONVENTIONS FOR HERITAGEThe ICOMOS 'Sofia Principles’ Detailed

end of this section. DOCUMENTATION DRAWINGS description of the actions required for heritage
documentation under the Venice Charter Article

requirements.

i i i ABS/HAER states:Documentation shall adequat . . .
THE FAIR COPY Formal presentation will require H d tp://lwww.international.icomos.org/charters/recor

sheet border, title, location plan and scale baheT explicate and illustrate what is significantuableabbout

S o : s ing_e.htm
extent of the subject, the text styles and sizes should %%ecurzlesﬁgg lt:)g:ldmg& c Cs’;tses,fmstrugg::rjm eor:tat(i)(lyarJ]eng art?é

in agreement with the specification. For large paig or appropriate standard of presentation must be adltere
wide area programmes it is advantageous to pled. The detailed application of standards by convention
drawings in CAD for digital transmission. Measurdeegins with the minimum requirement to present the
drawings are plotted at scale on an archive medium rmetric information clearly and extends to include

S . . . stylistic and thematic elements as required by tiagure
anticipation of the drawing forming a record withl@ang of the subject and the purpose of the record. Diféet

life. The information on the drawing should be fally specialist disciplines have different conventions:
organised with the correct convention for line wéig,
section lines, location diagram etc. Depending tre tFor Building Archaeology: EH 20Qiderstanding Historic
project requirement the drawing sheet(s) will comahe Bwldmgs. A guide to good recording pradiedon:

. . _ English Heritage
drawing elementgplan, sectioandelevation
. ._Metric survey for conservation: EH 2000etric Survey
THE _ARCHNE AND C_AD When pr_eparmg plots Nspecification for English Herjtagendon: English
CAD it should be borne in mind the difference betwee Heritage
the CAD view and the plot can lead to a false sense of

quality. The plotted result should match the draginFor Industrial Archaeology:

requirement: it is wise to test line weights, lingpe and Library of Congress HABS/HAER: Secretary efithis Int

Standard d Guidelingg:// .cr.nps.gov/local-
line style at the plot size before committing a CAE?av?//nariL sz::js 6%,[?7]' B-/IWWW.Cr-nps.govriaca

drawing to archive. As the digital drawing has an
uncertain future it is wise to deposit hard copyofted For archaeological landscape survey: RCHME 1999

on archival media together with the CAD drawing issue.Recording Archaeological Field Monuments: Avescrip
Specificatiphondon: RCHME

Metadata standards: The Dublin Core metadata element
set is a standard for cross-domain information resource
description. http://dublincore.org/documents/dcrais



DRAWING TERMS & TECHNIQUES

braced diagonals Triangulation method used to control the geometry of a plan. A rectangle can be skewed, by measuring itdsdfeldDnits sides the angles

cad

chain & offset

control

cut line

datum line
digitising
dimension line

EDM/REDM

guide lines

will be reproduced when the arcs cast by the lergihtersect

CAD (Computer Aided Design/Draughting) is a digital 3D enwinent used to prepare metric drawings. It allows metric informatio be

assembled in a scale free geometric space thatoapk the 3D volume of the world we perceive. This adegetis balanced by the need for all
objects to be bounded by clearly defined edges as either vertices or surfaces. CAD witladliyrhandle diffuse unbounded data such as point-

clouds and is driven by the drawing production needs of design and construction: in heritage documentation it is used tistingmbjects
and transmit drawings to those engaged in conservatidrerd are two routes to transferring drawings into CAD: piimg the measured
geometry or tracing either with a digitising tablet or ‘heag from a scanned copy of the drawing.

Taking measurements along a line (the chain line) and takorg measurements from it at right angles. Chain aridetfis a method of mapping
detail on small surveys where the chin lines ate fixed @ngulation. The results are usually tabulated (in a chak)bar annotated to a field
sketch.

Frame work of measurements of a higher order of precision than that used for mapping detail. Control in sutiveypisnary geometric
framework from which local measurement is derivédcan be a simple base line between 2 points afvim position or a reference line
established with a plumb line or spirit-level. For precise work tawris established using EDM or rigorous taped triangulation.

The line that is depicted ‘as cut’ for a plan orcen. Usually shown with a heavy line weight. Thishitectural convention traditionally puts the
height of the cut line for plans at between hip and sbeuheight to show the openings etc.

Level line used to transfer heights.

Transferring into a digital format, usually by tracing owamdh lines or photographs to get details into a CAD drawingeiie are 2 methods,
‘heads up’ on the CAD graphics area or by use of detab

A line used to record a measurement

Electromagnetic Distance Measurement; when combined witteadolite known as TST (Total Station Theodolit&§ome units are equipped
to measure without a prism known as Reflectorle$3ME REDM. Methods of use vary and can be either ypostess or real-time with the
measurements recorded in CAD. Used for control measurementspoducing wire frames.

A line drawn to indicate the approximate extent ah object, sometimes called a ghost line. Guidslitypically pick out the centreline and
principal proportions of the subject.

Braced diagonal used to fix
room geometry.

Surveyors rod (folding rule)
being used as a chain line
with offsets to moulding
detail being taken by tape.

EDM is a common term used to describe a

‘total station’” or combined electronic

theodolite and distance meter... Tachometer is

another common term for devices that

measure distances.



laser scan
line weight

metric

Permatrace

perspective sketch
planning frame

plumb

point cloud
polyline

profile gauge

ruled up drawing

shading /hatching

UcCs

Wire-frame

Method of mass 3d point capture using an automated laser. Produces point-clouds.
The thickness of a line relative to other lines

Data which Includes measurement as a primary proper

Proprietary name: K& E drafting materiallgmger manufactured).Dimensionally stable draughtiaterial, known as
draughting film.

A 3D transcription of a detail with a view point and sagtion of distance to aid the sense of proportion.

A rigid frame, often 1mx1m or 2mx1m used to set a grid of string lines at, for example, 20vaisntagainst the
subject to be drawn. Planning frames are typiaadlgd to generate 1:20 plots on draughting film theg¢ then traced
into CAD or inked up as fair copy of excavation records.

Vertical line. A suspended plumb bob describes a vertical line in space.

A mass of undifferentiated points in 3Casp: a typical laser scan product. Planning frame placed over an excavation
for direct plotting drawing at scale. The

In CAD a continuous line. a polyline can be smoatioe used to bound an object. 5cm squares can be matched to the grid
squares on the drawing medium

Tool for taking a copy of a profile. A profile gauge is one method for getting moulding profiles

Also know as ‘as designed’ drawing, drawings prepared on the basis that a buildawgded using its formal architectural
components

Methods of indicating 3D in a drawing, not usually usednfietric records but vital to the record drawing of small-finds for
publication.

CAD constraint for both view and 3D development. User Co-ordinate System in@AD®. (known as ACS Ancillary Co-ordinate
system in Microstatiop).

3D 'edge only' mapping of the subject. Wire frames barused as drawings or as the armature for modelling. Wire-frames rarely
perform well as 3D models without development ofrface or solid geometry.

3D Wire- frame used to prepare a sectional elevatio



TOOLS FOR MEASUREMENT

3m steel
tape

Folding
rod or
builders

rule

Disto® - a

hand held
EDM

Callipers

Deals with the short distances the Distaloesn’t! A tape markec
in cm units rather than dual inch/cm will avoid éasion.

Useful in measuring at arms length, for examplerloead beams

Measuring longer lines, up to 30m. Late models rauseful min/
max distance function for measuring diagonals and a Bluetooth link
enabling it to draw in CAD using TheolLt.

For diameter and thickness measurements

TOOLS FOR SETTING OUT

Plumb bob
and line

Water level

Chalk line

Spirit  Transferring a local datum and checking verticals.
level Choose a level with horizontal and vertical bubbles.

For vertical datums, trickier to use than the spirit levelt lmaore
reliable. Very useful for transferring control up flighfsstairs etc.

Transfer of datum from one place to another, padiarly on
sections to ensure floor and ceiling heights are correcélated.
Also used for placing levelled targets on a wall for phoapdy.

A chalk line is a quick way of setting out a stiiline to measure

and draw from. Measurement by chain and offset ofteads an
arbitrary straight line; the chalk line is ideal. For long lines you may
need 2 people.

DRAWING INSTRUMENTS

On cartridge paper an HB lead will do for
most work. If you are using drafting film 2H
to 8H are needed.

Clutch
pencil

Compasses can be used to plot arcs for intersection

Compasses measurements as well as to draw arcs and circles. For site

work use a pair that fit your pencil!

Use the set-square, T square and compasses to ghel@rawn
lines. Use compasses for arcs, to set centres amdjduge the
proportions of the drawing.

Eraser

Keep rubbers clean and keep your drawing clean! Clean
up the drawing as you go: erase guide lines Pencil rubber
where they are not needed to avoid confusion with
detail lines.

Use the set-square, T square and drawing board togeth8ris a good
size. Board clips, used with care, are the best way to hioddpgaper on

the board.

A good camera
and tripod.

Essential for direct plotting and checking

Scale Rule :
scale drawings.
The chain book has its own discipline:
. tabulated measurement. Where repeated
Chain book

measurements need to be noted the chain
book is the best place to do this.

The better the photographs the more useful they are!
Using a medium-high resolution camera will improve and
the quality of images and thus the quality of infornratio
recovered from them.
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TECHNIQUE SUMMARY:

INOINHD3L

OBJECT SIZE

PRECISION
HARDWARE

SOFTWARE

Surveying With E D M

The elements of EDM Measurement
Data logging

Working with real-time CAD

Control by EDM

~  ~ ~  ~ ~ ~

EDM traversing

Direct measurement, selective

10n’to 0.5kn?

+/- 2-3mm at 100m range
Total station theodolite,

tribrachs, tripods,
targets & prisms

Co-ordinate computation
Traverse/network
Coding translation
Terrain modelling

CAD

EDM FOR HERITAGE DOCUMENATION

SKILLS REQUIRED

Field skills: observation, selection.

Correct point density and interpretative selection,

understanding of interpolation

Instrument handling:
Centering, levelling, measurement procedure

Systematic observation and error trapping, antitgaof

results

Understanding of scale and appropriate point selection ir

anticipation of end use

Understand calibration regime

APPLICATION
Recording selected 3D points

Traversing to provide precise control data
for maps and plans

Digital Terrain Models (DTM)

Wire-frame model armatures

Topographic surveys of small sites

Plans & sections of buildings, simple
elevations. Complex when used with
photography for details

Control points for rectified photography

Equipment environment ,transport ,care and maintenance

awareness

IT literate

Survey skKills required
CAD literate, 3D aware
Vectorisation, layering and line weights/scale



Astronomers in the 17th century understood that adm of
light could be used to measure the distance frone groint to
another, but it was the rapid development of electronitiging
and after World War Il that made the practical implemendati
of this idea possible. The Geodimeter, the first MDusing
visible light, was produced by Eric Bergstrand wed&en in
1953, followed by the Tellurometer (which used nuwrave
radiation), first produced in South Africa in 195khfrared
EDMs became fairly widely available in the late0$9@nd it is
this technology which is in common use today. ED&e

SURVEYING WITH EDM

DISTANCE MEASUREMENT

Most EDM instruments use a near visible light seurto
measure distances due to relatively low cost andweo
requirements. The instrument emits an electromagndieam
in the form of a modulated sine wave. This sigaakflected at
the target (e.g. a retro-reflective prism), retumbeto the
instrument and distance is calculated by measuringntiraber
of whole wavelengths and the phase shift between the outgoing
and return signals. An EDM measures distances only. When it is
combined with an electronic theodolite, the combiiwa

considerably more expensive than the tools employed for morgynctions as a Total Station (TST). As such, it soees

traditional measurement techniques, but also offer éderably
more precision and flexibility, and they have dispd
traditional distance measuring tools for many survey tasks

CO-ORDINATE SYSTEMS - THE COMMON
POSITIONAL DESCRIPTOR
Metric survey is the process of positioning objectsy

horizontal and vertical angles as well as distancesnggivi
precise measurements (e.g. +/-2mm at 2ppm at 1.8kmmlpp
Imm in 1km). Maximum range is usually about 2km, thist
range can be extended by using special prism arrays.

Rapid and precise measurement using infrared EDM gives a
reliable framework for survey work of all kinds but espalgi in

measurement. Position can be expressed in 2 ways on a map;ci§se range work (0.25 to 100m). Precision is dependent @n th

a Cartesian co-ordinate or as a polar vector. A t@cuses
direction and distance whereas co-ordinates deserifoints
using relative position along 3 axes (x, y, z) listathce. Co-

density of recorded points and the method used. Thee of
EDM is becoming more widespread and its applicatioolose
range detail work is now possible with reliable esflorless

ordinate systems can be local, national or global andiesting EpM (REDM) and real-time links to CAD from softwalike
Northingand Height to determine the axes. Vectors are TheolLt. The guidance on technique offered here dtiobe
common to local and navigation systems where handling anguigded in conjunction with the recommendations of the

data is important. Co-ordinate systems are the retard
positioning descriptor in survey, mapping and CAD.

TECHNICAL OVERVIEW

This section aims to provide a rough guide to thenkings of
EDM, to give enough information to enable an understamadif
the basic principles, and how they can affect ot®iemade
when considering working with such an instrument.

manufacturer and suppliers of the hardware and vgaft
involved.

Fig 3.1

TYPICAL EDM

This example is a device with reflectorless capacity up t8Gan
range. An EDM is costly and fragile: it must be hashdvith
care!



THE ELEMENTS OF EDM MEAREMENT

ANGULAR MEASUREMENT of points of detail in relation to the instrumenfThe same

telescope. After rotating the telescope to aim at@get, one

A total station combines an EDM with electronic horizontaba method can also be used to determine the positionda may read the angle of rotation and the angle of inclination,

vertical circles. With this device, as with a theite and tape, rientation of the instrument by observation to two omore

one may determine angles and distances from the instrutieent points of known position. A total station uses adstope with
the points to be surveyed. Using trigonometry, thegies and  ¢ross-hairs for sighting a target; the telescopaitached to a

distances may be employed to calculate the Cartesian C@yraduated' horizontal circle for measuring the kengf rotation
ordinate positions (x, y, and z or easting, northingd height) 5.4 a vertical circle to measure the angle of mation of the

Fig 3.2 EDM distance measurement instruments are cadhbiiith angular measurement to record the relativeedition in the
horizontal and vertical planes. The height of thetiument above the station point and the heighttbé reflector above the

usually from a digital readout on the instrument. The tieaic
theodolite is both more accurate aridss prone to user errors
such as misreading the Vernier scale or mis-recaydon a
traditional theodolite. Most modern instruments nmmae to
between 0.5 and 7 seconds of arc, depending largelprice.
The slope distance, inclination and horizontal angle to therpris
are the products of the measurement process, and simple
trigonometric calculations permit the transformatioof this
data into horizontal distance, bearing and vertidaight
difference.

DISTANCE MEASUREMENT BY ED M

EDM works by bouncing an infrared beam off a targed
recording the properties of the returned signal talculate the
distance. The results are dependent on the quality of the targe
and, to a lesser extent, atmospheric conditions.

The instrument measures 2 angles and a distanaedord the
position of a target. The heights of the target and the
instrument need to be known to relate them to pomton the
ground. The distance recorded is the hypotenusetteé right
angled triangle formed by the target, instrumentdathe
vertical angle. Angular measurements are made with reference
to the horizontal plane for verticals and an arbity zero for
horizontal angles (HZ=0).

SOURCES OF ERROR

There are three principle kinds of error when using an EDM:
random errors, systematic errors and gross errolRandom
errors cannot be avoided but their presence must detected

target point must be recorded for true heights to be measuredeixes of measurement of both the instrument and target must by anticipation of a given result. Systematic esroan usually

be truly vertical and truly horizontal to avoid error.



be ameliorated by good procedure. Gross errors aneually
the result of a major omission in observation praktee, for
instance failing to record the correct height ofrget when
measuring points with a detail pole is a typicalsgrerror. The
commonest systematic errors are described as nearlyo#ll

these can be compensated for by use of the correct applicatioilppm or 1mm per km.. Where a site covers a largeaor is

of procedure or by correct use of the instrument itself.

ADDITIVE ERRORS

The distance measured by the EDM may require adjustme
due to the instrument measurement position not beinghtted
relative to the instrument (i.e. not vertically cead over the
point being measured from) and/or by the zero axis the
prism not being vertically aligned over the centad the
tribrach (commonly referred to as the prism constanThese
are commonly combined to form the additive error. The
former value is constant for any given instrumeatd usually
compensated for by the instrument automatically. It izofthe
latter that can cause some problems, as it is variable fopdsm
type to prism type (typical values are 0, -17.5mB8%rmm) and
not therefore compensated for automatically by the instent.

If switching between two prisms with different cdasts, you

must remember to change the prism type used on the

instrument before taking a shot, or the results wi# in error.
Similarly, you must remember to switch from prisiR) to
reflectorless mode (RL) before measurement commende
using REDM.

SCALAR ERRORS

Scalar errors can have a number of causes, butuseally
caused by variations in atmospheric temperature and pressu
which cause changes in the velocity of the transrditbeam,
and therefore change in the wavelength. The ‘thinnee th
atmosphere, the longer the wavelength of the bearhese
errors are expressed in parts per milion (ppm) anancbe

compensated for when using the EDM (usually by inquttie Operators of EDM instruments should be familiar with
revised data in the appropriate section of the ooabd Ccommon survey practice so that they can set up oaepoint
software) if the temperature and atmospheric pressure arétnd understand:

Y, the expected performance of angular and distance

measurement

measured. As an example, a 1 degree change in dry bu

temperature is roughly equivalent to a scalar error of about
the importance of level and plumb axes for measurement

. . . calibration and verification of instrument error
to be recorded as part of a wider area, project co-ordiaat

o . x the correct sequence of measurement to ensure
values need to respect the projection used to map the wider

appropriate precision for both control and detail work
the appropriate point density for the desired drawi
quality at a given scale

area. Local and National grids use a projection to trangfer
curvature of the earth and the effects of variation irighe to a
plane. A scale factor is used to correct for the pragjen used:
this can be applied at the point of capture or apa@st process
adjustment. It is important to ensure that if a fedactor is to

be applied all members of the recording team are aware so that
the mismatch between adjusted and unadjusted woak ©e
anticipated. Control points derived from GPS sunshould be
supplied with a statement of the projection useddaa local
scale factor.

EDM survey is rapid and precise but requires theveyor to
select the data to be recorded in the field: itii®t a mass data
apture method like photogrammetry or laser scamnisingle
face observations are made from fixed points or tistas.

C

Depending on the size and complexity of the job further
stations may be set out as required or a traverssed to link
sets of polar (or radial) observations together.

Fig 3.3

TSE AXES OF MEASUREMENT OF AN EDM INSTRUMENT
Standing Axis = SA Horizontal Circle = HK
Tilting/trunnion Axis = KA Vertical Angle = V

Vertical Circle = VK Line of Sight = ZA

Horizontal Angle = HZ Zero Horizontal Angle = HZ0



Because EDM data is digital it is easily used irCAD
environment and can be employed to:

measurement speed up pointing and can help to emeethe
density of recorded points. REDM uses the samegple as

f Build up CAD drawings directly on site
f Construct wire-frame to control hand survey work
f Control the rectification and digitising of drawings and

reflector based methods but will operate over a useful &g
5 to 200 metres without a prism.
This has two principal benefits:

photographs f Speed of targeting
f Infill and supplement 3D photogrammetric, laser reca f Access to remote targets.
GGPS data REDM can be operated as a one-person system given t

EDM units are available with combined EDM and REDMdundancy of placing a prism reflector at the target. lagise
functions; this is very useful for building recaowgli work. two people are often required, both because subgectsually
Instruments that use a visible laser as a pointer for reflectorlesgquire a mix of targeting methods to provide compglet

coverage and for Health and Safety reasons

DATA LOGGING

OBTAINING GOOD REDM DATA SETS

Four simple steps will help to get the best from lesftorless

measurement:

f Use a real-time system to monitor the recorded pointsca
lines for verification of the measurement results

f Use a card target for edges; this will improve precisiorewh
measuring to edges as it will resolve split beam ambiguities

f Keep the range and obliqueness to a minimum

f Make overlapping observations separated by layenfone
instrument set up to the next as a check againsighe
error.

DATA LOGGING METHODS

REDM PRECISION

Data captured using an REDM needs careful monitorinthab
spurious points can be removed. Three variables thataffect
the precision of the reflectorless measurement, and d¢en
responsible for spurious points are:

f Rangethe return signal is diminished and the contact

area of the measuring beam is increased with loagge
observations.

f Obliguenessthe ambiguity over the targeted point
increases with the obliqueness of the observation aisthdces
will be corrupted.

f Reflectanceghe reflective quality and surface texture of
the target will effect the ability to measure distances.

Target and station positions are determined by thesriables:

stations will need to be close to the subject, andgiting to
Fig 3.4°PRISM MOUNTED ON A TRIBRACH edges with an oblique aspect to the instrument shoblel

For precise work fixed points need to be set outrefully: using a 5ygided.
matched set of prisms and tribrachs are essential foabidi work,
if targets are improvised precision will be compromised!

Data logging methods can be divided into two types:

f Post-procedBost-process data logging is typically used for
DTMs and control work at scales between 1:500 and
1:2500. If rapid capture and field equipment survaral
more important than detailed verification, a postopess
approach will give the benefit of robust field kit ambsd
of capture.

f Real-time CADhis is a method of digitising 3-D data from
the instrument directly into a CAD environment.

The use of real-time CAD capture is of great benefit for

large-scale close range work, such as the recordingetdildfor
When used with reflects$
instruments surveyors can edit and complete dataCiaD at

historic building surveys.

the point of capture. Close range reflectorless wpisuch as
internal building survey, is best recorded by real-time CAD.



WORKING WITH REAL-TIME C AD

Data loggers differ for post-fieldwork processing (ppsocess) data to be recorded in real-time. The surveyor can then draw

or real-time data capture. detail using the EDM to position points and linesthe 3D
CAD drawing. The product can be a 3D wire-frame to be used
POST-PROCESS LOGGERS as an outline for future hand survey or a complateawing.

Post-process loggers are tough and have low powegome survey practitioners use small devices sucRDx&s for

requirements. Data is viewed via a small screen on the logger ligcording real time data. These have some advantagestiose
the field, sometimes with a limited graphical fuoet but

usually as lists of observations. Data loggers fast{process

post-process data logger:

Advantage Disadvantage
survey commonly employ field codes attached to observationsGraphica| interface Ruggedness is compromised
by the operator as a means of data separation asfindion Portability The graphical interface is limited by
e.g. to identify line type, feature type, line stsibp etc. Many size and resolution
instruments are supplied with sufficient on-board noeynto Low cost Processing power and memory is
make the post-process logger redundant. The major heavily compromised
shortcoming of the post-process method is that migak g ai size CAD software for PDA platforms
cannot be easily detected and remedied on site eriibrs are is limited in functionality and not
detected, the relevant detail must be resurveyee fiollowing CAD industry standard : an? and
day. This can be problematic in situations where sitcess is 31d step in the ‘field to finish' work-
limited. flow is introduced

To get the most out of real-time CAD a field computer is
REAL-TIME DATA LOGGERS required. The best are those that use a pen interfacel have
In contrast to the post-process method, an EDM dag used daylight readable screens. These are more costlgntla

directly with CAD, using software that provides anterface standard laptop or PDA and may need external poviesm

between survey instruments and data loggers, afigusurvey g4 0 patteries. Weather protection is a must and all caklds

need to be of a robust quality. Ruggedised compmiteary
Fig 3.5TABLET PCs & THE DIGITAL WORKFLOW

Real-time CAD capture of EDM work improves the speed and

widely in specification and performance; it is impnot to
check carefully details like data exchange, power gupptl

quality of point selection and taking the CAD work to tisite screen performance before choosing a field unit. It musalbie

improves the presentation of CAD work. To date PDA to run an industry standard CAD application such as
AutoCAD® or Microstatior? to get the full benefits of using
CAD functionality in the field. Living with a computin the
field can be demanding on both the user and the hane; a

safe mounting bracket is a wise investment as it save a

alternatives lack this flexibility. There is a balance betwthe
cost of using a PC as field equipment and the speed andyquali
gained by using a ‘direct to CAD’ method. The vulnergbof
direct survey methods to errors in selection and presentation
of measured data can be ameliorated by using ieed-field
CAD but this is at the cost of specialised items like tablet PCs,
software and the reausite skills to use hem.

computer from costly damage and will improve theldi
working environment for the surveyor.



Fig36SEEING THE PLOTTED WORKAS
ITS MEASURED

Using a tablet PC to monitor EDM work is the best way to mapemal
building spaces: the real-time CAD plot enablesdmaselection and

point density to be matched to the drawing requirements.

PROS AND CONS OF REAL-TIME FIELD C AD
Tracing with an REDM into CAD is rapid. The density ofngei
can be matched to the required presentation startand the
quality of the work checked at capture. CAD editsade on
site (such as offsetting lines for details, closihgpes and using
fillet, extend and trim) can be effective but a baamust be
made with photographing or sketching detail forelaiCAD
work up. Setting up views of sectional elevatiorsnfra wire
frame can help in the selection of detail to belimed and is
vital in elevation work. Data can be separated andestlby
layer for line weight and type rather than by the ealtative
coding method. Full size details can be workedmuAD off-
site and then fitted to precise 3D positions using wirerfia

CHECKING DRAWING QUALITY WITH
FIELD CAD

There is a significant advantage in taking CAD to the site rathers

than taking work from the site to CAD, as selectioand
presentation issues can be resolved on site aneriag can be
organised easily. REDM data is particularly prongdor line
quality: choosing appropriate point density is atteraof skill
and this is something that is best checked at th@np of
capture. The conventions of the drawing can be agisagainst
the site at capture to resolve ambiguities of line weigit.

When using a direct technique like EDM, confidence in data

selection is important: it will be the only inforrian that is

transmitted, and therefore verifying the selectionpafints and
their correct presentation is vital. The guidance offeredased
on practical experience: the outcomes from survegvé a
theoretical basis but it should be remembered tlsatvey is a
practical art and has long been recognised as such. Hms pf
a large building comprising many rooms on sevelabr$

should not be attempted without a series of reliabtontrol

points linked together by a traverse.

CONTROL BY EDM

CONTROL IS THE PRECISE FRAMEWORK FOR
LINKING SURVEY TOGETHER

Control measurements underpin the precision of thehole
survey, so control data will be determined to a g order of
precision than that used for detail. EDM is an ideal for the
control of small sites as it is precise and flexible. Usneghods
like traversing, the precision of computed positiois raised
above that of radial detail shots. Although mostntol for
building survey is undertaken using an EDM, GPSsaoaply
data to high orders of precision for larger sitesutbits
application is restricted by the need for a clear viewaof open
sky. Control methods are often specific to partiaulsurvey
types, scale and speed of work.

The control methods described here are:

EDM Traverse: in the following section a manual hoeit

of traverse computation is described, there are man

software tools for the computation of traverses btie
example shown can be used to demonstrate the theory
and practise of adjustment. Sufficient informati®igiven

to carry out a traverse and the necessary adjustimen

computations. Traversing is the most widely apitiea
method of achieving precise control on a site.

f EDM resection from 3D detail points is described below in
the first case study (p 44). Resection is a methafd
determining station position by measurement to a
minimum of 2 other positions with known 3D co-
ordinates. It is a very effective method of achiewagid
positioning when working in confined spaces.



1. PLACE THE TRIPOD OVER THE POINT
Find the marked station from which you will work. Release kg adjustment screws of the tripod legs, pu# thipod

stage plate up to your chin and tighten them again. Open the legs dfiizal out to a diameter of over 1m and eye

through the centre of the top to ensure it is sittyy over the station. Level the top of the tripod bsye. Place the

tribrach and theodolite onto the tripod and tighten the fiki screw.

2. CENTRE THE TRIBRACH
Use the plummet to move the set up over the poitift two tripod legs and rotate about the third tget over the

point. When using an optical plummet place yourtfoser the mark to help you find it and move thesimument and

tripod together until it is over the station. Firm in the feef the tripod. Drive the centre of the plummet to the cée

of the mark using the thumbscrews on the tribrach: work &rscrews by turning them in opposite directionfiiimbs

in or thumbs out) and then the third screw alone. Watch the nkhanove and adjust accordingly.

3. LEVEL UP THE SET-UP

f

A - COARSE ADJUSTMENTRIBRACH BUBBLEdjust whichever leg the bubble on the tribrachinsline
with by using the leg adjustment clamp to push the bubble rrmtbe middle or to another leg. Adjust the legs in
turn until the bubble sits exactly in the middle.

B - FINE ADJUSTMENT: PLUMMHSe the tribrach thumbscrews to bring the plummetckaon to the
station mark then readjust the tripod legs to bring the bubbéek to level.

C - FINE ADJUSTMENTRIBRACH BUBBLEress the spirit level button on the theodolite to view the fine
tuning screen. Turn the screen to sit parallel with two foot-screws of thierach. Using both thumbs, in opposite
directions to each other, turn the two thumbscrews untilgthorizontal bar is level. Turn the back thumbscrew by
itself until the vertical bar is level. A small displacenwdrihe plummet mark can be corrected by gently loosgn
the tribrach fixing screw and sliding the tribrachdatheodolite until it sits directly over the statiorCheck the
fixing screw is tightened securely, the bubble @&teed and the plummet is over the mark before any
measurement is made.

Fig 3.7.1: Far right: from top: 1- Mount the instrument on thipod. 2- centre the tripod & instrument over the marlg-

centre the plummet with the tribrach foot screw, level thalirach bubble using the tripod leg adjustment.

Fig 3.7.2 Right: from top: 1- The tribrach foot-screws ared.@eand 1 by turning the 2 screws 'thumbs out' or 'thumbs in'

- never both thumbs in the same direction! 2- Levelling with leg adjustment. 3- grip the tripod leg as simoand slide

each leg in turn up or down as required to levektbubble. 4, 5- Bring the plummet back over the knaith the foot

SCrews.

SETTING UP OVER A POINT




STARTING CONTROL

this type of traverse to provide control if theresilittle existing

The purpose of a traverse is to locate points relatito each control in the area and only the relative positioffi the points is

other on a common grid. Surveyors need certain elementsrefiuired. While the loop traverse provides some dkeof the

starting data, such as the co-ordinates of a stgrgpoint and anfieldwork and computations, it does not ensure the detection of

azimuth to an azimuth mark. There are several wayolbtain
the starting data, and surveyors should make aorefb use the

all the systematic errors that may occur in a survey.

best data available to begin a traverse. Survey-control datd RAVERSE CLOSED ON A SECOND KNOWN POINT
available in the form of existing stations (with te@ation data A traverse that is closed on a second known point begins at a

published in a list or schedule) or new stations &dished by point of known co-ordinates, moves through the recpd

local agencies who can provide the station data).

OPEN TRAVERSE

An open traverse (Fig 3.8) originates at a startiggtion,
proceeds to its destination, and ends at a statiaith an
unknown relative position. The open traverse is theast
desirable traverse type, because it does not previthe
opportunity for checking the accuracy of the fielokk. All
measurements must be carefully collected, and eveogqrure
for checking position and direction must be usetheTefore, the
planning of a traverse should always provide fasate of the
traverse.

CLOSED TRAVERSE

point(s), and terminates at a second point of known co-ordisate
Surveyors prefer this type of traverse because it providebeck
on the fieldwork, computations, and starting data. It gisovides
a basis for comparing data to determine the overall acgquiaic
the work.

FIELDWORK

In a traverse, three stations are considered to bt immediate
significance. These stations are the rgéack) the occupied
(current)and the forward(fore) The rear station is the station
that the surveyors who are performing the traverse havet jus
moved from, or it is a point to which the azimuth known. The
occupied station is the station at which the paitylocated and
over which the instrument is set. The forward swti is the

A closed traverse either begins and ends on the same point (i.en@ediate destination of the party or the next st in

loop traverse, Fig 3.9) or begins and ends at mimtith

previously determined (and verified) co-ordinatese.( a link

succession.

traverse, which could also look like Fig 3.8). letthcases, the HORIZONTAL ANGLES
angles can be closed and closure accuracy can be mathelpat#idaiays measure horizontal angles at the occupieati®t by

determined.

TRAVERSE CLOSED ON A STARTING POINT
A traverse that starts at a given point, proceeds to its destion,
and returns to the starting point without crossinigself in the

sighting the instrument at the rear station and reeang the
Make instent
observations to the clearest and most defined argpeatable

clockwise angles to the forward station.

point of the target that marks the rear and forwarstations.

Measurements are repeated according to the

process is referred to as a loop traverse (Fig 3S)rveyors usespecifications.

E DM TRAVERSING

Fig 3.8 Link Traverse. If only the starting poitkhown, this is
considered an open traverse. If both the start and endfsoare
known, this is considered a closed traverse. Opeavérses
have no check on the position of the computed siati
positions.

Fig 3.9 This is a loop traverse and by its nature, must besed|
traverse.

required



DISTANCE STATIONS AND TARGETS

Use an EDM to measure the distance in a straighe between Targets must be erected over survey stations to pide a

the occupied and the forward stations. Measurememtge sighting point for the instrument operator. The survey target

repeated according to the required specificatiofifie simplest prism set is the most commonly used signal. A traimy set

method of resolving traverses will require a comgdithorizontal comprising 3 tripods, 3 inter-changeable tribracBs matched

distance to derive 2D co-ordinates for the stationlwas: be prisms and an EDM with data logger should be used.

aware that most survey instruments measure a slogeadice. A

correction for slope can be applied if the vertical angiel height TRAVERSE TEAM ORGANIZATION

of instrument and target is recorded for each shot. The number of personnel available to perform sunagpgrations
depends on the resources available and the sizeheftérritory

TRAVERSE STATIONS to be covered. The organisation and duties of a traverse party are

Select sites for traverse stations as the travemgmgresses.based on the functional requirements of the trawwrdhe lead
Locate the stations in such a way that at any one statioth the surveyor selects and marks the traverse-station lams and
rear and forward stations are visible. The number of ista$ in a supervises the work of the other party members. Thead
traverse should be kept to a minimum to reduce thsurveyor also assists in the survey reconnaissamzk planning.
accumulation of instrument errors and the amountadmputing At a minimum the traverse team should be competantsetting
required. Short traverse legs (sections) require the establisitimep an instrument or target over a point and understane t
and use of a greater number of stations and may seanecessity of recording all data associated witts thttion. An
disproportionate errors in angular measurement. 8rearors in understanding between operators of what to move amien it's
centring the instrument, in station-marking and imstrument safe to do so is required for the traverse to succeed.

pointing are magnified and absorbed in the azimuth closure as

errors in angle measurement. TRAVERSE OPERATION®Gnsist of the following tasks:
Instrument operation . The instrument operator measures the
STATION MARKERS horizontal angles and distances at each traverse station.

Station markers need to be securely fixed. They mustclearly Booking . If working manually field notes are booked in a
marked with the centre point to designate the exagbint of notebook and a record is made of the angles andadises
reference for angle and distance measurements. To assig-imeasured by the instrument operator as well as ather
occupation, surveyors prepare a reference documewttriess information pertaining to the survey.

diagram) showing the station location relative to a mimimof 3 Setting out and minding targets involves marking and
survivable marks. When working in heritage places itngdrtant witnessing the traverse stations, removing the targem the

to consider the impact of survey marks on the fabo€ the rear station when signalled by the instrument opera and
monument. moving the target forward to the next station.

Fig 3.10 Witnessing Diagram.

On setting up a station, the location of the markust
be recorded for future reference. The effort reqeid

to derive a precise position for the station is wasted if
it cannot be recovered!

Fig 3.11 Station Markers: a selection of markssigally
needed. Parker-Kalon (PK) masonry nails are good for
marks in masonry or tarmac. A clear centre mark is
essential.



OBSERVATION PROCEDURE If the traverse is manually booked make use of a preparelaverse. The correction is distributed among thegles of the
Traverse observations should follow a strict procedure: asgl observation form so that each angle and distance is recosted traverse. The computation is best dealt with as a fornwinich
turned in the same direction and taken in sets. dund of that it can be clearly identified with the occupied station, targethe field information is tabulated for clarity. Tigionally
angles describes the turning of the horizontal angle and a 'set'sttions and the heights thereof.

the data from 2 rounds, one taken on each face bkt

instrument. At each set up the surveyor should makee the TRAVERSE COMPUTATION

angles are booked securely and check the sets amaptete A traverse adjustment is based on the assumptioat #rrors
(including the instrument and target heights) befamoving on.  have accumulated gradually and systematically d¢fvout the

traverses are computed as 2D (x,y) data and theghts (z)
computed separately from the vertical angle and slope distanc
data. It is common practise to level the heightstioé stations

as a separate exercise.

Fig 3.12

Changing face or transiting the telescope to
change instrument faces: by using both faces of
the instrument for each round of observations
the precision of the observed angles is improved
by balancing centering errors.

Fig 3.13TRAVERSE BOOKING SHEET

Tabulated booking sheet for traversing showing theoking of face 1 and face 2
observations. The order of the table matches the ordertlsé observations, station and
target heights, horizontal angle, vertical angle and slopendis. The table has columns
for multiple observations using both faces of timstiument. The observation to the
reference object for the orientation of the traverse is cleaitientified as 'RO'. Where
an observation field is not recorded a null entry is madectmfirm the action is carried
out and that the entry has not been omitted. (Inislkexample repetition of the distance
measurements was not made on thed2ace observations). All traverse observation
records must show the identity of the surveyor, thééesname and the date of the
survey operation.



Fig 3.14 TABULATED COMPUTATION OF TRAVERSE OBSERVATI®@dtked example.

Sta Leg Hz Observed Angular  WCB Partial co-ordinates 5 Linear 6 Final co-ordinates Sta
Dist(m)1  Angle(d.m.s)2 Adj 3 (d,m,s) 4 "E(s sin a) “N (s cos a) (Bowditch) Adj.
+ - + - E N E N

R O - Sta 08 144.19.05

01 118.13.09 +2" 1000.000 1000.000 01
01-02 | 24.021 262.35.15 23.820 3.094 -.00% -.00B

02 186.32.36 +2" 976.180 996.9029 02
02-03 | 11.550 269.04.51 11.548 0.184 -.002 -.00p

03 259.11.26 +2" 964.632 996.717 03
03-04 | 5.576 348.16.17 1.133 5.459 -.001 -.00p

04 99.42.03 +3" 963.499 1002.176 04
04-05 | 4.585 267.58.20 4,582 0.162 -.00d -.00p

05 95.48.37 +3" 958.917 1002.014 05
05-06 | 21.231 183.47.17 1.403 21.185 -.003 -.00p

06 89.58.15 +3" 957.514 980.8292 06
06-07 | 19.652 93.45.33 19.609 1.28§ -.004 -.00p

07 170.07.14 +3" 977.123 979.541 07
07-08 | 35.094 83.52.47 34.894 3.741 -.007 -.00p

08 60.26.19 +3" 1012.017 983.282 08
08-01 | 20.607 324.19.05 12.01p 16.738 -.004 -.00R

1000.000 1000.000 01

™ 142.316 1079.59.39 21" 54503 54547 25.938 25.918

Angle Sum 1080.00.00 Distance Misclosure: ™E -0.030 ™N -0.020

Angular Misclosure: 000.00.21" Total Misclosure:

Precision:

Notes:

1 The horizontal distance. Most EDM units will report themodistance so the Horizontal distance will have to be catedl from the slope distance and vertical angles for eagh |
2 This is the mean of the angles observed at each station

3 The adjustment is distributed using whole seconds by size

4. The whole circle bearing is effectively the directianfrone station to the next relative to the RO (in this case Naoyth




ANGLE SUM

If the mean observed angles are reduced to the internal angles

of a polygon (Fig 3.15) a check can be made on the required
total. The angle sum will indicate the required total arfgr a
given number of angles in a polygon. The internal anglé®of t
figure will sum to:
(2n -4) x900
and the exterior:
(2n +4) x900

Where n= the number of angles in the polygon. The difference

PARTIAL CO-ORDINATE COMPUTATIONS
(at '5’ in the worked example)

1.

Figure 3.15 Closed polygon 2.

between the angle sum required and the measured angle is the

angular misclosure.

Stn Mean measured angle
A 1010 28' 00"
B 102 11' 00"
C 104 42' 00"
D 113 05' 00"
E 118 34' 00"
Angle Sum: measured 5380' 00"
Angle Sum: expected 54M0.00
Angular misclosure -0020 00" 00"

The angular misclosure is distributed equally between the
station angles and tabulated. The adjusted angles can now be
carried forward to the calculation of the whole circle s
between the stations.

Fig 3.16

THE WHOLE CIRCLE BEARING (in red) is
the direction component derived from the
starting orientation of the traverse. The
internal angle at each station is taken and
used to calculate the whole circle bearing.

WHOLE CIRCLE BEARING (WCB)

(at ‘4’ in the worked example)

After the angles are adjusted, compute the adjusted whole
circle bearing (azimuth) of each leg by using the starégibg
and the adjusted angles at each traverse station. Carry the
adjusted bearing throughout the entire traverse and thbaak
it against the observed closing bearing before beginniyng an
further traverse computations.

TRIGONOMETRIC TOOLS

To determine the co-ordinates of the traverse stations the 3.

trigonometric functions sine (denoted tsr) and cosine
(denoted byco$ are used. It is useful to remember how the
trig functions are derived when using them as a check on
misapplication: Sin=0/H, Cos=A/H and T=0O/A are the basics

If the co-ordinate of a point and the bearing anidtdnce
from that point to a second point are known, the €o
ordinate of the second point can be computed. The
azimuth and distance from Station A to Station Be ar
determined by measuring the horizontal angle from the
azimuth mark to Station B and the distance from Station A
to Station B.

A grid is a rectangular system with the Easting and the
Northing lines forming right angles at the point of
intersection. The computation of the difference the
difference in Easting’E) (side X) and Northing {N) (side
Y) requires the computation of a right angled trianglee
distance from Station A to Station B is the hypatse of
the triangle, and the bearing angle (azimuth) & khown
angle. The following formulae are used to comptite and
“N:

"E = sin WCB x horizontal distance

and

"N = cos WCB x horizontal distance
If the traverse leg falls in the first (North-Eastpadrant,
the value of the Easting increases as the line goesagalst
the value of the northing increases as it goes horfhe
product of the "E and the"N are positive and are added
to the easting and northing of Station A to obtdime co-
ordinate of Station B.

When using trigonometric calculators to compute a
traverse, enter the WCB angle, and the calculatoill w
provide the correct sign of the function and théE and
the “N. If the functions are taken from tables, the
computer provides the sign of the function based the
guadrant. Lines going east have positiles; lines going
west have negativé Es. Lines going north have positive
“Ns; lines going south have negatilds.



Easting and a displacement in Northing. If it ismsslithat the  angles four positions. Keep an angular closure of 10" pe
5. The following are examples of how to determine tHi®\ gistance errors present have propagated over the entire coursestation.

and the "E: of the traverse, a proportional distribution of the errdo each
f Given a whole circle bearing between Station A tat®n RATIO OF CLOSURE

leg can be applied. The standard method of proparéb
B of 70°15°15" and a distance of 568.78 meterss(fhils The RC determines the traverse accuracy and compateo
in the first [NE] quadrant), compute théE and the"N. adjustment (Fig 3.14). The Bowditch adjustment simply €Stablished standards. The RC is the ratio of thetastise

"E = sin 70°15°15" x 568.78 = +0.941200 x 568.78 = i it i i
453534 m distributes the misclosure (in the first case insttiag, then the misclosure (after it is reduced to a common ratio aralinded

“N = cos 70°15°15" x 568.78 = +0.337848 x 568.78 = Northing) by the leg length over the total distana# the
+192.16 m traverse. This correction is then applied to eachtbe partial

distance error distribution for traverses is th&owditch

down) to the total length of the traverse. If the RC does not fal
within allowable limits, the traverse must be redorit is very
possible that the measured distances are correct and that the
error can be attributed to large, compensating angular errors.

co-ordinates derived at ‘25’ above. The Bowditch distributisn

f Given a whole circle bearing from Station B to &atC  as follows :

of 161°12°30" and a distance of 548.74 meters (this fialls (sx™E)/ ™ for each leg Easting

the second [South-East] quadrant), compute tHE and and CO-ORDINATE ADJUSTMENT

the “N. (sx ™N )/ ¥ for each leg Northing When adjusting a traverse that starts and ends on twéedént
“E = sin 161°12°30" x 548.74 = +0.322128 x 548.74 = where: stations, compute the co-ordinates before the error is
+176.76 m s = the horizontal distance of the leg, determined. The correction (per leg) is determined iretkame
"N = cos 161°12°30" x 548.74 = -0.946696 x 548.74 = ™ = the total horizontal distance run. manner, but it is applied directly to the co-ordites. The

-519.49 m ™E = the total distance misclosure in Easting correction to be applied after computing the first leg is elgua
_ _ . . ™ = the total distance misclosure in Northing. the correction computed for the first leg. The correction to be

f Given a whole circle bearing from Station C to $tat A applied after computing the second leg is equal the
of 294°40°45" and a distance of 783.74 meters (this falls correction computed for the first leg plus the correction

. Height calculation is possible from the vertical angle
the fourth [North-West] quadrant), compute the’E and computed for the second leg. The correction for thbird leg

the. "N observations: it is common practise to level theaverse _ _
“E = sin 294°40°45" x 783.74 = -0.908660 x 783.74 = -Stations as a separate exercise to derive heights dgb a equals the correction computed for the first leg usl the
712.15m simple transfer of height by trig using the disesicinstrument correction computed for the second leg plus the cection
"N = cos 294°40'45" x 783.74 = +0.417537 x 783.74 = /target heights and the vertical angle data can be used. computed for the third leg and so on throughout titeaverse.
+327.24 m The final correction must be equal to the total aection
ACCURACY AND SPECIFICATIONS required.
ADJUSTMENT OF DISTANCE MISCLOSURE The overall accuracy of a traverse depends on the equipment,
(at ‘6’ in the worked example) the procedures used in the measurements, and theugcy of ~ Sources for this section on EDM traversing:

The distribution of the difference between the computed co- the starting and closing data. An accuracy ratio atig of ~ US Army Field Manual
ordinates measured in the traverse and the expected co-closure* (RC) of 1:5,000 is the minimum accuracygit in ~ 3-34.331 TOPOGRAPHIC SURVEYING 16 January 2001

ordinate position of the known point(s) is then®step in  topographic surveying. In obtaining horizontal distances, afhapter 6.
accuracy of at least 2 millimetres per 100 metersisin be http://cartome.org/FM3-34/Chapter6.htm(used with  kind

resolving the final co-ordinates of the traverseaatsins. The
distance error will be in 2 components: a displacemén obtained. When using a 1" theodolite, turn the horizontal permission)



CHURCH OF ST. JOHN THE BAPTIST, INGLESHAM
REDM, hand-drawing and rectified photography contbite
produce two sectional elevations.

As it now stands, the church has remained substdigti
structurally unaltered since the ®6century, although the
exterior shows evidence of repairs undertaken over the last
200 years, as well as recent bracing and fixing insidechurch
to ameliorate the effects of structural movementhdl church
was declared redundant in 1979 and care vested he t
Churches Conservation Trust. The main problem inricg for
the church is to preserve what has been called itsided
informality’ while arresting the damaging effecfsage and
weather. Much of the interior is decorated with mural pigs
of different periods, in places up to seven layérgk. These
include an early 1 century doom on the east wall of the

north aisle, 1% century censing angels above the chancel arch

and 19 century texts including the Creed, Lord’s Prayarda
Ten Commandments.

THE SURVEY REQUIREMENT

Two sectional elevations at a scale of 1:20 were requiredyeto
used as a metric framework for and supplement t@ragram

of rectified photography of wall paintings. Scdife and

f

REDM - for the provision of accurate line work coiregy
most of the required elements of the two drawings,
including the principal sectional cut-lines througthe
building, the roof structure and exterior detailThe wire-
frame from REDM also acts as a metric frameworkhiit
which parts of the drawing derived from other methed
can be positioned.

f Measured drawing — for sculptural details (e.g.usoi
capitals, elaborately carved woodwork and pews)eTh
depiction of these at a scale of 1:20 requires a degof
edge selection not possible using REDM. Both measur
drawing and direct plotting techniques were employesd
appropriate.

f Photography — this was the best method for recording
relatively flat, repetitive details with well defith edges.
Photographs can later be rectified using REDM data as
metric framework, and detail digitised from them dtet
correct scale and in the correct position. Photoghy is
also unquestionably the best method for recording
textural detail.

Survey was undertaken using Leica TCRM 1105 and T&R 4

ladders were not to be used inside the church, and no marks orota| stations linked by Theolt (a real-time intace to

targets could be left on the walls because of thegflity of the
wall paintings. Drawing products require a highlglestive
approach to recording and for this reason ‘direct’ wey
methods were those used for the bulk of the recording.

TECHNIQUES USED
The techniques employed to generate the final drmsi
comprised:

AutoCAD®) running on Motion M1300 and WalkAbout
Hammerhead field computers.

CONTROL

The first stage of the survey was to undertake a traeers
around the outside of the church, linked to the émior by
spurs shot through door openings in the north and soutHeais
Outside the traverse stations were marked with survey pins,
whilst on the inside of the church detail points kgeused (for

CASE STUDIES: ED M

example corners of floor slabs, parts of lettering the same).
The observations taken by the instruments during tketting
out of the traverse were processed using Geositeficd 3.2
Pro traverse adjustment software, and the adjustedtish
positions computed. Witness diagrams were created &ll
stations, supplemented by annotated photographs ohesmf
the interior stations to avoid any possible ambiguities in their
identification and subsequent reoccupation.

Fig 3.17

CAPTURED 3D WIRE-FRAME

The wire-frame gathered by REDM. Although survey is
presented as two flat’ drawings the wire-frame frawhich
the drawings are derived is fully 3D. This allows the wuiikh
rectified photography to use 3D detail points as tne
constraints. All detail related to major structuralements
which appear in the sections, including projectedtadls,
windows and roof structure have been mapped. Other
features, such as the outlines of the pews in teatoe of the
nave and some of the ornate wooden screens, havig baen
mapped in outline. These features are recorded fiffecent
techniques and the wire-frame provides positionifty the
data derived from these sources. The cut line for the settio
can be seen running along the floor of the nave.



The stations on the traverse were positioned:

f Where station markers wouldn't be disturbed.
f Where the tripod was generally out of harm’s way.
f Where one station was visible from the next.

SURVEY

Once a control network was in place, much of the RED
survey within the building could be undertaken frofinee’
stations, the positions of which were computed by resewtio
two or more reference points with known co-ordinagein the
building. Tripods with prisms can be set up over stationgfun
traverse and used for resection. At other times fihay be
necessary to use unambiguous points of detail direia the
drawing as resection points (e.g. the head of &4 oia hinge).
Changing and re-establishing station position iguitk task
with practice, and in building recording it is usually neaesto

REDM & MEASURED DRAWING OBETAILS

each section through the building, defined by theispective
planes. Further line work is then infilled as apmiate. As the
output scale was 1:20, considerable care was taken when
measuring with the REDM to take points at intervals

commensurate with this level of detail.

f Where walls are relatively flat’ or ‘straight’, the pts can
be taken at wider intervals.

f Where the edges curve (for example, when tracing the
lines of an arch), points have to be taken at mumbre
frequent intervals in order adequately to expreshet
shape of the object in the drawing at the chosen scale.

Data is separated in CAD using layers to distingud#fferent
elements of the work. Thus, for example, lineweggyhtutlines,
roof detail, wooden screens, structural elements of eaaisles,
chancel etc. are placed on different, clearly named lajers

move the instrument many times to achieve optimum coverageorder to organise the work on site and to make the task

The free stations used were positioned:

producing the final drawings easier.

f Where the instrument had an optimum view of the Measured drawing was used to record features in theirch

subject. An oblique view usually gives better resdhan
face-on for edges and arrises.

that were best recorded by this method, for examplee fine
details of the fixtures and fittings visible in thection. By using

f To minimise laser spillage and avoid two subsequetit s the REDM data to locate them, the drawings only de@ local

ups to survey an opening, for example.

control, saving time on setting up plumb and datlines. The

f To optimise range and angle of EDM incidence: steedield drawings were digitised and added to the CAltawing,

shots at long range will fail, so aim to reduce thistance
and obliqueness to the target.

Survey started by drawing the principal outlinest(oes) of

Field CADoiw is
separated from other data sources by layer in CARewly
added elements of the drawing are inserted on a nieyer,
named appropriately to to record its provenance.

using the REDM wireframe for position.

Fig 3.18 MEASURED DRAWINGS were prepared of the fittings iahdds revealed by the section. The plotted drawings were
positioned as 2D blocks in the 3D wire-frame. By using the RElata for positioning the drawings only local control wasdied
thus saving time on setting up plumb and datum lines. Theffited CAD plot of the detail is shown at bottom.



As well as measured drawing, photography can agésaded to
supplement REDM wireframe. Photographs was takéngua
Nikon D70 6.1 MPixel digital SLR, with an output image of
3008x2000 pixels. In Fig 3.19 a photograph of a part of eedar
wooden screen has been rectified to fit the REDM wireframe,
and detail can then be traced from the photogragmoToPlan
(by kubit Gmbh) was used for digital rectification in CADhis
allowed on-site rectification of the photographs nradiately
after they were taken. Note that the rectification imono-
planar, i.e. detail can only be traced reliablynirdetail in the
rectification plane: projecting or recessing detailich as the
back of the pew on the larger photograph abovesibject to

distortion, and cannot be used to generate linework.

The balance between techniques used to complement th1ED
survey shows how the strengths and weaknesses féérdnt
methods can be optimised to generate an integrat€d4D
product. In Fig 3.20 (2 from left) the REDM acquired
wireframe of the capital of one of the columns ihet nave is
shown. The data is highly positionally accurate] #re points
recorded all in their correct 3D positions (as igsible on the
right hand side of the picture). It does not, hovexy describe
the form of the capital adequately for reproduction at alscaf
1:20, and the subtlety and flow of the lines useddefine the

Fig 3.19 The result of tracing some of this defaim the
photographs: it would not be desirable to recordishtype of
detail with REDM, the object size is smaller thae thize of
the measuring beam and the number of points neededlds
require the surveyor to spend a great deal of tiroellecting
the data. A simple edge trace can provide an adeui2D
framework for the adding of material from other sourcékhis
part of the drawing also includes (in the lower paif the

image) some more pew detail recorded by hand measurement.

REDM & PHOTOGRAPHY OF DETIALS



form is not successfully transmitted. The capitahswalso
recorded by sketch, (Fig 3.20,nd2from right) and with
photographs. The sketch amplifies edge selectiod, shows a
more developed method of transmitting the complex 3-
dimensional forms of the capital in an intelligiblay in 2
dimensions. No other method comes close to the taxal
richness of the photograph, but the data is undifferentiafehe
drawing and the photograph complement each other, amel t
latter gives confidence in the selection of linewoitr the
former. The measured sketch can then be ‘worked up’ inDCA
and positioned on a new layer in the drawing usihg tvire-
frame as a metric constraint. The end result ofndoining the
data in this way is shown below (right). The CADdivork
digitised from the drawing the drawing is ‘flat’, but iseirted in
the correct position in the wireframe.

SUMMARY

For the production of ‘finished’ drawings of a building,single
technique can provide all the answers: REDM gepérat
wireframe forms, as the name implies, a framewotich may
be used directly for much of the drawing, but whielso

USING REDM & SKETCHING FORDETAILS

constrains and places information derived from otmegthods.
It may be the case that the REDM wireframe is usdmiost
solely for such purposes, for example to constrain musaphy
during rapid survey with limited time available dte swhere
such methods are commensurate with the brief anduied
products of the survey.

In the survey of Inglesham Church, data was integratad fr

five sources:

EDM control

REDM wire-frame
Measured drawing
Detail Sketch
Rectified photography

~ ~h ~ —~ —x

CAD is a good tool for bringing the components togethe
because it is capable of handling 3D vector data welkk Wwiork
plotted from measured drawings, traced from phota@nd
worked up from sketches constrained by wire-framencall be
scaled, layered and fitted to the 3D EDM data. CADthe
route from measurement to presentation.

DETAILING OF CAPITAL

METHOD USED FOR
Clarification
of edge

Sketch selection &
form
3D

REDM trace positional
accuracy

Photograph Site record

Measured drawing not used

Rectified

photograph not used

Photogrammetry not used

Laser scan not used

REASON FOR
CHOICE

Selection of edges,
transferable to CAD

CAD goal: the
position of the
subject fixed

Rapid capture of form
and texture

Measurement derived
from REDM trace

Not a mono-planar
subject

High cost
High cost

Fg 320 RECORDING THE CAPIT/
From left: Photo, REDM trace, sketch and CAldt



CHURCH OF ST. JOHN THE BAPIST INGLESHAM

Fig 3.21 The cross section looking East. The section revealdeffmrmation of the nave arcade and the extent of thellwatation on the south aisleéSmall areas of incomplete detail in the
roof voids and at wall plate height were the resaft restricted access. The integration of measudrdwing, digitised rectified photography and REDM fanerated the completeness
required for the sectional elevation.



CHURCH OF ST. JOHN THE BAPIST INGLESHAM

Fig 3.22 The long section looking North. By using the cormmhbination of drawing , photography and CAD work, the REBWMvey records the interior of the church in itaugent state.
The selection of lines and depiction of detail is consistéttt the project requirement to proviude a 'base map' tmpivall painting conservation works. The inclusiohtbe furnishings and
fittings serves as both a record and a management archiitree@ondition of these fragile items.



CHARTLEY CASTLE, STAFFORD

As well as contributing to building survey, EDM can also be
used for a number of other applications, such as generating
topographic information. Whilst this is useful and important for
placing a building or structure in its setting, it is beyohe t
scope of the present document to discuss this irajrdetail.

An overview of the process and products is given below, with
reference to a survey undertaken at Chartley CastisStafford.

The survey requirement was to supply the site amangeémen
team with a site plan upon which to plan and record
conservation actions and manage visitor acess @dite. The
suvey was to be used as a site record prior to aeblogical
investigation.

Whilst most building survey is undertaken using the EDM in
reflectorless mode, topographic survey is usuatipeal using IR
measurement with a reflective prism on a pole. histtype of
survey, two people are usually required, one at the instent,
and the other holding the detail pole, although some of the
more expensive surveying instruments permit remote control.

It must be emphasised that using EDM for this kind of work
relies on the effective co-operation of the surevyoperating
the instrument and the surveyor holding the prism at the point
of detail: it is the person with the detail pole who is makihe t
active selection of information. To be effectiveethurvey team
must be fully aware of the required selection and depiction
requirements of the survey. Useful equipment tovéavhen
undertaking this type of survey includes:

CASE STUDIES:EDWMW

Figs. 3.23 & 3.24 The traverse showing the distribution of controlled stations (above), and)(teddhard detail' mapped
from the traverse stations.
X a 360 prism (which does not have to be ‘aimed’ at As well as recording the positions of objects in a landscape
the instrument) which have ‘hard’ edges (e.g. trees, fences, walls etc.), the
x walkie-talkies or field radios for communication instrument can also be used to record the general shape of the
between operators when at range. ground surface, thereby forming a Digital Elevation Model
(DEM) of points in 3D space, which can in turn be surfaced and



survey in an ordered state. The illustrations areeimded to
demonstrate the constituent parts of the surveyl ptoduced
on site using EDM.

CONTROL

First, a traverse is undertaken, as shown (Fig )3.2@h
distances and angles clearly indicated. This fuedtahpart of
the survey work should be provided with the finished survey,
as illustrated in the final product plan at the end of thast®on.

HARD DETAIL

Features forming ‘hard detail’ may be added, sictvall lines,
fences, vegetation (if required) and any other featursguiring
recording (Fig 3.24).

DEM

Additionally, break lines can be added. These deSharp
changes in slope such as top and bottom edges fisigmi
breaks of slope. In this example, the top and bottom edges of
ditches and banks have been defined by walking thittdetail
pole and taking points at intervals appropriate gbowing the
shapes of the features at the required scale. The break-lines
provide the ‘skeleton’ (Fig 3.25) which defines tbroperties

of the elevation model. In order to fill in the slopalefined by
them, additional points are taken as levels. Irs takample,
flatter areas are covered by an approximate gridpoints (Fig
3.26), whilst a series of concentric rings have beerdusegive
more information about the slopes of ditches andnks
Where features are more complicated, they may require more
points to be taken to elucidate their shape properly. Dstaiot
resolved by the DEM are mapped by additional EDM
observation or measured drawing so that the infotioa
collected is commensurate with the required scale.

Figs. 3.25 & 3.26 The break lines added and, below, the sqggdttheshowing the distribution used to cover both flat oEmeas
and steep embanked areas



Once the levels and break lines have been surveyad,
Triangulated Irregular Network (TIN) can be generatdidking

all the points taken as levels and, depending on the relégixel

of sophistication of the software employed, takingo@mt of
the break lines as well (Fig 3.27). This forms a 3D ‘modéli®
surfaces recorded, which can be used for a numbdr o
purposes. It can usually be converted to a regular grid.

The general approach is to use the elevation model to generate
contours as shown in Fig 3.28. Most contouring weafie
permits the specification of contour interval, caloand layer

for major and minor contours, labelling options ard forth.
Contour models often need to be edited with care after they
have been generated in order that they show therfier of the
landscape adequately.

PRODUCT

The finished product, incorporating all of the data surveyed in
to one composite plan, is shown below (Figs. 3.29 and 3.30). As
well as Eastings and Northings (labelled as tick markand
the edges of the drawing), the traverse diagraninduded in
the upper left corner, and a co-ordinate scheduler fthe
stations in the traverse included at lower left. A Nbrsign is
included, as well as data about the scale of thepoytthe
names of those who undertook and checked the survne
dates between which the work was undertaken, and eation
diagram (if necessary). Some elements of the irdtion may

be removed for clarity, such as most of the levels uged
generate the elevation model.

Figs. 3.27 & 3.28 The DEM (top) and the contour model.
Following pages, Figs. 3.29 & 3.30: the plotted survey asmed on the drawing sheet. The monochrome version gives a
indication of the line weights used.
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EDMTOOLS

PRISM ON DETAIL POLE
For shots to ground points
and sight lines obstructed
for reflectorless
measurement. Used
vertically as verified by

level bubble
TRIBRACH
PRISMS BUTTERFLY TARGETS
Interchangeable base plate ] ] . ) o )
A prism is essential for precise measurement in inf Used for marking photo-control
for the EDM and target )
red mode for control. on fagades and control points for

prism. It is equipped with a
bubble to level it. A set of
3 is essential for traversing.

There are 4 main types: Mini, circular, 360 and tap reflectorless measurement.
Require attachment to the facade
using adhesive, so must be used

DIAGONAL EYE PIECE with care. TAPE MEASURE

Adapter for the telescope to enable steep For measuring the heights

shots: a vital accessory for building work. of instrument and target.
EDM

Also known as a Total
Station Theodolite (TST).
Used for measurement of
selected angles and distances
to targets or points. Consists
of a tilting telescope with
EDM unit mounted co-axially
and 2 circles for the precise

TRIPOD STATION MARKERS measurement of horizontal
Means of stable support for A variety of marks will be needed gnd vertical angles. Data is
the EDM unit. Legs are for setting out control stations. A recorded either in internal
adjustable. A set of 3 are perimeter traverse must be memory, on a data card or
needed for traversing. securely marked. Internal building an external device such as a

survey does not usually permit the  field computer or a data
FIELD COMPUTER use of permanent marks. logger.

For real-time CAD capture of the instrument data.
mounting bracket should be used to protect the
computer and keep the work in view.



GLOSSARYOF TERMS FOREDM SURVEY

As-built survey Survey recording the building as intermleat an agreed date in its construction.

As-found survey Survey with a minimum of interpretative input.

Base line A line between 2 points of known position: used @$eaence for orientation.

EDM Electromagnetic Distance Measurement : can be by use lettaf or Reflectorless
[REDM].

End-over-end The extension of a base line by orientatioitgtart point.

Laser Light Amplification byStimulated Emission ofRadiation - the infra-red beam used hy

REDM for distance measuremeandtarget pointing is laser modulated. Laser lighl wi
travel in a narrow beam but it is subject to reflectance andnbetivergence.

Orientation The primary direction from which measument is made. Orientation is an essential
process in any survey. Orientation requires a start poirrigo] and a direction.

Photogrammetry The science of extracting measurementl drawings from [stereo] photography.
Classical photogrammetry requires the use of a calibratehera and a stereo plotter to
produce 3D wire-frame data or orthophotographs.

Rectified photography A photograph where the tiltdascale of the image have been adjusted to fit oant
values; typically mono-planar.

Resection The solution of an unknown location by EDMeotations to at least 2 known points to
determine the point of occupation.

Tribrach An interchangeable base plate for theodolite and tardetglled by 3 foot-screws and
centered over a point with an optical or laser plummet.

Traverse A network [usually a loop] of points dertvérom rigorous adjusted measurement of
angles and distances.
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RECTIFIED PHOTOGRAPHY FORMERITAGE DOCUMENTATION

TECHNIQUE SUMMARY:

f Single scaled image

f Multiple image mosaic

f Digital Rectification

f Multi-planar rectification

I NOINHD3I L

f Control measurements 3D
f Control measurements 2D

f Archiving photography

f Metadata, annotation

f Camera performance

f Using low cost cameras

f CAD and GIS applications

OBJECT SIZE <1n? to 30nT

PRECISION +/- 10-30mm
SOFTWARE Photoshop 2D CAD Digital rectification packag
ASSOCIATED

TOOLS/ Darkroom / Digital image processing

SKILLS

SKILLS REQUIRED APPLICATION
Photography, aligning the camera, setting out = 1. SCALEABLE SITE RECORD
control. Rapid capture of site information with minimum
equipment.

- _ 2. RECTIFIED PHOTO-MOSAICS
Anticipating image cover and balancing CAD ready photo-mosaics as condition records of
exposures. elevations, floors, etc.

3. BASELINE RECORDS OF CONDITION

: = . Material condition and texture can be recorded using
3D surveying for the definition of multiple plane actified photographs.

Systematic observation and, anticipation of 4. ON SITE _VER|F|CAT|ON O'_: METRK: SU.RVEY
results. Use of EDM (3D) and proper use of ley. Support for interpretative drawings, diagnostic
and plumb line (2D). detailing, component diagrams and explanatory
sketches.
Indexing, archiving and managing metadata.
5. INFILL TO OTHER METRIC TECHNIQUES

Be able to encode and understand the need fo Composite vector and image products are very

recording camera data, data backup and data = successful in meeting a variety of project needs:
provenance. floors wall and ceilings where the subject is reasonably

flat can be recorded economically. If colour is
important (wall paintings mosaic decoration, etc),
good quality scalable imagery works well.

Understand and communicate the limits of the
equipment used.

CAD literate, 3D aware, understand
vectorisation, layering and line weights/scale = 6. LOW COST METRIC SITE RECORDS

Digitising, photo-mosaicing and layering image Where resources are limited a 2D scaleable
data in CAD and GIS. photographic record can be achieved with rectified
photography.

Controlling the scale and quality of prints produced by adhgarty dark room can be difficult. Digital
processing requires care to get adjustments consistéeross batches, and care in achieving properly
resourced archiving and copy production.

Photography using consistent lighting with balareogmbsures to both record detail and texture is
essential. Understanding how to achieve photo-coverage of theXignt of the subject is vital: experience
in framing and camera position is a must.



CONSTRAINTS ON APPLICATION

Rectified photography is a relatively simple teghai that can

be extremely useful in preparing records of subjedise
decorated floors or wall-faces with textural detailUsing
rectified photography to record relatively flat objects very
effective, BUT if the subject has a complex 3D surface the
method will fail because it is a 2D technique.

KEY CONCEPT:THE PLANE OF
RECTIFICATION

The required metric control used for rectified phography is a
minimum of 3 points (ideally 4) fixed by measuremmehese
points will define the plane upon which the image is corrdcté
we consider the facades of a building as plane=zit be seen

that each facade could have its own plane of rectification.

Fig 4.1 RECTIFIED PHOTOGRAPH OF A BYZANTINE MOSAIC FLOOR.

Below: the camera position for the original captured image ws&agerely
restricted by the fragile nature of the floor. Riglthe rectification using a
simple measured square. Note that the consideralistortion of the
perspective image is removed but that the image quality is comiged in
the top third. The plane of rectification, in this case, is thenplaf the

floor.

INTRODUCTION TO RECTIFIEDP HOTOGRAPHY



PROPERTIES OF THE IMAGE
The quality of the corrected image is largely degemt on the

quality of the camera used and the exposure takeare must

be exercised to avoid the use of images with extreme tilts,

lenses with extreme distortions, (i.e. wide-andish-eye) and
exposures using poor lighting, inadequate camergatipor

badly matched media sensitivity.

DIGITAL CAPTURE

A digital image is extremely useful as digital ifmeation
techniques are quick, relatively cheap and can b Use
overlay work in CAD or GIS systems. Cameras wittgk pixel
arrays are generally better than smaller
information is captured. Good quality images (e.gnéga-pixel
or better) generate large file sizes, so provis&hould be made

to store and handle them.

CONSIDERATIONS IN USING
RECTIFIED PHOTOGRAPHY
Rectified photography is a relatively quick and $mgurvey

method useful in circumstances where the subject is flat and

contains a large amount of textural detail. The Hamue must
be used with caution, however. A standard photodrag, for
example, a wall cannot usually be used to scaleacturate
dimensions because of errors caused by one or mofethe
following:

x the camera lens is not completely distortion fre€his is

USING RECTIFIED PHOTOGRAPY

x the facade of the wall is not completely flat, so partghef
wall nearer the camera appear to be larger than gho
further away.

x the photograph was not taken with the negative @aof
the camera completely parallel to the facade of the wsal
the scale varies across the image.

To rectify means to correct, adjust or redress amr@. In the

term ‘rectified photography’, the correction applies érrors in

the scale and position of objects in a photograph.

ERROR REDUCTION
Although we use the term ‘rectified photographyhetusual aim

Ones as MOr€g to minimise error while taking the photographdito make

only minor adjustments by rectification. Improved age
resolution is achieved by using a high quality large-fo(&ia. u
4in.) camera. Taking care to ensure that the camera idlpata
the facade will lessen the risk of varying scalemaAno-rail
camera is ideal because the rising front and othevements
can be used to avoid tilting the camera. If a vgathade up of a
number of distinct planes it is possible either to scdie same
photograph several times or to take separate phatgghs for
each plane. Where a wall is undulating or has mamangd,

rectified photography may not be suitable.

SCALE AND CONTROL
To have metric performance the photograph must bealed.

This can take the form of a simple scale bar or measureaktarg

usually the case with 35mm film cameras and CONSUMEfived to the facade. The distances between the ¢tsgcan be

digital cameras, especially those with wide-angle lenses.

determined with a tape measure or by EDM.

Fig 4.2 SIMPLE SCALED IMAGE
By including a scale in the image some metric médion on the
plane of the scale can be recovered.

Fig 4.3 LARGE FORMAT (5in x 4in) MONO-RAIL CAMERA

This camera has almost unlimited movements of the imageepl
relative to the lens plane. This is extremely useful in remotiltsgin

the image at capture. Digital capture is now possible with these
cameras by use of a digital back: the large formaans very high

resolution images are possible.



USING

Photographic negatives can be printed to scale udargroom  with a single shot.

methods. Improvements in the quality of digital caasemean
LOW COST RECTIFIED

PHOTOGRAPHY
eIt is possible for rectified photography to be cad out with

that images can now be used for rectification onP&. Film
captured images can be used with digital toolsc#nsied from

negatives. Where darkroom methods are employed, th

enlarger head will be raised or lowered until thequired scale relatively low cost equipment. Much useful work dae done

is achieved by matching the image against a salgleor a plot using a standard 35mm format camera, although aingelr the

of the targets. Tilting the copyboard can compersér minor format/number of pixels and the better the qualigf the

. . . T camera, the better the results will be. It shoulds@a be
displacements in the image plane. Rectificationuireg a

minimum of three but usually four measured targpts image, remembered that wide-angle lenses suffer from gzedens

although correction can be achieved using ideaiin of distortion, particularly towards the edges of therfnat. A

horizontal and vertical lines. Once the image hasrbrectified tripod, & hot shoe spirit bubble and a 1m long dpievel wil

it can either be printed at the required scale or combined with also be required.

vector data to produce a composite product. With mogigital IMAGE CAPTURE PROCEDURE

rectification packages it is possible to producenasaic from a The camera is mounted on the tripod and levelled usir bt

number of photographs. This facility is useful abjects such shoe bubble. There are four conditions to ensureethaptured

as tiled floors, where it is impossible to cover the whaelebject . . )
image is square-on to a fagade and scalable:

RECTIFIED PHOTOGRAHY

1. Horizontal axis is truly level

2. Image plane is parallel to facade plane

3. Control is present in the image area

4. Camera back (image plane) is vertical

The image plane can be brought approximately per&dl the

facade plane in two ways:

1. Sighting the centre line of the view finder onto a liset
out normal to the facade (e.g. by 3,4,5, triangle).

2. Setting up a level line on the fagade (e.g. byimgaa long
spirit level or a levelled chalk line) and aligning 6zontal
line in the view finder to it. The camera is theotated
from side to side until the spirit level appears to be pkala
with the base of the viewfinder. For this method teork
the spirit level must appear close to the bottom ¢wp of

the format.

Fig 4.4 RECTIFIED PHOTOGRAPH OF A MURAL SUNDIAL
The camera-subject distance has caused severe perspective idistarhich is removed by rectification (in this example using PhoT6Rl&®nce
rectified, the image can be used for scale drawing production geavdnly the plane of rectification is worked upon. This images eaptured with a low-

resolution camera and the effect of this can bersegethe top half of the rectified image. The stighrvature of the horizontal lines in the lower parfo

the image is due to barrel distortion; this is affext of a wide-angle lens.



Where more than one photograph is required to cover a fagac

it will usually be necessary to use measured coantaogets for
scaling rather than just a scale bar. This will help maiotznall
accuracy as the distance from the first photographthe last
will be known.

Square-on photography can be scaled in CAD provideel
image is truly parallel to and co-planar with thebgct. It is
always best to take imagery ‘square-on’ to any qgal
architectural features likes doors, windows, niches etthdugh

any oblique image can be rectified, you will always end upawitt

skewed image of a feature like a door, window etc if taken
square-on. A digitising tablet can be used to sealgacing of
the image provided it contains sufficient controldchieve this.
The tablet will be calibrated using co-ordinate valuestéogets
appearing in the photographs or a scale bar. As an altem#t
a digitising tablet, a 'heads up' approach is pssising digital
images inserted into a CAD drawing and scaled/retato fit
detail or control points. Detail can then be tracexh screen or
the image can be used as part of the drawing in its own right.

Digital images can be prepared for digitising or saio
production by using photo-editing software to conmzate for
distortions due to perspective, to balance colourdacontrast,
or to crop extraneous information after rectification.

RECTIFIED PHOTOGRAPHY :IMGE CAPTURE

1. LEVELLED
HORIZON LINE

If a level line on the
facade is lined up with a
grid line on the
viewfinder, the
horizontal plane of the
camera is made parallel
to the horizontal plane of
the facade.

3. ASET OF MEASURED DISTANCES ON
THE PLANE OF RECTIFICATION

A minimum of 2 distances, one vertical and one
horizontal, are required to determine the scale off
the plane.

b

2. CAMERA BACK SET OUT|
PARALLEL TO FACADE
Achieved by swinging the camera
and lining up a viewfinder grid
line with a horizontal line on the
facade or, by aligning a vertical
grid line onto a normal line set
out from the fagade. A tripod is 4. VERTICAL
essential to eliminate camera

shake.

To understand the scope and limitations of rectified

photography, those with little or no previous exgence will
require field and office practice. The photographgeparing
rectified images will also benefit from hands-orokiedge of
CAD, good quality three-dimensional control and a medical
and systematic approach to undertaking survey.

CAMERA BACK
Achieved by tilting to
align the back with a
plumb line.

PLANE Ol
RECTIFICATION

‘Normal' line set out (by taped
3,4,5, triangle or optical square)
from the facgade.

Fig 4.5 THE 4 REQUIRED CONDITIONS FOR A SCALED SQUARE-ON PHORA®H. The image plane is set up parallel to the facade planer{showllow): the required geometry is indicated. In
this case a vertical and horizontal line imposed on the fagade with a neeladistance determines the facade plane. Alternatively control péixed by REDM can be used.



RECTIFIED PHOTOGRAPHY :IMGE RECTIFICATION

Fig 4.6

DIGITAL IMAGE RECTIFICATION IN CAD

The distorted image (top left) is placed on the required plane (in AKDE, the UCS). The control points are
identified with a numbered symbol. The control points @sered as end points of lines in the 3D wire-frame in
this example) are matched with their corresponding dstal report on the geometry is generated for review
of the selected positions and the likely outcome itie rectification (lower left). The rectified imagis
generated, trimmed and plotted to scale (right).eTtiim line has been digitised onto the rectifieddge and
then used to cut away the extraneous image areds Example is prepared using PhoToPlan (an extensgio
AutoCAD®) in conjunction with measured data from REDM. Nakeat only the rectified plane is presented, as
all other planes will not be true to scale: it is ggible to resolve this by re-rectifying the furthelapes in the
facade and mosaicing the results for a multi-plaeatification. Rectifications in CAD are quick dgetmatch
between the measured wire-frame and the photograpin be checked easily. Alternative methods can leand
bigger image file arrays and carry out sophistidatelour and exposure matching. Camera calibratiiata can
be used to standardise the correction of lens aberratiod @istortion in most image rectification packages.



RECTIFIED PHOTO-MOSAIC

Fig 4.7

ATTIK MUSTAFA PASA CHAMII, ISTANBUL, TURKEY
Documentation project by: ETHZ (Eidgendssische Techaisch
Hochschule Ziirich): André Streilein, 1995

In this example a large format camera was used to capture the 3
images. Control was provided by measurement to degiaints using
REDM. The rectification was undertaken digitallypteNthe problems
caused by clipping the image area at capture (top). l#fhen the
image is rectified, the perspective correction witluse the aspect of
the image to change. This can be avoided by use of eithéinmigery

or careful framing of 'square-on' images. In thesaio it is possible to
identify the joins between the images; this can lmeeborated by
various feathering techniques such as channel filtenidgyering in a
photo-editing package. Photo-mosaics can be vergctfé for
recording objects that cannot be captured in a #ngnage. This can
occur when the camera-subject distance is comprewhisr when the

tilt from a single camera position is unacceptaldg. separating out
areas of an image onto different planes and re-rectifying them, mosaics
can show a final image comprising multiple plane®gdification. For
example, in the mosaic shown the buttresses can be separated and re-
scaled using a different plane to the principahf; Photo-mosaics
require carefully balanced exposures so that theabvalues across
the combined image are consistent. Much correctiwork can be
done but there is no substitute for getting the eogure right at
capture. Colour balancing can be problematic and using@icaidex
card for reference exposures can help to ameliorghtés. Shadow can

be both revealing and damaging to the record: taking of survey
imagery in strong, raking sunlight will cause isteishadows across
the mosaic and minimise data derivation. |dealditions are on
reasonably high level overcast days. In the caspetfoglyphs and
pictographs, raking light may be used to highlibatsurface features.
The photographer must be aware that strong lightnist always best

for clear definition of details across a facade.



Fig 4.8
DIGITAL RECTIFIED PHOTOGRAPHIC SURVEY USING LIMITED STAND-OFF

This photo-mosaic (right) made use of the performance gftdli rectification. The photographs of the
upper level of the gable wall are tilted due to tleek of stand-off (only 3m) possible on the sttee
control points have been positioned with the helpaladder and measured by reflectorless EDM in
anticipation of the photo-cover possible. The camesed was a Kodak DCS pro using a wide-angle
(28mm) lens set to focus on infinity. The enlarged detaihf{e) shows an example of the fixed target

used to mark a control point.

RECTIFIED PHOTO-MOSAIC PRO&ZH S



RECTIFIED PHOTO-MOSAIC PRJECTS

PHOTO-MOSAIC OF A MEDIEVALTILED FLOOR

The photographs for this survey were taken from a tripod und using an offset bar. The camera-
subject distance achieved (by using a ladder tk ldmough the viewfinder) was 1.8m. The
camera was a Kodak DCS Pro. Coverage of the entirerfloas achieved in 27 exposures. The

component imagery (examples left and detail below) iredugference colour indexing cards.

CONTROL
Control was established by reflectorless EDM obsgions to miniature target markers

temporarily fixed to the surface of the floor.

MOSAIC
Balancing the contrast, colour and edge overlag (dariation can be seen in the component
images, left) is a skilful process: preparatory work in an imagm@diackage to achieve common

colour balance and contrast across the batch of imagesgsential.

IMAGE FILE SIZES AND IMAGE RESOLUTION

Good resolution in the mosaic is dependent on good resolutio the component imagery. It is
sometimes necessary to reduce the image file size to impiwuedling’. This should be done with
care and tested on sample areas before reduction to mairtegrrequired resolution in the

assembled mosaic.

Fig 4.9

Left: the colour index card and a
control point marker. The mark
is a small adhesive circle with the
‘butterfly’ design.

Right: the photo-mosaic forms an
optimum record of both the

condition and the design of the
floor. This segment is approx.

4m x 5m in extent.



CONDITIONRECORDS FROM RETIFIED PHOTO-MOSAICS

CONDITION MONITORING FROM A PHOTO-MOSAIC.
This photo-mosaic was prepared from high resolution digitatpgraphy (14Mpixel capture in this case): it is therefoosgible to resolve detail in the mosaic at a scale of 1:20.
An assessment of the condition of the fabric can be madexaynination of the image to reveal:

1.

ok wbN

Surface texture is apparent so that impact damage striatiomeaseen.

The degrading of the matrix can be seen as open jointsdmrivthe tiles.

Colour weathering can be seen as losses in the lighter cetbglazes.

Losses of individual tiles are recorded.

If the photography is adequately controlled, archived and repeatedamonitoring cycle, an assessment can be made of the rate ofticonchange.



USING THE COLOUR CARD

This card was devised by the International Federatf Rock Art Organisations to help the recording
of colour in rock art photography. It is designeat fclose-up photography (up to 4.5m stand-off). The
colour card can be used to help standardise the printing ¢bws across a range of images.

PRINTING THE CARD

To achieve true colour reproduction with a typicalffice printer is almost impossible, but some

precautions can be made to achieve a local calibration standard:

1. Use the ICC colour profile for your printer.

2. Use the highest quality medium to print onto.

3. Keep a record of the printer, its service record, colour fite, medium and environment.

4. Store the card away from strong light, in a drydarool environment. Use it as soon after printing
as possible.

The card on this page should be printed at fulesimncheck the resizing settings in Acrobat), orofth

quality card; it is advisable to check the scal¢hef print, as some printers will auto-scale accogl to

the paper size.

Note the RGB values on the card and check they hbgen transferred correctly: your local viewing
settings may automatically adjust them.

PHOTOGRAPHING THE CARD

Include the card in all shots, although you may wish to takplicate shots without the card for
mosaicing and keep the indexed shots for reference. Take to avoid flare from the surface of the
card by placing it away from the direct light generated byftagh gun.

PRINTING THE IMAGES
If a colour match is critical, the same card thaasvphotographed can be supplied to a professional
printer who will be able to use it for a local colour calibiati

OTHER COLOUR STANDARD CARDS
Professional cards are available; they are costly but precise@eainclude the Gretag-Macbéthard
shown in Fig 4.9 and the Kodagreyscale card.

For further information on the IFRAO colour card, go to
http://www.cesmap.it/ifrao/scale.html

THE

FRAO COLOUR CAREL



Barrel distortion
Camera calibration

CCD

Colour balance

Colour index card

Control point
Facade plane

Gridded viewfinder

Hot shoe bubble

Image area

Image plane

Mono-rail camera

Normal line

Perspective projection

Photo-mosaic

Plane of rectification

SLR Camera

Stand-off

Swing back

GLOSSARY OF TERMS FOR RECFIED PHOTOGRAPHY

Barrel shaped curvature of straight lines in the image caused by lens ojidiesangle lenses are prone to this (see Fig 4.4).

A set of values describing the lens distortion and camerangdy measured from a test field (a simple case isa phapgof a precise grid) so that the rectification geometry ca
adjust for camera anomalies.

Charge Coupled Device: the light sensor in a digital camera

The correspondence (or otherwise) of colours or tones asgan image or images.

A precise standard colour chart that can be used as an aidlanbing colour. The card is included in the image as a ethmatching colours to a
standard. Commonly used cards are: Gretag-Machdflodale and the IFRAO card which has been developed as a standard for rock autr col
referencing.

A measured position used to scale and rotateimage: for rectification the control point must lie on theapk of rectification.
Principle plane of an elevation: few edaegdtiave a single plane so a 'best fit' approach is usedtifiad@hotography.

A viewfinder marked with a grid: thefissing screen on many cameras can be adapted to take adysdidn, while digital SLRs use a synthetic one. Very
useful for aligning the image plane to reproduce the valrdimd horizontal axes of the object. Some consumer leveécasn- such as the Canon PowerShot
A640 and Niko® D70 also introduce synthetic grids.

The hot shoe is a 'u-shaped fitting on theabthe camera that allows an external flash unit to be attdciespirit level can be fitted to the hot shoe to
ensure that the camera is level. A two-bubble varietwailable for levelling both axes of the film plane.

The coverage of the subject area in a single photograph:pbisant to know just how much cover is possible when placing terfer control points or
planning overlapping cover for photo-montage work.

The plane of the camera back.

Camera designed to allow the independemiement of the lens plane and the image plane (Fig 4.3).

A line at right angles to another.
The projection of objects in a photograph is a perspective projection: Thiiapipearance of distant objects being smaller than those close mbderver: The perspective
projection of objects in an image means they cannot bebiglimeasured.

The process (and result) of making a comppsiterre by cutting and joining a number of photographse ®rm ‘photo-montage’ is also sometimes used for the salnirgt

The plane upon which the image is tprbgected: it is usually co-incident with the facade plameefevations.

Single Lens Reflex Camera: the camera is designed to guarantee tfindéewhows the image area exactly: the viewfinder sees the imagetaough the same lens that will take
the picture.

Camera-subject distance.

Property of mono-rail cameras in particular: the image @lean be tilted horizontally to distort the perspective wie



FURTHER READING ON RECTIFIED PHOT®ORAPHY

Andrews, D, Blake, B, Clowes, M and Wilson, K 1995 Ray, S F 1999

The Survey and Recording of Historic Buildings and Monumen Scientific Photography and Applied Imaging
Oxford: Association of Archaeological lllustrators anav@yors Focal Press

ISBN: 0951672150 ISBN: 0 240 51323 1

Andrews, D P, Beckett, N J, Clowes, M and Tovey, S M 2005 Kubit Gmbh. 2003.

A comparison of rectified photography and orthophotogngmas applied to PhoToPlan: Measuring with Photographs
historic floors — with particular reference to Croughton Ran Villa. [User Manual]

Proceedings of CIPA XX International Symfasiom 26 September — 1 www.kubit.de

October 2005, Italy

Castleman, K R 1995
Digital Image Processing
London: Prentice Hall
ISBN: 0132114674

Dorrell, P 1994

Photography in Archaeology and Consg®ation
Cambridge: Cambridge University Press
ISBN:0 521 45554 5
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PHOTOGRAMMETRY FOR HERIT@GE DOCUMENTATION

TECHNIQUE SUMMARY:

I NOINHD3L

MVYINNNS

OBJECT SIZE
PRECISION

SOFTWARE

ASSOCIATED
TOOLS/
SKILLS

f Properties of Stereo Imagery

f Metric and non-metric cameras

f Stereo capture

f Photogrammetric techniques

f Control measurements

f Ante-disaster records

f Performance of photogrammetry

f Metadata, annotation

f Using photogrammetry for 3D CAD work

f The 3x3 rules

<1n? to 30n?
+/- 5-30mm

Photogrammetric set up, 3D CAD

Calibrated Camera, EDM Theodolite
Photogrammetric Workstation /software.

Photography, Surveying, CAD

SKILLS REQUIRED

Camera handling.

Awareness of calibration.

Camera and tripod set up, flat, consistent
exposure of overlapping pairs with appropriate
camera-subject case and separation.

Awareness of perspective depth.

Stereo vision and good depth perception.

Measurement capability: use of EDM theodolite

for precise facade control, requires traversing
and computation skKills.

Interior and exterior orientation.
Familiarity with theory of errors.
Understanding feature extraction.

Understanding object definition and selection.
Scale and presentation conventions.

CAD literate, 3D aware, understand
vectorisation, layering and line weights/scale.

Be familiar with the relationship between plan
and elevation, line weights etc.

APPLICATION

1. 3D STEREO RECORDS

Stereo imagery is a basic requirement of the
photogrammetric process. Image area control must be
acquired to enable the extraction of metric data.
Stereo pairs are a valuable record in themselves but
much more so if control is recorded at capture.

2. ANTE DISASTER RECORDS

Recovery of pre-disaster configuration of material
from stereo imagery is a proven benefit of
photogrammetry.

3. STEREO MODELS

Photo interpretation for reconnaissance can be
achieved using a mirror stereoscope or mono-
inspection.

4. EXTRACT REQUIRED VECTOR DETAIL
Photogrammetry can be used to produce line
drawings. Skilled use of a photogrammetric
workstation and software is required for setting @D
models and digitising details.

5. ORTHOPHOTOGRAPHS

Accurate condition records of facades, floors, ra@ofd
landscapes: true to scale photo-maps.

Effective plotting of detail in a 3D environmengtéres skill and experience which can only be obtained

through practise.

Be able to anticipate photographic outcomes to tiet best exposure for recording details, texturesda
form: use knowledge of user needs to set up appraig exposures and camera positions.



WHAT IS PHOTOGRAMMETRY?

Photogrammetry* is the art and science of measurirgm
photographs. For measurements to be made, the peci
geometry of the camera, stereo photo-cover (overapg
photography taken from two different viewpoints) carsome
form of control is required so that the measuremeantan be
related to the real word.

Photogrammetry is immensely flexible and its perfance for
object mapping is only limited by the image qualitye
geometry of the photographs relative to each othend the
distribution and precision of the control measurents. Image
capture is relatively rapid and cheap - when wedsanmission
to Mars (see below, Fig 5.1, images courtesy of NABA a
stereometric camera that records not only the scebet the
size and distance of objects with the minimum exgieme of
power.

Photogrammetry is a technique for measuring objefrtam
images. The imagery may be film-based, but inciggsinis in
digital form, stored on disc or tape. Digital imagean be
captured directly using a digital camera or scanrfezm
negatives.

INTRODUCTION TO PHOTOGRAMMETRY

The results can be:

X co-ordinates of the required object points
topographical and thematic maps
architectural drawings
ortho-rectified photographs
textured /untextured surface or terrain models

X X X X X

ante-disaster photo and control packages

One of the most important properties of photogramrmg is
that it is anindirect techniquee. objects can be measured
without contact or selectivity. Traditionally, itsiused for
producing drawings, scaled images or obtaining oreagents.

Among the users of close-range photogrammetry are arckstec
and civil engineers (to produce as-built records ofldings or
document their condition), archaeologists (to fdaté analysis
of historic buildings), surgeons (plastic surgenpolice
departments (documentation of traffic accidents aodme

scenes) to mention but a few.

The value of an image based record that can be abqa
metrically must be recognised as a major asset ialdishing
baseline records of the condition of conservation, busthalue
must be balanced with the necessary skills in prieting the
image and extracting the required information.

The applications of photogrammetry are widespread and can be

divided into two groups:

f Aerial photogrammetry

f Terrestrial Photogrammetry (also known as close gan
photogrammetry).

Aerial photogrammetry is used to

mainly produce

topographical or thematic maps and digital terrain models.

*Photogrammetry is a specific term used to descritiee
procedure of deriving measurements from photogragpioto
= light,graphos drawing andnetross measurement). It should
be distinguished fromphoto-interpretatiomr photo-analysis
where the metric element is absent. Viewing stenpairs for
being
metric

reconnaissance work is not considered as

photogrammetry unless conducted under proper

constraints.



BRIEF HISTORY OF PHOTOGRAMETRY

BRIEF HISTORY OF PHOTOGRAMMETRY 1910: The ISP (International Society for
1845: John Ruskin, the British architect and pionek the Photogrammetry), now ISPRS, was
modern conservation movement, discovers Daguerreotypes of founded by E. Dolezal in Austria.
Venetian palaces and remarks "it is very nearly saene as  Until 1945: development and

carrying off the palace itself- every chip of stone is thared of ~ improvement of measuring (='metric’)
course there is no mistake about proportions". cameras and analogue plotters.

1851: Only a decade after the invention of the Degaotype ~ 1964: VENICE CHARTER. Article 16

by Daguerre and Niepce, the French inventor Aimeidsedat  establishes the principle of documentation
develops the first photogrammetric devices and methoHe is  as a professional responsibility in

seen as the initiator of photogrammetry. conservation.

1858: The German architect Albrecht Meydenbauer depslo 1968 First international Symposium for
photogrammetric techniques for the documentation of Photogrammetric applications to

buildings and founds the first photogrammetric institirtel885 ~ historical monuments was held in Paris - Saint Mandé.

(Royal Prussian Photogrammetric Institute). 1970: Constitution of CIPA (Comité International de la
1866: The Viennese physicist Ernst Mach publishesdea of =~ Photogrammeétrie Architecturale) as one of the imtational
using the stereoscope to estimate volumetric measuretsien specialized committees of ICOMOS (International @oili on
1885: The ancient ruins of Persepolis were the first Monuments and Sites) in cooperation with ISPRS. e
archaeological site recorded photogrammetrically. most active members were Maurice Carbonnell (Frgnaad

Hans Foramitti (Austria).

1970s: The analytical plotters, which were firstedsby U.
Helava in 1957, revolutionise photogrammetry. Tledlpw the
application of complex methods: aero-triangulation,ndie-
adjustment, the use of amateur cameras etc.

1980s: Improvements in computer hardware and sofeva
make digital photogrammetry accessible and practical.

Fig 5.2 Left: Abteikirche at Tholey from the north east.

Typical metric photo by Albrecht Meydenbauer, 1886.
Fig 5.3 Top right: Typical small format stereo-gram frora.8

Fig 5.4 Bottom right: Typical ‘eye base’ stereo camera ofL880s.
Stereo photography became a craze in the 1890s. Camerasiemdrs were mass-produced and the novelty of stereo 3D only
faded with the advent of cinematography: this is a good @kauof the strong human urge to explore virtual 3D environmefitst

usirg static stereo and thenyoviewirg recorded motion.



ANTE-DISASTER RECORDS

FRMOPHOTOGRAMMETRY

Fig 5.5

VALUE OF A PHOTOGRAMMETRIC RECORD
Restoration of the Grand Reception room at Windsor
Castle. Far left: fire damage to ceiling. Centre201scale
photogrammetric plot (reduced detail) from pre-fifgeld
package captured in a working day using a Wild P31
camera and control points by observed EDM
intersections. Below: restoration based on fragment
recovery, re-assembly and new work based on the
photogrammetric recordimages used courtesy of the Royal
Household and English Heritage.



PROPERTIES OF THE CAMERA

A photographic image is a perspective projection.sTimeans
that every ray of light which reaches the film sué (or CCD

array) during exposure has passed through the optical eeofr
the camera lens (considered as a single point and knenthe
‘perspective centre’). In order to take measuremenfsobjects
from photographs, the ray bundle must be reconstast

Therefore, the internal geometry of the camera h&s be

precisely known. It is defined by

f the focal length (f)

f the position of the principal point (PP) and

f the lens distortion.

The focal length, also known as ‘the principal atisg’, is the
distance between the perspective centre and the imageeptt
a point known as the principal point. For photognamtric

purposes cameras can be divided into two categorietric’

and ‘non-metric’. A camera can be considered metfithe

precise optical geometry is known.

Fig 5.6 CAMERA GEOMETRY

The focal length (f), perspective centre (PC) andhgipal point
(PP). Lens distortion is also a part of the camgesmetry, and
is not shown in this diagram.

METRIC CAMERAS

Metric cameras have stable and precisely known rinate
geometry and very low lens distortion. Consequentlyey are
expensive devices. The principal distance is cotstahich
means that the focus cannot be changed. As a resoditric
cameras rely on depth of field to achieve a usalslage of
stand off distances. The image co-ordinate systenefined by
a precise grid of at least four fiducial marks fixed on dtied
plate (the Reseau plate), which is mounted on tianie of the
camera. Terrestrial cameras (Figs. 5.7 and 5.8)uasd with
tripods while aerial metric cameras are built into aeropa.

Fig 5.7 METRIC CAMERA: WILD P31

Metric cameras are engineered to have lenses witlregnely
low distortion. The advent of high-resolution digital caa®(and
the software to map distortions and adjust imagergshmade
the manufacture of these cameras uneconomic. The peroica
of cameras like these is exceptional. Operatorstioifs camera
need to be able to use a light meter and handleassette film
back, as well as be aware of survey procedure ttirge up the
tripod, tribrach and the required control.

NON-METRIC CAMERAS

In photogrammetric terms a non-metric camera is aneaa
with unknown or un-calibrated internal geometry. Nanetric

cameras, particularly high-end professional digtaR models,
can be very effective photographic devices. Nontimet
cameras can be calibrated by photographing a tedd fivith

many control points and recording the distortion at fixed

focal length (for example at infinity). High-red@a non-

metric digital cameras are becoming increasingtgs&ible and
calibration routines are now widely available, sa@siperfectly

possible to use such images with digital photogratrime
workstations. Digital cameras do not require fidais as the
image co-ordinate system is defined by the four cornerghef

sensor. It is, however, extremely important that the &bc
length is fixed in some way and it is desirable to regulahnigck

the calibration.

Fig 5.8 STEREO-METRIC CAMERA: WILD P32 PAIR

A stereo-metric camera is simply a fixed array of 2 metric

cameras for simultaneous exposure of a stereo pdinis
example uses a fixed base of 40cm. The camerasetraip
and fixed parallel (or normal) to the subject to rfégate the
stereo performance of human vision.



PHOTOGRAMMETRIC TECHNIQUES

PHOTOGRAMMETRIC TECHNIQUES As the term implies, stereo photographs are the basic taken with aircraft mounted metric cameras. Whileking the

Depending on the available equipment and the requiemlits requirement. These can be produced using one canfissan photographs, the aeroplane flies over the survegaain strips
(2D or 3D, high or low accuracy), different photagnmetric

techniques can be applied. Depending on the numbér o
photographs, two main-categories can be distinguished
rectified photography and stereophotogrammetry.

two different positions or with a stereo-metric caema. The or swaths, so that overlapping photographs cover thbole
normal (or parallel) case is desirable. Vertical ritde area. The overlapping parts of each pair of stepgmtographs

photographs are usually close to the normal caskeyl are can be viewed in 3D and consequently mapped in 3D.

RECTIFIED PHOTOGRAPHY
Rectified photography is sometimes classed as assulof
photogrammetry. See Part 4 of this guide for details.

STEREOPHOTOGRAMMETRY

Fig 5.9 STEREO CAMERA CONDITIONS

To acquire stereo cover there must be an image captured

from 2 positions of the same subject area. There are twc

cases used for classical photogrammetric work: IRergor Fig 5.10 STEREOGRAM or STEREO PAIR

Normal case) and Convergent (or ‘Toe-in’). It is generally Separate and simultaneous viewing of the left agidt images gives a 3D view. In this pair, thasrhave been marked with
desirable to achieve a 60% overlap between imagéls & the detail points used for control. The exposure has been enand a day with relatively 'flat' light so that shadow is restli The
minimum of 4 control points in the overlap area. photography is convergent and a vertical tilt has been intcedito get the required coverage.



RESOLUTION OF IMAGE ORIENTATION

Before object geometry can be recovered from theerto

imagery it is necessary to replicate the image getoynas it

was captured. There are three steps required to achieve this

1. The interior orientation takes account of the geetry of
the camera itself and establishes the image co-atdin
system.

2. The relative orientation recreates the camera pasit
and tilts relative to each other as the photographere
taken to produce a 3D stereo-model.

3. The absolute orientation relates the stereo-model to the
real world co-ordinate system and introduces sctiethe
process.

There are three types of photogrammetric workstatio
analogue, analytical and digital.

ANALOGUE PLOTTERS

The analogue method was common until the 1970sibutow
more or less replaced by analytical and digital témines.
Analogue plotters use an optical-mechanical mechartism
replicate the spatial conditions of the images at uegt Two
projectors are set up to view the images with the same
geometric properties as the camera (interior orientation).
Their positions are exactly rotated into the same agbnship
to each other as at the moment of exposure by remayin
parallax (relative orientation). After this step, theropected
bundles of light rays from both photographs intersect watich
other forming the stereo model. Finally, the scale daé thodel
has to be fixed and the rotations and shifts inat&gn to the

dimensions until it rests on the surface of the ditt The
movements of the mark are mechanically transmittieed a

images are displayed, apparently simultaneouslyh®rscreen
and viewed by the operator using either a synchronised screen

drawing device like a pantograph as an operator traces roundfilter and fixed polarised glasses or synchronisedansing

the detail.

ANALYTICAL PLOTTERS
The first analytical plotters were introduced in 1B5but
became widely available from the early 1980s. As widdague

glasses so that the left eye only sees the left image andghe
eye only sees the right image. Digital workstaticas be used

in the same way as analytical plotters to produce line drawings,
but are also used to produce other products. Thetamatic
matching of the stereo images means that it is quite gasy

instruments, transparencies are viewed in an optical-mechanicajenerate a digital terrain model (DTM) although some manual

system, but it is computer controlled. The restitah of the
stereo model is still carried out in three stagess part of the
interior orientation, however, the computer can novalso
correct for film distortion. The relative orientatio is still
achieved by removing parallax in the stereo viewt the
photographs remain flat and the apparent tilts aeplied by

editing is usually required. The DTM can be usedtsnown
right or can be used to produce an orthophotograpby
adjusting the scale and position of each pixel in an imageat
it is changed from a perspective projection to an orthographic
projection. This means that any errors due to tilts tfie
camera or relief of the subject have been compeeddbr and

the computer, which continuously adjusts the pasis of the
photographs relative to each other. Absolute oriatibn is
calculated by the computer once the control pointave been

therefore that it is possible to use the image like a map or a
scaled drawing.

digitised and their co-ordinates entered for prosisy. After
the orientation, 3D detail can be extracted from déhstereo-
model. As with the analogue instrument, the modeldaa
corresponding measuring mark are seen in 3D. Anrapm
controls the movements of the mark, digitising by tracingrd
the detail, producing 3D data that is fed directiyd a CAD
system.

DIGITAL PHOTOGRAMMETRIC WORKSTATIONS
Digital photogrammetric workstations (DPW) have lozce
more widespread as computers became increasinglyremo
powerful and economical in the 1990s. They comprise a
computer with a 3D viewing screen and a 3D conteoll

mapping co-ordinate system are determined (absolute |nstead of transparencies, digital images are uShd.images

orientation). A minimum of three control points, whichenot
in a straight line, are required for this. The ol model is
viewed by means of a stereoscope. The intersection of rays c
then be measured using a floating mark. This consistsvo
marks, one in each view. When viewing the modek tiwo
marks fuse into a single point, which can be moiredhree

can be either direct from a digital camera or scans of

conventional film negatives. The stereo models se¢ up in a Fig 5.11 ANALYTICAL STEREO PLOTTING MACHINE

similar way as for the analytical systems. The digitab@s are By viewing transparent diapositives of the captuséeteo pairs this
continuously re-sampled in order to maintain thermxt 3D device can resolve the relative internal and externalngety of the
view. The relative and absolute orientations are often carrigdereo-pair, allowing 3D digitising to take pladde hand wheels

out concurrently and called the exterior orientatiofthe two control the position of the floating mark in the” and 'y’ axes and
the foot wheel in ‘z'.



STEREO PHOTOGRAPHS

Stereo photographs are images that have been taken of the
same subject from two different view points. The aref
overlap between the images can be viewed in 3D. They are
the foundation of any photogrammetric project but are
also a valuable resource in themselves. The 3D view can be
achieved using a simple stereoscope which forces the left
eye to look at the left hand image and the right eye to look
at the right hand image. This mimics human visiod a
therefore allows us to discern greater detail than we can i

a standard photograph. In fact, stereo photograpfign
present a vertical exaggeration thereby making 3D fesgtur
stand out. This is particularly useful, for examplehen
searching aerial photographs for archaeological featin

the landscape.

VALUE OF STEREO PAIRS

The stereo pair and its concomitant control dataeathe
primary metric record in many cases. While it is impossible
to anticipate the nature of a catastrophe, risk essments
can direct recording to the elements of a structure most at
risk. Disaster preparedness planning includes the
acquisition and archive of appropriate documentatio
inventory and survey.

FIELD PACKAGE
A set of stereo photographs, along with camera

PHOTOGRAMMETRIC PRODUCTS 1

calibration information and suitable control, is a Fig5.12 STERO-PAIR OF TIMBER FRAMED FACADE
economic and powerful ante-disaster record. If a disast The ‘flat' lighting in this pair of images is defitte: there is almost no sharp shadow in the sceRoosing an overcast day for photography
does occur, the material can be retrieved from the archiv ay0ids problems of reflection from the glazing and helpsdéinition of the decorative framing by reducing glare frtime white areas.

and used to produce any of the products described belo
The fieldwork element of a photogrammetric projec
typically represents only 20% of the final cost.

images.

Monochrome film stock is still widely used for filbased work as the grain size is finer, a help whégiter operators work on magnified



LINE DRAWINGS

The traditional photogrammetric product is a lineragving.
These are produced by an operator carefully traciagnd the
required detail in 3D. The co-ordinates are streamado a
CAD system to produce the drawing. Although the dats
three dimensional, the fact that the stereo photaghs only
allow one view limits the extent to which a true 3D modean
be produced. As a result, the drawings are usupligduced
with only one view point in mind. This will be théew that is
plotted out as hard copy from the CAD system.

SCALE PLOT OF MASONRY FACADE

In Fig 5.23 the jointing of blocks can be cleadgrs this is
information that can be prepared in advance of fedding for
repair work. Note the depiction of jointing with @ouble line:

this is a convention that can be specified in tlrenmissioning

of the photogrammetric survey according to project

requirements. The small area behind the buttressvér right)
was not covered in the image area at capture ani tis a
typical occlusion: an infill technique (usually soe@d drawing)

is needed to complete the plot.

3D MODELS

A surface can be generated by analysis of the stemedel, a
process which is automated in the digital worksiati The
imagery can then be 'draped’ over the surface, additional
imagery added to infill hidden areas as required. Theasad of

the model can be rendered with the photographic images.

PHOTOGRAMMETRIC PRODUCT®

Fig 5.13 FACADE PLOT OF WHITBY ABBEY, NORTH YORKSHIRE
Stone by stone records can be achieved by photogrammetdording; this example was prepared for 1:20 scale plotfiing. edge
definition in the plot is an indication of the condition ofetlstone work.



DIGITAL TERRAIN MODELS (DTM/DEM)

A digital terrain model is a representation of theurface of a
landscape, building or object (sometimes called Difitvation
Model or DEM). It comprises a grid of points with x,and z
values. The grid can be regular or irregular. In thter case
the points are joined by lines to form triangles atiek surface
described is known as a triangulated irregular netwTIN).
It is possible to produce a digital terrain modeling an
analytical plotter but this is very laborious a®thperator has

to place a point on the ground at every grid intersection. Digitz

Photogrammetric Workstations use automatic terrain iwlaing
algorithms to produce DTMs very quickly (Fig 5.1Zhe
algorithms are not, however, infallible so a cemtaimount of
manual editing is usually required. DTMs are useful im then
right for interpreting landscape, but are also tpeerequisite
for orthophotographs (below).

ORTHOPHOTOGRAPHS

An orthophotograph is a photograph that has been rected
for any errors arising out of the relief of the sjdot or tilts of
the camera relative to the facade, i.e. there is variation in
scale across the image. Orthophotographs are usshén an
image-based product is required, especially when rifief of
the subject is too variable for rectified photogfap to be
applied. They are another product of digital phatagnmetry,
albeit a 2D output from a 3D system. A DTM/DEM ised to
adjust the scale of an image pixel by pixel and thanvert a
photograph with perspective projection to one wittan
orthographic projection — an orthophotograph. Oncéhe
orthophotograph has been produced it can be printedt at

the required scale or imported into a CAD package. In CAD it

can be combined with vector
photogrammetry to produce a composite product. hauld be
remembered that an orthophotograph is a two-dimeorsl
product and so will contain no co-ordinate z valuasd

data from conventional

PHOTOGRAMMETRIC PRODUCTS

therefore no depth information. It is possible, howey to
drape the orthophotographic image over the DTM wugsia 3D
modelling or visualisation package.

Fig 5.14 DEM & ORTHOPHOTOGRAPH

Left: The DEM generated from the automatic surfgeneration phase of the digital photogrammetric gges. The analysis of the
stereo-model produces a 3D-contour model that can then be used for orthophetaeegation. The sharp edges defining the surfaces in
this facade require considerable editing of thecamoatically generated surface. This is achievedipiising break-lines in the stereo
model.

Right: Orthophoto of part of the fagcade of the Chend®mple on the West Side of the Adivino Pyramidcdted at the Maya
archaeological site of Uxmal in the state of Yucathtexico. In 1999, the pyramid was documented usirmpeckange stereo
photogrammetry. The success of the project led to the adoptdf this technology by the Autonomous Universitf Yucatan (UADY)
to support heritage preservation in Mexico and otHeatin-American countries. Unlike a rectified pbgraph, the image is scaleable
across all planes.



PHOTOGRAMMETRIC CAPTURE THE '3x3 RULE'S

1-THE 3 GEOMETRIC RULES 2 - THE 3 CAMERA RULES 3 - THE 3 PROCEDURAL RULES
1.1- CONTROL 2.1 - CAMERA PROPERTIES 3.1 - RECORD THE SITE , CONTROL AND PHOTO LAYOUT
f  Measure some long distances between well-defined points.  f  Fixed optics if possible. No zooming! Fully zoom-out, or fix the Make proper witnessing diagrams of
f Ideally, establish a network of 3D co-ordinated targets or focus using adhesive tape or avoid zoom opticsgather. Do not f  The ground plan with the direction of north indicated.
points. use shift optics. Disable auto-focus. f The elevations of each facade (1:100 - 1: 500 scale). Show the

~

Fixed focus distance. Fix at infinity, or a meastadice using
adhesive tape, but only use one distance for the ‘ring’-photograpt
and one distance for close-ups.

f  The image format frame of the camera must be shawpdible on
the images and have good contrast.

f  Define a minimum of one vertical distance (either using pluml
line or vertical features on the building) and oherizontal.
Do this on all sides of the building for control.

location of the measured control points.

Photo locations and directions (with film and negatnumber).
Single photo coverage and stereo coverage.

Control point locations, distances and plumb-lines.

1.2- STEREO PHOTOCOVER : WIDE AREA f  The true documents are the original negatives aitiil ‘RAW’
f Take a‘ring of pictures around the subject with an overlap of equivalents. Use a camera with a highest quality format setting.

greater than 50%. 3.2-LOG THE METADATA
f  Take shots from a height about half way up the subject, i 2.2 - CAMERA CALIBRATION Include the following:

possible. Use the best quality, highest resolution and latgiesmat camera

. f  Site name, location and geo-reference, owner's nanmaddress.
available:

f  Include the context or setting: ground line, skyline. f Date, weather and personnel. Client, commissioning body, t®rtis

f A wide-angle lens is better than narrow angle for all round

f  Ateach corner of the subject take a photo coveritige two . .
photography. Very wide-angle lenses should be @aebid

architects, permissions, obligations, etc.
adjacent sides.

f  Medium format s better than small format. f  Cameras, optics, focus and distance settings.

f  Include the roof, if possible. f Calibrated (or metric) cameras are better than naretric. f  Calibration report, if available.

f Noimage should lack overlap. f Capture medium: fine grain, high sensitivity film is better, an f  Description of place, site, history, bibliography etc.

f Add orthogonal, full facade shots for an overviewmda achieves higher resolution. f Remember to document the process as you go.
rectification. f  Standard calibration information is needed for eaamera/lens

S

: : Data must be complete, stable, safe and accessible:

Stereo-pairs should be taken: 2.3 - IMAGE EXPOSURE f Check completeness and correctness before leaviegstte.

f  Normal case (base-distance-ratio 1:4 to 1: 15),/and Consistent exposure and coverage is required. f Saveimages to a reliable site off the camera. B&W formats to

f  Convergent case (base-distance-ratio 1:10 t0 1: 15). f  Work with consistent illumination: beware deep dark shadows! convertinto standard TIFFs. Remember a CD is not forever!

f  Avoid the divergent case. Plan for the best time of day. f  Write down everything immediately.

f  Add close-up square on stereo-pairs for detail and measurc ¢ yse a tripod and cable release/remote control totgbarp images. f  The original negatives are archive documents. Treat amg keem
control distances for them or place a scale battia view. f  Use the right media: Black-and-white is sufficient but colour ha carefully.

f  Check photography overlaps. some advantages for interpretation and documentatif colours. f Don't cutinto the format if cutting the original film. If using i

f  If in doubt, add more shots and measured distanfoesany f Use RAW or 'high quality' and ‘high sensitivity' setting on digits cameras, don't crop any of the images — use thiféuinat.
potentially obscured areas. cameras. f  Ensure the original and copies of the control datie diagrams and

f  Make sure enough control (at least 4 points) ishlis in the images are kept together at separate sites.

stereo image area.

*The above text is adapted from a paper presented by Peterdialis| (University of Technology, Vienna, Austria) and Cliff Od@bgt. of Geomatics, University of Melbourne, Atadta), at the ISPRS Commission V
Symposium "Close Range Techniques and Machine Vision" in Melbaustlia, 1994. Simple rules that are to be observed fortpgmphy with non-metric cameras have been written, tested and ghuidi at the CIPA
Symposium in Sofia in 1988.



Camera calibration

Camera geometry
CCD
Control/photo-control
Convergent case
Diapositive
Divergent case

DPW

DTM, DEM, DSM
Fixed optics

Focal length

Image area

GLOSSARY OFTERMS FOR PHOGRAMMETRY

A set of measurements made of the camera The calibration data includes:
geometry and distortion for fixed focal settings. f  the precise focal length of the lens at exposure
f lens distortion, both in radial and tangential directions
f the central ‘principal point’ of the image sensor
f the exact dimensions of the individual pixels making up énser
The constraints on the perspective prigecof the configuration of the camera and lens.
Charge Coupled Device: the light sensor in a digital came
Measured points or lines used to @ge object geometry in the image area.
Non parallel imagery or ‘toed-in' camersitpans.
Positive image produced on a transparent supportiewing by transmitted light, i.e. transparency.
Non-overlapping imagery.
Digital Photogrammetric Workstation.
Digital Terrain Model, Digital Elevation Blo®igital Surface Model.
Lens assembly with out adjustment for fociiepthan that fixed at a given distance or infinity.
The distance between the principal point and grspective centre of the camera: it is a theoretical distaas (other than in a metric camera) the
precise perspective centre is unknown in most cameras.
The object area covered by the captured image.

Image capture plane/lmage plane  The theoretical plane upon which the imagesayfttived scene is projected in the camera.

Metric camera

Non-metric (amateur) camera

Normal case

Object area
Orthophotograph
Parallax

Perspective centre
Principal point

Shift lens/shift optics
Software

Stereo model
Stereo-pair

Stereoscope/Mirror stereoscope

Zoom lens

Camera with known internal geometry and ldissortion.
Camera with unknown internadmetry and lens distortion. Measurements can be made of theecageometry and distortion for fixed focal settings
for calibration.
Photos taken square-on and parallel to the stibje
The space occupied by the subject to be recorded.
An image in which all distortions are reweal such that it has a true orthographic projection.
The relative displacement of an object in two imaf&dse same scene taken from different positions.
The theoretical point through which thgsarojected from the object intersect before they meet the geacapture plane.
The precise centre point of the image asddrresponding point on the image capture plane.
Lens assembly with adjustmenteop#rspective centre position. Sometimes known as 'rigioigtflenses.
Photogrammetric software falls into two grougige stereo and mono. Stereo software is costly and willdheestereo viewing system, mono software
is less costly but depends largely on various forms of e analysis to produce rectified images for both 2d and/&rk.

The 3D image caused by fusion (in the brain ofitwer) of 2 separate but simultaneously viewed images.
An image pair which has overlapping cover araffagt.
Method of viewing stereo pair3in usually non-metric.
A variable focal length lens. Zooming is a mobbecause the precise focal length must be known for phatognetric purposes.
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TECHNIQUE SUMMARY: SKILLS REQUIRED APPLICATION

_|
M Equipment operation and feature selection Acquisition of points to map features on open sites
@
I : . : Inventory accessioning, closed polyline or nodets: GIS data capture for structured information sets.
Z | GIS attribute geo-referencing selection Point sampling site location for environmental ntoring.
Q Topographic data selection, detail identification Detailed t hic plans/ t
. : : , , etailed topographic plans/managemen
IEI i Topographic surveying understanding heighting resolution plans/archaeological investigation.
© i Contour and DTM generation =il CelBlE de_nS|ty, helghtmg_resolutlon, bregk-ll Topographic surveys, 3D terrain models
mapping, surfacing and contouring software skills
o
0 Understanding the constraints on GPS performanc
, ) . selection of perimeter, restitution to national . . . _
i Boundary & Perimeter mapping : : . Buffer zone delineation, Monument inscription plans
* mapping agency grid. Understanding local cadast
law
Appropriate precision decisions. Understanding co:
i Control points for site survey S af‘d = W(.3884 system_, using Geo-referencing EDM traverses/ site-to-map fixes
transformation to register GPS point on a map.
Understanding heighting resolution.
. . ] GIS for heritage assets: point sampling sites émdition
| Assettagging Database feature coding monitoring in landscape conservation
i Multi-phase plan mapping Registration of ® party /historic map overlays etc. Archaeological investigation of landscapes
OBJECT SIZE 1-2m, 0.2-0.5m Selection of appropriate grade of equipment to meet
PRECISION Typical output:1:500 scale project data requirements
ASSOCIATED Appropriate thematic knowledge to make selection

TOOLS/SKILLS CAD/GIS/co-ordinate transformation and adjustment. EDM surfiel drawing decisions at capture, data presentation and map prédnc

Digital cartography, hachured plan GIS design and management
production.



INTRODUCTION TO G P S

There are a number of Global Navigation Satellite SystenMdapping with GPS requires the selection of inforioat i
(GNSS). The name of the U.S. Global PositioningeBys from the landscape: GPS is simply a method of deriving the
(GPS, in operation since June 26, 1993) is now commorilp-ordinate position of selected points on the Earth's
used as a term used to describe the process of tmsi Surface. i
finding using a constellation of satellites in orbit around the
earth. Other systems include the Russian GLObdHOW GLOBAL POSITIONING SYSTEMS
NAvigation Satellite System (GLONASS), the Chinesé/ORK
Beidou system and the European Space agency GALILEPS provides free, 24 hour, all weather, globalecage
system. GPS is the primary survey method for defininjom a constellation of about 30 satellites. The satellites
global, regional and national co-ordinate systems. Falymaorhit the earth approximately every 12 hours at afitude
purposes GPS is an everyday tool used to make maps, s¢f 20,200 kilometres and broadcast continuous navigation
out roads, record utility assets, measure volumes éevels signals (Fig 6.1). With the proper equipment, users can
in quarries, as well as a multitude of other task&luding receive these signals to obtain an instantaneoeal-ime
those undertaken in historic landscape investigation angbsition to within ¢10m, anywhere in the world. In its
recording. simplest form GPS works by measuring the distance
between GPS satellites and the user's receiver. The
The intention of this chapter is to provide sufficten distance is computed by measuring the time interval
information to inform survey users as to whether thishbetween the transmission of the satellite signal and its
might be a suitable tool for them, and illustrateetways in  reception by the receiver. As the relative positomf the
which GPS might be used. It is now the primary techniqueatellites are known, simultaneous measurements to more
for many survey tasks undertaken on a wide variefy ahan four satellites enable the unknown position of the
projects with differing survey requirements, rargiffom receiver to be computed by trilateration. This calculatio
recording wide areas of surviving archaeological leapise requires an exact knowledge of the position of the satslit
at topographic scales, to mapping the positionrafividual in space and very accurate timing, as the distance igeter
stones in large-scale surveys of individual sites. from the time it takes for a signal to travel frorthe
satellite to the receiver. GPS receivers need to rigeea
signal from at least four satellites, three to pmrh the
triangulation and the fourth to synchronise timing. The

GPS IS A DIRECT TECHNIQUE
GPS can be used to resolve the position of poimts3i

ways: accuracy of any point recorded by a GPS receiver is
governed by a number of factors relating to the
LOCAL To know where any point is on a site,  environment, equipment used, surveying techniqued; &
usually in three dimensions. the GPS position is to be related to background miag,
the co-ordinate transformation used. There are der key
To resolve where points are in  concepts (see below) which need to be understood by
RELATIVE relation to each other, so that a plan  anyone wishing to make use of GPS for surveying. Although
can be made of the site.
o . practitioner only needs to know enough of the basio
Where the.sne IS N Fe'a“"” to a map permit making informed decisions about:
ABSOLUTE ©On a national or international co-

ordinate system.

the type of equipment to use for a particular task

how that equipment can be used efficiently for any
given surveying task

ensuring that any data derived from GPS can be used
to produce accurate surveys, maps, plans or recaols
suit the particular project or task.

Fig 6.1 THE GPS CONSTELLATION

The satellites are in orbit at 20,200km. The
constellation is designed to provide 24 hour global
coverage. Positions on the surface of the earth are
derived from analysis of the radio signal broaddast

the science and mathematics of GPS is complex, the survey the satellites and the geometry of the constellation at

any given moment.



KEY GPS CONCEPTS

To get GPS data that is going to fit with other data it must be correctly projected
KEY CONCEPT 1 9 going npejl y proj ELLIPSOID

on to an agreed co-ordinate system. insoid i
GLOBAL CO-ORDINATE g y The ellipsoid is a
GEOMETRY mathemanc_al surface
KEY CONCEPT 2 Because of the range of GPS measurement systenilatadgat is important to recognise that approximates

i i the surface of the

GPS ACCURACY the constraints on GPS performance and the kind of accuracyped. iy

GPS precision and data utility is different depagddn the choice of processing methaod:
KEY CONCEPT 3 'real-time’ or 'post process'. It is more precise if i adjusted after fieldwork to take
WORKFLOW account of the measurement environment variablemntht the time of capture.
KEY CONCEPT1: new co-ordinate systems in use. This relationskigdlved \gsga
GLOBAL CO-ORDINATE GEOMETRY mathematically using a transformation. The ellipsoid (red),
To get co-ordinates that fit our local topography, the geoid (blue) and
geometry of both the satellite constellation and theGEOID topographic surfaces

curvature of the Earth need to be resolved. The former isThe geoid describes the shape formed by mean seal le (brown) in relation
provided by the satellite data. The latter requires pseci over the earth and its imagined extension under the lando WGS84
knowledge of the shape of the earth, which isareas (blue on Fig 6.2, datum). This provides a world wide
approximated using a geodetic model. datum to which heights above mean sea level can be
related. Historically, survey heights in different courdrie
The earth's shape can be described as an oblatersjgth have been related to an agreed national datum to which all
Mapping this shape uses ellipsoids, geoids, projections drmghts on national mapping agency maps and benchmarks
co-ordinate systems. The processing of GPS datagee are related. The datum is based on mean sea level tid®@ATUM
with local maps needs the user to be aware of thesitical observations at a national or regionally agreechpaand is  The difference
parameters: used to determine ‘mean sea level' for the purposdésa  Petween heights
standard height reference. Heights derived from GRgd referencedto the
ELLIPSOID have to be transformed to agree with the local or nationale"'pso'd’ and a local
An ellipsoid (see Fig 6.2) is a mathematical serfahich datum using a geoid model. GPS equipment will supp tum.
approximates the curved shape of the Earth’s s@rfacheight information, but without adjustment for the geoid
Historically, accurately measuring the size and shagheof and reference to a datum it is almost worthless: failtwe PROJECTION
Earth has been difficult and as a result several ellipsoidpply the correct datum can result in serious ersan your ~ The difference
were defined in the past, which were often chosanftt ~GPS height values. between the flat
best on a regional rather than a global scale. Harass plane of a map and
local mapping requirements, many countries haveisdel As a new GPS user, it is very easy to set up a @Rsiver the curved surface of
national map projections and referencing systemsnd produce data. Without some understanding of how thethe earth.
Traditionally, cartographers used lines of latitude andata relates to the required projective geometry it hhle
longitude, derived from celestial observations,t@ap the hard to know which co-ordinate system should be used and
surface of the globe. It is only since the advefitnrean- which transformations will be necessary to relate tdata
made satellites that it has been possible to adelya to alocal map or datum. Fig 6.2
measure distances on truly international scales @mable a THE BASIS OF GLOBAL CO-ORDINATE GEOMETRY
precise global co-ordinate system. Geodesists therefore
have to determine the relationship between the odoshd



KEY CONCEPT: GLOBAL CO-ORDINATE GEMETRY

PROJECTION A high-accuracy version of WGS84, known as ITRBcal national grid if necessary. If the requiremnédar

A projection is necessary to allow the curved surface of(International Terrestrial Reference System) has beeaccuracy is higher than 1m, and you are surveywn@ i
Earth to be represented as a flat plane. Universareated in a number of versions since 1989, and tisi territory with an agreed regional GPS co-ordinatgstem
Transverse Mercator (UTM) is the internationallyregd principally used for geodetic work. There is a majo(e.g. ETRS89 in Europe), then co-ordinates showd b
mapping projection (Fig 6.3). Globally UTM has 60 zongsroblem with trying to use a global co-ordinate sy for  derived using this. If the regional GPS co-ordinate syssem
each one using an origin point derived from thdand surveying in any particular country or region. This igsed you can effectively ignore the effects of auetal
intersection of the zonal longitude line and theuadpr. In  that the continents are constantly in motion witkegpect drift: to a high degree of accuracy, the co-ordinatesaof
turn, regional and national grid schemes use la@in to each other, at rates of up to 12 centimetres pgear. survey station thus revised stay fixed, as longhase is no
points derived from the UTM. There are in reality no fixed points on Earth. local movement of the survey station.

CO-ORDINATE SYSTEMS For this reason, various local terrestrial referencesteyns
Co-ordinates describe positions on the projectedrice have been developed for different continents.
provided by the projection. To use GPS data for mapping, it
is necessary to understand the different co-ordmat ETRS89
systems used by the local or national mapping agency. The European Terrestrial Reference System 1989 (ETRS89)
is an example of a regional GPS co-ordinate systehms
THE GPS CO-ORDINATE SYSTEM: WGS84 been officially adopted as a standard co-ordingtetesm for
Whilst we think of a grid reference in relation to a co- precise GPS surveying by most national mappingcageim
ordinate system on a map, such as a National Gnd oEurope. ETRS89 is based on ITRS, and was originally
national agency maps, a position derived from G&3 i devised as a highly accurate global co-ordinateesysvith
related to a global co-ordinate system known as Wherld a better 'fit' than WGS84, but because of tectonic
Geodetic System 1984 (WGS84). WGS84 is amovements it required constant adjustment to work
internationally agreed, global reference framewadkco- globally. It was therefore agreed to use it as giomal co-
ordinates in which a point can be defined anywhiréhe ordinate system tied to the European continent (but
world. Co-ordinates in this system are usually expressed aivorced from the rest of the globe) on the basid its
geographic co-ordinates (latitude, longitude and ellipsoitbndition in 1989, so it is a system fixed in time. It is hence
height). Whilst most people will be familiar witatikude steadily diverging from the WGS84 co-ordinate system. In
and longitude, ellipsoid height may be more comfgisiThis 2000, the difference between the ITRS co-ordinatdésa
NOT the same as a height above sea level as shown orpaint and the ETRS89 co-ordinates was around 25cm, an
map and exists only mathematically. Fig 6.2 (WGSS8H#icreasing by about 2.5 cm per year. The relationship
shows that when survey measurements are taken om thbetween ITRS and ETRS89 is precisely defined at @iny p
topographic surface (brown), heights are usualllated to in time by a simple transformation of the co-ordies,
mean sea level (blue). Heights derived directly fromSGRpublished by the International Earth Rotation Service.
relate to the theoretical mathematical surface of the
ellipsoid (red). In order for GPS ellipsoid heights be In summary, it is important to recognise that these global
related to mean sea level another theoretical datum, theo-ordinate systems have implications for using G&S
difference between the two surfaces, needs to bdird=l relating objects or sites to national agency survegps. If
as a geoid model. the accuracy requirement of a survey is 1m or largéert
WGS84 co-ordinates can be accepted and convertedato

Fig 6.3 Projection of a curved surface onto a planegithe
Universal Transverse Mercator (UTM) projection. By
international agreement the UTM is divided into Bsn
(top). This projection is the most commonly usediasloes
the best job of dealing with the problem of mapping a
spheroid onto a plane.



KEY CONCEPT: GPS ACCURACY

NATIONAL GPS NETWORKS Using data from the active stations or the co-ordinatds o
Many national mapping agencies have set up base statidhg passive stations means that newly surveyedtpaian
to enhance the performance of GPS mapping. These base accurately related to a national GPS network.
stations relay grid co-ordinate adjustment datatbhe same

GPS receiving equipment used for survey and can incred EY CONCEPT 2: GPS ACCURACY

both the local and relative precision of recorded GP$ada

) GPS accuracy has three distinct aspects: relative, mep
immensely.

absolute. These can be characterised as follows;

A National GPS Network consists of GPS stationstwb

i relative accuracy —the accuracy of points in thevs!
types: ! y yorp Y

in relation to each other

ACTIVE STATIONS
A network of fixed GPS receivers can be permanentlyi
installed at locations throughout a national or regional
territory. They will be distributed so that any locatioim
the territory should be within 100km of an activeasion,
with most major urban areas are covered by more riha
one. Data from these stations is continually monéd and
processed by the national mapping agency and is avail
for each station through various broadcast meditigio via
a dedicated website. They are termed ‘active’ beeathey
are continuously operating and their |nc.Iu3|on n #35 accurate national or regional grid references iharvise
survey does not require the user to physically opguthe difficult

control point. In the UK the precise position of these is '
known in relation to the ETRS89 co-ordinate systerhe
establishment of these stations and the availability of d
via the internet has had a massive impact on the eassof
of GPS for high accuracy surveying.

agree with their plotted positions on a map

measured co-ordinates of a point and the repeatabl
verifiable co-ordinates of the point on the suréaof

Referencing features to a national co-ordinate feavark
Sures that they are accurately recorded for intsgpn

PS has meant that the accurate positioning of eysvand

is relatively straightforward. Survey-grade GPS muqait

PASSIVE STATIONS -2 . . .
This is a network of ground-marks which have beertl0 position things such as sites, finds, trenchesd

established in accessible locations, the position of each Ia]ndscape surveys accurately, the field recordeedseto
which has been established in reIa,ti0n tF()) the ETRS39 Cl?now which type of GPS set will achieve the rel P
-accuracy required. The relationship between

\é%curacy and map accuracy is illustrated in Fig B

network and an active station network is that a pas shape and size of the field is correct, but it isplaced

station has to_be occup|e_d by the USers own GP&-m réalative to its position as shown on the map.
Passive station co-ordinates, station descriptions an
photographs can usually be freely downloaded from t

national mapping agency’s website. features recorded by GPS may not agree with theifimss

a

i map accuracy —how well the positions of these pointg

absolute accuracy —the correspondence between the

the Earth using a common positional reference frame.

onuments onto maps and into geo-referenced databas

(see GPS EQUIPMENT) and software can combine velati
accuracy and map accuracy in the same packagedér o

relativ

h‘Ia'he surveyor has to recognise that the plan positions of

This may simply be because the type of GPS recasser
navigation-grade and cannot be accurate to bettmart c.
10m (see GPS EQUIPMENT). Alternatively, it may be
because the map is not as accurate as the GPS etkriv
position. Understanding the provenance of the map data is
important: in urban areas large-scale mapping igemo
common and its accuracy will have been tested, fual
zones may have sparsely updated small-scale caverag

It is possible to undertake surveys using surveadgr
quipment (see GPS EQUIPMENT) and use a 'best fit'
approach to match the position of the survey witider
large-scale mapping. This solution retains the tikada
accuracy of the survey although the positional a@cy is
compromised by the local map detail used. It isragmatic
method for fitting small surveys into existing map-based
records.

into GIS data-sets and archaeological records. This is
particularly relevant in open landscapes, where obtaining

Fig 6.4 RELATIVE & MAP ACCURACY.
The four plotted points have good relative accuracy
but poor map accuracy.

of the same features on a large-scale national agency map.



DGPS

Differential GPS (DGPS) is a technique for imprgvihe

KEY CONCEPT: WORKFLOW

(which affects the distance) and delays in the sraifted available from a public marine navigation serviceram
signal due to the atmospheric interference (whictieets commercial sources.
the timing). With both the base and rover receivers

precision of the measurements by using additional GRReoretically tracking the same GPS signals simediasly KEY CONCEPT 3:

data. This can be provided by a network of pointsnd calculating the difference between the 'known' a
maintained for this purpose or by using more thaneo computed positions, these errors can be limited. iTh

receiver.

REQUIRED ADDITIONAL DATA FOR DGPS

i Geo-stationary satellites e.g. WAAS/ EGNOS

i One (or more) receiver(s) with relayed data from a
network of fixed stations e.g. Active station data,
Marine DGPS

i Multiple receivers without relayed data - Local

"WORKFLOW

To make decisions about appropriate equipment and
workflow the method of data capture should be
econsidered: the two routes are 'post process' améal-
time'.

technique is based on the assumption that the vesain

the signals received at the base station will also begnes
at the rover, but it should be noted that as the distanc
between the two increases this assumption beconess |

valid. POST-PROCESS

There are two methods of using differential GPS: pos ost-processing is un_dertaken after the raw GP3a dads .
een captured to improve accuracy. Post-processing

process and real-time. With post-processing, a base stati

adjustment using the distances between the base  sits at a fixed point and collects GPS data, equipment is cheaper than the equivalent real-tsystems
station receivers for correction while a rover unit moves around
collecting data for a short period at each
DFFERENTIAL GPS ACCURACY point of interest in the survey area. At the

Differential positioning is achieved by measuriegative end of the survey all the data is processed
positions of two or more receivers. One is a statiCin a computer and each of the survey

reference (base) station while the other is a rover re@#i points is accurately fixed relative to the

which moves relative to it - both receivers are Collm base station. With real-time Surveying (See
GPS data during the survey. KEY CONCEPT 3) the base station uses
the GPS position computations
At the start of the survey the base station position isefl packwards; using its known position to
by assigning it a nominal or known co-ordinate. The basgy|culate the difference between the actual
station is left in place for the duration of the ivey and time taken by the GPS signal to travel
continually gathers data to refine its position. Thase from the satellite and what it calculates
station re|ayS this Updated data to the rover Wh||$tthe time interval should be. It then
simultaneously logging data about the rover's pmsit continuously transmits  this  error
relative to it. The preCiSion of the measured datat is correction factor to the roving unit (F|g
improved by the combination of the two possible6_5)_
trilaterations. On completion of field work, the ition of
the base station can be further refined (Fig 6.8ing Real-time correction services are available
published satellite position data to resolve base-statiofhich enable a user to operate a single
position and then apply the necessary correctionttee receiver. Sub-metre  accuracy s

logged rover positions. achievable through correction signals

. . ] broadcast from either ground-based Fig 6.5 DIFFERENTIAL GPS METHOD
Two of the main error sources of GPS are discrep@sC transmitters or geo-stationary satelites. DGPS uses a static base-station and a radio relay to efitiatprecision of the
between the predicted and actual positions of the satellite$hese correction services are typically logged rover position.



for a similar !evel of accuracy. Post_-processmg o_fteni Mapping grade
requires proprietary software depending on the diel i Survev arade
equipment used; most manufacturers provide training Y9

courses if required.

between them centres around the different signal
processing techniques they use to determine position. It is
important to remember that the receivers are not the only
piece of equipment necessary; there will be a resment

REAL-TIME (Verification feedback)
If positional data is required in real-time, an appiate
field-computing platform will be needed. At the lowest

level, a hand-held, navigation-grade GPS receivarreal- for tripods, poles, batteries, chargers, data-laggeradio

time system as it allows the user to view or storec- | . .

ordinated position in the field. The horizontal accuracy o nks, computers etc, espeC|a_IIy for mapping a}nd urve
o ) : rade GPS. Without these peripherals, the receiver will be

such units is unlikely to be any better than ¢.10m. So

more sophisticated hand-held GPS sets do allow '[he]c no use.

storage of GPS data which may then be post-processed AAVIGATION GRADE (HAND-HELD) GPS

mputer, which can incr the level of r S . .
a compulter, which can increase the level ot accyirac Navigation grade GPS receivers are used by walkeilsrsa

The major advantage of real-time surveying is that the usand for in-car and aircraft navigation. They areoly very
will havJe verificatio% feedback and canybegconﬁdarthe limited use as surveying instruments, though the can
.be useful as a means of positioning sites or findsthag

GPS positions before leaving the site. If the data—loggmgf a coarser element of the signal they can ofeerk
e

Digial Ascisant (PDA). the resciling co-ordinatesn e Deter under woodland canopy than survey grade GR
9 ' g type of equipment will not generally provide horital

g‘;&ﬁjnﬂévrgogeﬁa?r;gav'ssiar:ge?aﬁz t?gﬁozgee(;eﬁgdgu;z th sitional accuracy to better than ¢.10m. In rematecas
9 P P P l%fis is certainly better than nothing, but attempting to plan

revision and updating can be instant. The position 0a site or record features relative to one another this low
features that are not visible on the ground, but whiare

known from historic maps, aerial photographs LIDAR. O}evel of accuracy is not recommended.
geophysical surveys can also be set out on the grounlgrAPPlNG GRADE (GIS DATA COLLECTION) GPS

Data—logging devices may also accept input from Othel‘rhese are lightweight systems that can be used fol
survey equipment to complete surveys where GP Soisam surveying and mapping purposes where accuracy c

appropriate capture method; tapes, theodolite, eetorless . ) -
distance lasers, etc. Much office time can be saveti@as tbetwe_en 0.5_m and 5m is acceptable. Th!s type of uni
comprises either a backpack mounted receiver linked

survey can be visualised in the field. The dlsadvantaged?atalogger/portable computer, or a hand-held unit, which

reak-time - surveys s t_hat the equipment _requwed 'Tombines the receiver and logger into a single .uipping
generally more expensive than systems which uset-pos

; : X .grade hand-held GPS units are distinguished from navigatic
%Zcr:}iﬁ; igﬁ?r'g#]iig ut this has to be balanced aga'gﬁgde ones by their data logging capacity and addit

functionality linked to data acquisition. They aftallow a
pre-loaded map background to be viewed concurrently
with the acquired data and permit feature and attridut
coding to be attached to surveyed points, producisigns

GPS EQUIPMENT
There are three kinds GPS equipment
i Navigation grade

GPS EQUIPMENT

with information attached to component features ée
SURVEYING WITH GPS). This type of receiver caneahi
accuracy in the 2m to 5m range on its own, but witte

Each type has different levels of accuracy. The differenase of differential correction or by post-procesgirthis can

Navigation grade GPS.
Low cost leisure utility unit. Precision
in the ¢.10m order is possible.

Mapping grade GPS. The out fit is
usually based around a single rover
unit. These units are designed for
small scale mapping and asset geo-
referencing for GIS. Precision in

the c10m order is readily available.

Survey grade GPS.
The outfit consists of
Base station, rover and
the radio link between
them. The rover
receiver is often
mounted on a pole for
precise positioning of
detail points. Sub
metre precision is
easily achieved. Used
differentially,
centimetre precision is
available.

Fig 6.6
THE THREE TYPES OF GPS EQUIPMENT



CHOOSING GPS EQUIPMENT

be improved to 0.5m. Differential correction data can be (or baselines) between the receivers. The time requited survey.

obtained from radio beacons and geostationary satellitessollect sufficient data for statistically robust adjustment

such as the Wide Area Augmentation System (WAAS) ovaries from ten minutes to several hours. Data miwt MAKING CHOICES

European Geostationary Navigation Overlay Servicacquired from a minimum of 4 satellites, with the amounMaking informed decisions about appropriate surveying
(EGNOS). Post-processing can be carried out usiatp d of data (and hence time) increasing with baseline length atethnology can be difficult. Simply getting hold of
from active stations in a national GPS network, with just aequired accuracy. Static surveying is the techmigeed to equipment rarely solves mapping problems: clarity i
few seconds of data recorded at each point. Thipetyof tie local site surveys to a national grid usingational GPS informed selection is the most valuable resource in
system is ideal for mapping at scales of up to 1.2&06 network. Baselines from a survey site to the nearastive surveying! The table MATCHING EQUIPMENT TO THE
recording associated details for database and GIS ragste stations are routinely up to or over 100km in lengtiméh TASK provides a summary of some of the considersio
Because they also use the coarser element of theSGPRequire base-station data to be collected for sealehours, to be taken into account when making choices abouhgs
signal, they work better under woodland canopy tharpreferably on more than one day, to achieve the thesGPS for a recording project. The best policy to @tids to

survey grade GPS. results. think backwards, that is to define the end product fiestd
then determine the appropriate survey strategy tohave

SURVEY GRADE GPS SURVEY GRADE GPS TECHNIQUES: this. Despite its flexibility, GPS requires a sizeable

Survey grade equipment is the most accurate andaliysu REAL-TIME KINEMATIC (RTK) GPS investment in terms of field equipment, software dan

the most expensive GPS option (see Table MATCHINGhe receiver at the base station transmits GPS cofi®tt trajning - it may be cheaper to hire equipment ratiean
EQUIPMENT TO THE TASK). It is the only type of GP$lata to one or more roving units in realtime via ato puy it if it is not going to be used often. Depeng on
which can produce survey quality data at the ceetiic telemetry link, a UHF radio or mobile ‘phone. Thisthe size of the area to be mapped and the scale at which it
level of relative horizontal accuracy. There are otw technique provides an accurate and very flexibley wh s to be presented a direct technique such as GP$ nut
principle methods of collecting data with survende GPS, surveying on open sites. The rover can be set t@a® pe the best approach; indirect techniques of topmgitic
static and real-time kinematic (RTK). All surveyade continuously, or by short occupations of the surveyednapping like aerial photogrammetry and LIDAR may
systems use a differential approach (DGPS) to survgpoints; the length of occupation can be varied depending @ pture more information for less effort.

processing. the accuracy required, and is normally between & fe

seconds and a few minutes (see Methods that in@éhe For example, the survey requirement for an operesihay
SURVEY GRADE GPS TECHNIQUES: usefulness of GPS). These systems achieve a relathadl for an end product comprising a detailed syr.at
STATIC SURVEYING accuracy of c.1cm between the base station and reaxer 1:500 scale and an eight-figure grid reference for com

Static surveying is the simplest form of GPS sumeiypg a range of up to 8km. Because of the high accuracgystem. Alternate methods to GPS could be EDM, field
this equipment. This post-process technique reqaigata flexibility of recording at large and small scadesl the time drawing, aerial photogrammetry and LIDAR. Howevir,

to be simultaneously collected at two (or more) miions saved by not having to post-process data, this has showmly the centre-point of the site is needed to ldeait on

and used later in computations to determine the & itself to be a practical and cost efficient methéat GPS local national agency mapping (at say 1:10,000 scale) then

MATCHING EQUIPMENT TO THE TASK
TASK/ END PRODUCT MAP ACCURACY REQUIRED EQUIPMENT
Locations to be identified by a grid reference andtied o )
on a 1:10000 base map. c. 10m Navigation grade GPS (hand-held). Approximate cost at 2008 - £300
Objects and monuments to be plotted against an Onirex im Mapping grade GPS. Accuracy can be improved fa-dtanding surveys bRifferential(DGPS) survey
Survey 1:2500 map, or production of plan of a similar scale. technique and post-processing. Approximate cost at 2003: £1000 - £8000
Accurate, measured survey plans at 1:1000 and Iar%eb 10m Survey grade GPS Data available in real-time or paxessed.
scales, three-dimensional data. o ¢. 0.01m relative accuracy can be achieved for ftaeding surveys usinDifferentialsurvey techniques.
Approximate cost at 2003: £18000 - £22000




USING GPS

navigation grade GPS will achieve this (at that scale a pointganisations who require accurate positioning of featureémmediately whether the data is acceptable. Post-

can only be plotted to c. 10m anyway). If the surveyobjects or assets on a plan. processing does not offer real-time verificatiored®ack

requirement is more complex and needs other products and re-survey may be necessary if accuracy has been

such as: SOME BASIC SURVEYING PROCEDURES compromised during capture.

Using GPS in the field is relatively simple. Aseams of

i a detailed 1:100 scale survey of the site providing fast and accurate location of points & tEarth’'s GEO-REFERENCING

i a 1:2500 scale survey of its contemporary andurface, when used correctly and under the rightGPS is useful for providing positioning data in a cbesi
historical landscape conditions, it has no rival. geo-spatial reference system; depending on thell@fe

i landscape survey to be fitted onto the local digitesap equipment used, objects and features can be geo-
base, with possible long term further researchRECONNAISSANCE referenced in real-time and/or be directly surveyado
potential using e.g. GIS The terrain should be assessed to see if satellite reoapti national agency mapping..

i establishment of permanent survey control to aids clear of interference from trees, buildings, cliff faets
excavation, point sampling sites for waterloggingvhere differential GPS techniques are to be usedsafe |NCREASING THE UTILITY OF GPS

monitoring, geophysical survey, fieldwalking etc. and secure location for the base station should be found. the effectiveness of survey grade GPS in the field can be
i creation of a three-dimensional model of thesurveying in real time, then there should be ndmproved by:
monument. obstructions to radio communications between the base

and rover receivers. This can be a problem in vé&illy MULTIPLE ROVERS
then consistency of relative accuracy and map amur terrain and urban areas, and in these locationsnily be \ore than one rover receiver can be used with a base
need to go hand in hand. To achieve both types of accuracyecessary to fix more than one base station, a reeeat station. Thus, larger volumes of data can be ctdld. It is
using other direct techniques like EDM or an indteone  station, or to use a mobile ‘phone. If there is #d¢k of often efficient to have two rovers working on a sit
like photogrammetry is potentially be more costlysing a woodland, GPS might be used to fix control stationgeceiving correction data from a single base statiohisT
navigation grade GPS could not provide either relativaround the edge from which to run EDM traverses undeican be used as either a post-processed techniqui oeal
accuracy or map accuracy over a large area, with eathe trees; this method can also be used to gootkeelffin  time.
point potentially being 10m in error. Mapping gra@®S complexes of high walls and buildings such asesasthd
could not achieve the accuracy required for the aifdd monastic sites. For sites where geophysical survey agtROUND MODELLING
survey and establishment of control for further worind ~ excavation require grid-based recording, GPS can be usefrge quantities of 3D data can be collected usingrey
therefore survey grade GPS offers the most apprateri as a rapid way of setting out the grid on the groundgrade equipment by walking or driving over a site. This da
method to address the problem, as it can meet mofthe  regardless of visible sight-lines. GPS is also @t idel for can be used to generate a Digital Terrain Model DT
survey requirement well as being faster than EDM eyrv surveying in inter-tidal environments (Chapman et al 2001)yhich can then be used to generate contours or be
The suitability of survey grade GPS for the job would be analysed in a GIS, enabling calculation of e gmed, slope,
completely different if the subject was under treever or  Most GPS processing software includes functions that uggainage and view-shed analysis.
required 'stone by stone' recording at a differesttale (e.g. the broadcast ephemeris or almanac (orbital infotiom)
1:20 or 1:50): it is a question of balancing the techniquéata that contains predictions of satellite positionsisTcan G|s & INVENTORY DATA CAPTURE

with the information need. be of great benefit when working on sites at hightudes Gps is useful as a capture device for attributed-gpatial
o _ . . . when satellite availability can be a problem. information suitable for inclusion in a GIS. The attribute
It is important to recognise that GPS is a flexit#ehnique tags used should match those in the GIS database and can

that can be successfully applied to many survey prosl  The amount of sky visible, how many satellites available pe filled in by the surveyor at the point of capture. GPS is a

Survey grade GPS is now commonly used by larahd their relative positions all affect the quality of ttieta yseful tool for populating an existing map, addingritoey

surveyors, cartographers and many other professions arahd resultant accuracy. One of the advantages of real-timgta to a database and verifying features identifiech f
survey grade equipment is that the operator can segdirect techniques like aerial photogrammetry driBAR.



FEATURE CODING

The raw output from GPS is only a series of 3-dimensional
points. These points must be combined with ‘feature
coding’ to denote lines, line types, line weights and caour i
Feature coding software is normally installed on the data
logger or pen computer and processed through CAD,

where information can be further be organised byda

This permits the GPS data to be converted into a
meaningful plan of the site. It is rare that GPS alone can be

used to record every aspect of a complicated samd it
should be standard operating procedure to take thkot
back into the field for final checking and possildigligonal
survey.

LIMITS OF GPS

Despite GPS offering many advantages to the suryeyo

there are a number of factors to be considered.

GPS will not work indoors or under trees.

GPS receivers have to be able to ‘see’ a minimum of
four satellites to work, five to work in real-time
kinematic mode.

Signals may be affected near high-voltage powes lin
and transmitters and these are best avoided if fides
Problems may also be encountered close to airfields
and military establishments.

Multipath errors occur when the signals received by
the antenna have not arrived by a direct path bawvé
been reflected off other surfaces such as buildings or
foliage. Multipath errors cannot be corrected by
differential GPS. The antenna, receiver and post-
processing software can detect and attempt to resolve
multipath, but errors may still be present in thersey
data. If multipath is a serious problem on a siteis
probable that GPS is not the most appropriate
technique for undertaking the survey.

GPS satellites operate in 20,200-km orbits, in six
orbital planes. Because of the way in which these orbits
are aligned, satellite availability is always biase@drds

the equator. Thus in the higher latitudes, obstructions
towards the equator, such as steep slopes or bogdi
can be a problem.

Real-time kinematic GPS often uses VHF/UHF
telemetry to transmit the correction data betweein¢
base station and rover. Local broadcast controlaym
restrict the power and frequency of radio
transmissions and this limits operational rangebmut
8km. Obstructions such as hills or buildings can also
adversely affect radio communications. However real-
time surveying systems do allow the collection atal

for post-processing if the radio link is lost; this means
that the survey can carry on until the link is re-
established. This can be a common occurrence iy ve
hilly areas, but is easily overcome by moving the base
station to a more suitable location or using repeat
stations. Other delivery methods are available such as
the use of mobile ‘phones; however this incurs kigh
running costs.

Fig 6.7 TYPICAL DGPS DATA PROCESSING

Field capture involves establishing a base station and

logging its position for the duration of the survey whilst
recording the rover position. Processing the collected
data begins with the transformation and adjustment to
agree with the known network positions. lllustrations
show (top) the unknown position of the base statian
relation to the network. The rover positions as
recorded during the survey(centre), and the equipment
in use (bottom).

USING GPS



tripod with repeater radio, antenna, and

Feature code list.

GPS TOOLS

This will be either on the data logger or in the live DA

file as layers.

Digital map tile of background
terrain for updating, amending
or verifying. Depending on the
data logging method it is
possible to plot new points

onto existing mapping in réal 1 ach the base station

time. This ISa typical can be re-occupied by an

procedure inGIS and asset  £pM or prism target if

mapping. required: the standard
traversing tribrach allows
re-occupation with out re-
levelling etc.

The data-logger gives
current information

on the condition of
the constellation as
well as the coding
options needed to
select points for

Base station radio relay unit:
for DGPS this is essential, the
unit relays the base station

mapping. - . :
position to the rover to form  Station markers and detail
the base line for the pegs; if a feature needs to
Base station receiver mounted on levelled Rover unit: on a detail pole with radio trilateration of each measured be pegged out for chain
link to base station, data-logger (also point. and offset survey from
on right), power supply and receiver. GPS tie points.

power supply.

Rover unit: on a detail pole with
radio link (in backpack with
power supply) to base station
logger, power supply and
receiver.



Active stations A network of continuously

operating, high quality GPS

receivers located throughout a

region usually managed by a

national mapping agency.

In e.g. the UK, GPS RINEX data Ephemeris
is downloaded hourly from each

station and released onto the

national GPS network web site.

Almanac A set of parameters included in
the GPS satellite navigation
message that a receiver uses to
predict the approximate location
of a satellite. The almanac
contains information about all of
the satellites in the constellation.

Co-ordinate converter A software utility that

transforms co-ordinates from

one co-ordinate system into

another. Geoid
Co-ordinate system A pre-defined framework onto
which coordinates can be
related.

Differential GPS (DGPS) A technique for increaskm t
accuracy of GPS derived
positions by using additional data Geo-reference
from a reference GPS receiver at
a known position.

Ellipsoid A three-dimensional geometric GIS
figure used to approximate the
shape of the earth.

ETRS89 The European Terrestrial

Reference System 1989. This is the
standard precise GPS co-ordinate

GLOSSARY OF GPS TERMS

system throughout Europe. Itis a
more precise definition of the
WGS84 GPS co-ordinate system,
fixed in 1989.

A description of the path of a National Grid
celestial body indexed by time. The
navigation message from each GPS
satellite includes a predicted Passive stations
ephemeris for the orbit of that
satellite for the current hour.
Precise ephemeris data files can be
downloaded from the US National
Geodetic website
(http://www.ngs.noaa.gov/). The
precise ephemeris contains the
recorded positions and is available Projection:
after one day for the NGS Rapid
Orbits version or eight days for
the NGS Precise Orbits version.  Transformation
A mathematical model of the level
surface which is closest to mean
sea level over the oceans. The
surface is continued under the land
and acts as a fundamental
reference surface for height
measurement.

WGS84

Co-ordinate reference on a
regional or national co-ordinate
system.

Geographic Information System

National GPS Network For example in the UK: A netvkor

of reference stations throughout
Great Britain maintained by the
Ordnance Survey. It consists of
some 32 active stations and 900

passive stations. This network
allows users of GPS to carry out
positioning in the precise ETRS89
co-ordinate system.

A national standard co-ordinate
system for mapping.

Publicly accessible survey stations
located throughout a country or
region. The locations and precise
co-ordinates of these stations are
known and can usually be acquired
through the relevant national
mapping agency.

Method of describing a curved
surface on a plane.

A co-ordinate transformation
enables a user to convert from one
co-ordinate system to another. For
example, in the UK from ETRS89
to OSGB36 using the OSTNO02
transformation.

World Geodetic System 1984. The
standard co-ordinate system for
GPS data throughout the world.
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