Lecture 1-ADMIN

e Surveyingexamples
o Measured Drawings-Site plan/cross-section/floor plans
o Conditioned Survey-construction materials
o EnergyPerformance-lighting
Lecture 2-INTRO
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e Sourcesoferror
o Site/area
= Artifacts-buildings aren’t constant-they evolve, age and are modified overtime
forcingthe userto pay attention to whattime the data was taken
= Environment-temperature, sunlightand cloud coverall play a role inaccuracy
o Tools/sensor
= Device-roundingerrorsand calibration
= Human-human errorand bias-lack of experience
= Provenance-withoutan attached record of how, why, where, how or with what
and by who, accuracy islimited-transmitted
e DrawingConventions
o Cross-section-cutvertically
o Plansections-cut horizontally
o Elevations-view fromthe ground from outside the building
e Tools
o Reconnaissance-usingfield notes and sketches (paces, triangulation, height, span)
Digital Photography-context, location, detail
Reflectorless Electronic Distance Measurement Total Station (REDM)
Computer Aided Design (CAD)

o O O



o Global Navigation Positioning System (GNPS)
o Geographiclnformation Systems (GIS)
o Others-photogrammetry-3D scanning

Lecture 3-BASICS

Geometry-geo means earth
Trigonometry-trogono means triangle
Field Measurements
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e Cosine law a2=b2+c?-2bccosA
e Surveyingisthe artand science of determining the position of points nearthe surface of the
Earth

e TypesofSurveying

o Plane Surveying-thesurface of the earthis considered to be a 2D plane forall X,Y
dimensions

o GeodeticSurveying-the earthis considered to be a 3D ellipsoid for Xand Y dimensions
o Topographic, Hydrographic, Route, Property, Aerial, Construction, Final (as built)

o Levels-measure the height of distance pointsinrelation to a bench mark
= Slowspeed, rangeis0-25m, portable, very operable
o Hand-tape measure, plumbbob, rod, level, drawing
= Needsminimaltraining, labourintensive if high accuracyis needed, rangeis
short
o Total Station-TS06 5"’ of angular precision, reflectorless range 400m
= Time of flight device-laser, infrared-measures the time it takes foran object,
article, acousticor electromagneticwave to travel adistance through a medium.
= An electrical/optical instrument used in modern surveying
= An electronictheodolite (transit)integrated with and electronicdistance meter
(EDM) to read distances fromthe instrument to a particular point
= Relatively quick butrequiresaskilled surveyor, precision depends on userand
the surface(reflectiveness) ranges from 0-160m, relatively costly, but portable
o GPNS-space based global navigation satellite system that provides reliablelocation and
time information atall timesand all places aslong as there are foursatellites that have
an unobstructed line of sight
= Rangeisinkmsand can be accurate fromcm to m based on the expense, can
only be used outdoorsandis quick
o Navigation-grade GPS-map and absolute accuracy for 10m, not good for surveying or
heights
o Mapping-grade-map and absolute accuracy down to 1m, suitable for mappingbut not
site surveying
o Survey-grade-cmrelative accuracy, map and absolute accuracy to 100mm
e Measurements-distances, angles

o Units
=  Length-mm, m, km
= Angle

o Degree, minute, seconds (dddo, mm’, s”’)
e Decimal degrees (XX.xxxxxo)
e Radians(rr.rrr)
e Total Station (ddd.mmss) Pseudo Decimal
o UTM

e Elements-points, lines, planes

e Location Methods
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e Accuracy vs precision (accurate is on target, preciseis close together)
o Accuracy ratio-error/true measurement
o Common-pacing 1/100
= Transitand tape
e Student1/500-1/2000
e Professional 1/3000-1/10000
= Total station
e Firstorder1/50,000
e Secondorder1/20,000
e Thirdorder 1/8,000
e Fourthorder 1/3,000

Lecture 4-LEVEL

e Levelling-measure the height of distance pointin relation to abench mark
o The procedure usedtofind the elevation points and the difference in elevation between
them
o Elevation-vertical distance between a pointand reference point, line or plane (datum)
o Reference datum-meansealevel
o Local reference-bench mark
e Differential levelling-determines the difference in elevation between points ata distance
o Surveyorsleveland graduated rod
®* Rod can bereadinfeetor metresandis markedin m,dm, cm allowing
estimationsto the nearest 5mm (m.dmcm mm)
= Made of wood, fibre-glass or metal

e Automaticlevel-self adjusting afteraninitial leveling using bull’s eye bubble
e Digital level-sight on rod with bar code used to determine elevation and distance
e Tiltinglevel-adjustment of the scope before each reading



e Bench mark-permanent point of known elevation

e Temporary bench mark-semi-permanent

e Turningpoint-elevation transfer point

e Backsight-reading taken on a point of known elevation (+)
e Heightofinstrument-elevation of line of sight

e Foresight-readingtakenonaBM, TP or TBM (-)

o Known elevation+bs=HI
o HI-FS=new elevation

Lecture 5-DISTANCE

e Distances
o Indirect-scaling, stadia, subtense bar
o Direct-pacing, odometer, EDM, tapes
e Tapes
o Cuttape-firstandlastdm markedincm and mm
o Addtape-extradm marked before 0, extradm markedin cm, mm running backwards
o Accessories
=  Plumbbob
= Rangepole
= Tensionhandle
=  Chainingpins
= Handlevel
= Clinometer-eyesightlevel, 45 degrees with roof of building
e Trilateration-measure two distances from two known points
e Triangulation-measure two angles from two known points
e 3-4-5 Method
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Lecture 6-DISTANCE

e Systematictapingerrors
o Slope, Erroneouslength, Temperature, Tension and sag
e Randomtapingerrors
o Slope, temperature, Tension and sag, Alignment, Marking and plumbing
e Tapingprocedure
o Zero,align, pull, plumb/level, mark, record
e Grade (%)=VD/HDx100
e Length Correction
o D=recordeddistance
o T,=nominal tape length
o C,=constanterror
o Ta=T,- C=actual tape length
o Dc=D(Ta/ T, )=corrected distance
e Temperature Correction
o C&=a(T-T,)D
= a=coefficient of thermal expansion=11.6x10° C!
=  T,=standard calibration=20C
=  T=temperature of tape during measurement
= D=distance measured
e Invarsteeltapes
o Low thermal expansion, nickel-steel alloy
o a=3.6-5.5x107/ C
e Tension Correction
o P.=standardtension=50N

o P=appliedtension
o L=Length of tape (m)
o A=cross sectional area of tape (mm?)
o E=modulus of elasticity of steel=200,000N/mm?
(P—Pg)L
0 Cp=———
AE

e Sag Correction
o w=tape weight perunitlength (N/m)
_W2L3
T 2ap?
e Normaltension-tensile force applied to tape to compensate (eliminate) sag

o G

e Tapingprocedure
o Zero,align, pull, plumb/level, mark, record

Lecture 7-TOTAL STATION

e ElectronicDistance Measurement
o Modulated EM waves emitted and reflected back by prism
o Response measuredinterms of numbers of waves
o Distanceiscalculated frominformation aboutthe wave



= Speed of light=c=300000km/s
= Wave length=velocity/frequency=A=c/f
» Total distance isdoubled-there and back=SD=(1/2)(n A +¢)=slope distance
» Instrument measuresthe number of times, n, and measuringthe fraction, ¢
o Environmental affects
=  Temperature (1ppm/C), pressure (0.5ppm/mmHg), moisture
content(10ppm/mmHg)
o ImplicitErrors
=  Temperature (-1ppm/C)
= Pressure (+.3ppm/mmHg)
= EDM's automatically correct fortemp and pressure, corrections are negligible
under3km and dependontype/number of prisms

=  No prism-100-400m
= 1 prism-under 1km
= 3 prisms-1.5km
= 11 prisms-15km
o Accuracy
=  Short-15mm+5ppm
=  Long-3mm+lppm
o Measuringtime-1.5/3.5s
o Battery-1400-4200 shots
o Temperature--20-50C
Typical EDM
o Range-lkmto 10km
Accuracy-t(15mm+5ppm) at short range
Temperature range--20to 50 C
Measuringtime isunder 1.5 secfor short range
Automatically converts from SDto HD while the battery lasts from 1000 to 4000 points
(4hrs)
Leica TS06
o Range of 3-3.5km with a single prism
o Accuracy of +(3mm +2ppm)
o Measuringtimeis0.8-2.4s with a precision of 1’” and batterylastsfor20 hours at 20 C
Mini Prism
o Reflectthe signal transmitted by the EDM and is 360
Total Station
o Measures horizontal and vertical angles with the theodoliteand distances with the
distance meter at the same time soa 3D coordinate point can be deducted
o Transmitsand infrared wavelength to a prism, targetor objectand measuresthe timeit
takesfor the light to bounce back to measure the distance
o Thereflectorless EDM can measure distances straight from a surface without areflector
and only requires one setup. With both measurements, angles and distances, itis
possible to calculate the positions with trig

o O O O



o Usefultorecord prominent features of the building but not measurements of complex
surfaces
o FieldTechniques
= Pointlocation, traversing, resection, offset measurement, layout or setting out-
positions, areacomputation
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| SURVEYING WORKFLOW: WORKING WITH A TOTAL STATION |

o Traversing
= Usuallya control survey used for mapping, legal and engineering surveys. A
series of established stations tied together by angle and distances. It can be
openand closed.
= Transverse servesfor 1. Locate topographicdetail for the prep of plans



= 2. lay out(locate) engineeringworks
= 3. Processand orderearthwork and other engineering quantities
= Computations-balance field angles, compute latitudes and departures,
compute traverse error, balance latitudes and departures, adjust original
distances and directions, compute coordinates of transverse stations and
compute the area enclosed by aclosed traverse

|SURVEYING PROGRAM | - Ts06
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Lecture 8-CAD

1. Make a sketch
- Make a detailed sketch of the area you want to
measure with all the features and enough space to
put Point ID comesponding with the measurements
you will be making
2. Select Surveying program
- Select Prog from the MAIN MENU
- Select Surveying from the PROGRAMS menu
3. Define a new Job
- Goto “Set job” in Pre-seftings screen
- On"Select Job™
Scroll to New and hit enter
- Scroll to Job and type your job name
Go to operator: insert your group number
(Setting the Job)
- When done, hit "OK™
4. Set Station
- Goto “Set Station” on the “Pre-Settings™ screen
- Insert Station number (a new screen will appear
as the station is not found in your infernal memory)
enter the first local coordinates:
- East: 1000, North: 1000, Height: 100
Enter instrument height screen appears once the
station coordinates have been entered. Enter the
instrument height
Press OK to retum to the Pre-Settings screen
5. Set Orientation
- For your first orientation, you will use the “magnetic
north™, for this reason, go first to “Set orientation™ in
the “Pre-Settings™ screen
- Hit “Manual Angle Settings”

- In “Bearing” set to 0, and crientated the
telescope of your Total Station towards the
north with the help of the magnetic compass,
when positioned press "Rec”, now your device
is orientated to bearing “north™

6. Surveying

- Define the new point that will be measured by
typing on “PtiD”

- Make sure that the reflector height (hr) is correct
and that you are using the correct reflector or
non-reflector feature to measure the desired
points in space

- Use the sketch you made to insert the point id
where you have measured

* For more information consult
the Leica Manual, pages: 92
-102

e Adigital drawingtool that has graphic primitives (lines, rectangles etc) arrangedina3D
coordinate system makingit possible to change theirlocation orscale.

e Drawingisstoredin full size, the scale will be specified in the plot output which modifies the size
of the view appropriate to the required scale and paperlayout

e 2Dand3D

Point Density

To produce “as found” measured drawings a suitable density of points
must be used. this depends on the complexity of the subject

Line Weight
For the sake of clarity, different line weights are used in architectural
conventions, as for exampe a heavier line should be used to show the “line
of cut” inside the building

Decreasing line weights are used to indicate changes of planes in complex
elevations. Bare in mind that scale will affect the line weight

Text

Use an adequate font that provides clarity to measured drawings, mind the
scale when selecting the height of text

View

True orthogonal projections should be chosen that represents building
views according to engineering/architectural conventions

Data Sources

CAD drawings are usually constructed from different sources of
information, including previous documentation and on site recording. The
use of layers can be useful to identify the origin of a measurement. This
will ensure appropriate provenance data.

Scale

Although CAD allows producing different scales of measured drawings
from a single CAD file, bear in mind that a survey is carried out for an.
specific level of detail

Layers

Layers allow separating information in CAD drawing using specified
criteria. Different heritage information have published a layer structure
guidelines

Version control

CAD drawings can be modified and updated easily, this can lead to

confusion about the different versions of a measured drawings, make sure
that layers indicate the date, when they have been drawn
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3D polyline-command 3dpoly: allows drawing agrouped line through 3D space

e Snapping-allows youto pick corners, midpoints etcto create accurate elements

e Mirror-allows makingirregular shapes from profiles

e Rotate-allows rotatingaround abase pointor reference line

o Offset-allows to copy selected entities and place the copy at a specificdistance from the original
or through an existing position on anotherelement creating a parallel or concentric copies of
lines, polylines, circles, arcs or splines

e Scale-allows enlarging/reducing objects, keepingthe proportions
e layers-organize yourdrawings

Lecture 9-CONVENTIONAL DRAWINGS
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Needtitle block, barscale, north arrow and dimensions

Lecture 10-CAD2

Plotting drawingis the final output of the metricsurvey, thereforthe info providedinitis of
primary importance forthe acquisition, storage, management, and retrieval of the info required
Considerthe following reference info priorto prepare a border, label and thematic caption
o Format-size forpresenting the data, should contain single or multiple views with defined
scales
o Labeling-give info about orientation of the drawing, position, labels (title, scale, date,
authors etc)
Scale-metricscale isdrawn without units usually, justin ratio, architects and engineers usually
use mm
o Drawingscale factor isasingle numberthe represents the multiplier, normally96, 20 or
0.5. the drawingscale factorfor a drawingis the conversion factorbetweena
measurementonthe plotanda measurementinthe real world
Model space-draw featuresthat were surveyed (hidden lines, phantom lines, symmetry lines,
dimensions etc)
o VPORTS commandto create separate viewports
o TILEMODE system variable switches between the modelspace tab and a layout tab
Layouts
o Can be changed withoutchangingthe location of the geometry, multiple layouts can be
included withinasingle drawing
o Modelspaceis the onlytab onthe bottomthat isn’ta layout
o Paperspacerepresentsasheet of paperthat you can organize the viewsyouwantto
plot. Contain viewports that can display any part of your geometry atany scale
o Floatingviewports can display layersin different states than otherviewports and can be
any shape
o Toscaleaviewportforplottingat 1:10 scale, type .1XP afterissuing the zoom command
o Paperspace-once you are ready to presentyourdrawingyou needtocreate a layoutin
paperspace which contains sheet border, title block, title block text, bill f materials
Plotstyle- define the plotting specifications
Topography-contourlines-close means steep slope
o Straight means man-made
o Everyfifthlineislabelled with an elevation
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The Interface

The standard interface is shown in the graphic below. Notice the following elements:

1. The Graphic Window or Drawing Area: This is the main window where the user inputs,
modifies, and views visual data.

2 Toolspace: Toolspace is an integral camponent in the user interface for accessing
commands, styles, and data. Use it to access the Prospectar, Settings, Survey, and Toolbox
tabs. Right-click each collection or item on these tabs to access commands.

3. Ribbon: The ribbon provides access for AutoCAD Civil 3D commands. Displayed at the top of
the drawing window, the ribbon provides one location for commands, in an organization
that provides the t-freq ly used ds in the most places.

il

4. Application Menu: Provides drawing-related commands, such as New, Open, Save, and
Export to AutoCAD.

5. Quick Access Toolbar: The Quick Access toolbar displays frequently used tools. You can add
ribbon buttons to the Quick Access toolbar

6. InfoCenter: The InfoCenter enables you to search for key words, enter a question for help,
display the Communication Center panel for product updates and announcements, and
display the Favorites panel to access saved topics. It also displays links to Help topics, RSS
feeds, and product updates and announcements.

7. Command window: Also known as the command line or the text window, the command
window enables user input using the keyboard for commands or numerical values. It alsa
queries the user for information when required and reports data about the drawing.

e

Status bar: The status bar displays status information and includes some controls for
changing the view.

DTM: digital terrain model

e TIN: triangulatedirregular network
e Breaklines: define terrain breaks, triangulation follows
e Surveyingatopography:create transverse coordinates foryour surveying network of fixed

points, survey agrid of topographicpoints throughoutthe sight coveringthe entire area,
identify and survey the breaklines, survey features of the sight; buildings paths etc

Lecture 11-TOTAL STATION 2

e Azimuth-horizontal distance measured clockwise fromthe northtothe line, atthe beginning of
theline
e Bearing-acute horizontal angle measured from the north orsouth directionto the line. Shown as
N30W isin the fourth quandrant
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e Bearingare more commonly used, azimuths are easier for computer calculations, traverse angle
adjustments computations are easier with azimuths

e Resection-atotal station features usedto determine the instruments position from
measurements to known points, min of 2 max of 5, 10

1. Make a sketch The Total Station will display the calculat-

Make » detailed sxeich of the area you wanl Io meesise_ed station coordinates. The final computed
results are Easting, Northing and Height
coordinates of the present instrument sta-
tion, including the instrument height. Also,
standard deviations and residuals for accu-
racy assessments are provided.

racy Limit 6. Now you can survey from this new position, follow

4. SetAccu
Set the surveying part

+ For more information consult
the Leica Manual, pages: 111
-117

Lecture 12-TRAVERSE

e Control surveystolocate topographicdetail, layout engineering works, as-built
e Opentraverse-highways closedtraverse-boundary, construction

TRAVERSING

Perimeter =P =X L,

> . L 1
a; =(n-2)180° Accuracy Ratio = —¢ =
2 Y P P/L,
Station Field angle Arbitranly balanced Equally balanced
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o)
Correctionfangle % 12

e Northingislatitude, eastingis departure
e Error of closure
o Calculate interiorangle-sum of angles-(n-2)180



o Adjustinteriorangles. Calculate Az/Brg
o Calculatelat/depforalllines(sign)
o Addlat/dep with propersign
o Linearerror
o Perimeter=E?=(sum of lat)?+(sum of dep)?
o Accuracy ratiois E/P
|ERROR CALCULATIONS
Line | Angle | AdjAngle | Dist [Azimuth | Lat | Dep
AB | 606876 | 60.7044 | 20.65 | 3318767| 18212 | 9.734
BC | 64.1085 | 64125 | 21.95 | 216.0022[-17.757|-12.003
CA_ | 551531 | 551700 | 1956 | _©1.1722| -0.401 | 19.586
[~ Sum| 1790492 | 1600000 | 62.19 0.054 | -3.050
AngEm | 00508 | 00000
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Lecture 13-TSTRAVERSE
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COMPASS RULE

LATITUDE & DEPARTURE « Ruletodistribute the errors in LAT/DEP. The compass rule distributes
Algebraic signs of Lat/Dep by trigonometric functions (a is the azimuth) the errors in LAT/DEP for each of the traverse course in the same
e propertion as the course distance is to the traverse perimeter.
: Compass Rule: calculation of course error of Latitude
= [ Guadrart | C latAB AB
=5 -—>ClatAB=J lat« AB
LAT is (+); COS a is (+) LAT.is (+); COS ais (+) Z lat B P
DEF is (-): SINais (-) DEP is (+); SINa s (+)
‘‘‘‘‘‘ ¢ } £ o

Compass Rule: calculation of course error of Departure
LATis(-),COSais(-) LALis (-),COSais(-)

DEP.is (-):SINais (-) DEP is (+); SIN a is (+) C deE AB_ ‘& _
= = Sdep P —>CdepAB =} dep xLPB

Lecture 14-FINALPROJECT
Lecture 15-CAD ANDTOTAL STATION

e Topographicsurveysare preliminary surveys used to locate the horizontal and vertical positions
of natural and constructed surface featuresin a defined geographicarea. Such features are
located relative to one anotherin the field by tyingthemall into the same control line or
control grid, or through the direct positioning technigues common to satellite positioning field
surveys. Additionally topographicspatial detail positioning can be conducted usingremote
sensingsurveys

e Most natural features are not precisely defined themselves therefor aerial or satellite imaging
can be used

e Breaklinesare joined coordinated surface pointsthat define changesinslope, such asvalley
lines, ridge lines, the tops and bottoms of slopes, ditch lines and the tops and bottoms of curbs

Lecture 16-TS04

ICALCULATIONS|

Field Desciption
Toknown Toclose  traverse to known dosing point.
Closing Point
of the dlosing point are known.
1. Input the datafor the point.
2. Measure to the closing point.
3. Theresultsare isplayed.
Atknown Toclose  traverse at a known station ony. i knonn To clse a raverse ta Ko stion 13 known dosing pont.
Station only | Use when setup on the closing station and the coordinates for t siaton o Use whensetupon thedosing saton and the coordnate for
known Closing | the station and the closing point are known
are known. point CB=  Mithismethod i chosen distance measurement s
1. Input the datafor the closing sation. manditory
2 Theresultsare displayed. 1. Iputthe dtafor both points
2 Messure o the losing poin.
Leaveapen 3 Theresubsare displayed.
1. Theresultsare displayed.
| 1
Selectanoption, fromthe  CLOSETRAVERSE ~ menu'to proceedtothe  TRAVERSE |
RESULTS  screen. 1

s Sl

Lecture 17-CADO3

e Plottingsteps: setdrawing units to meters, definelayers, make a papersheet, make atitle block,
define attributes, make a plot style, make a page layoutand importthe title block and borders
defined, plotthe file intoa PDF

Lecture 18-CAD0O4

Lecture 20-SURVEYING APPLICATIONS

e Surveying-topographyand geomatics
o Artand science of determiningthe position of the objects on, below and above the
surface of the Earth



o Positionisdetermined by the measurements of distances, elevations, and angles
o Types:cadastral, landtitle, boundary, archeological, as-built/layout, bathymetric,
geological, hydrograph, plane, geodetic, forensic
Measurement Errors
Factors Aspects Types
Environment Precision Gross
m Instrument Accuracy Random
Idea Operator Reliability Systematic
Calculations
Drawing e
jation
Surveyir.\g nedu:dunry
Actual Object Repetition
Procedure

e Typical grades-stairs 55%

o Ramps10%
o Sewers2%

o Railways 1%
o Roads 1%-8%

e Field procedure-measure, specify, determine, select, calculate, stake

Example

PI=785.00 m

Q)

A=5380

S
BC=PI-T %._ | . EC=BC+L

Calculations

Determine:

Curve parameters

- a=(g,g,)/(2L)

-b=g,

= ¢=Egy

Elevation of beginning/end of Vertical Curve
= Egye = Epyy £ 84(1/2)

= Epye = Epy 2 8,(L/2)
Chainage of beginning/end of Vertical Curve
= Chyy = Chpyy - L/2

= Chygye = Chyy + /2

Lecture 21-GNSS

T=R tan (a12)
T - 300 tan(53.8/ 2) = 152.2m

C=2R sin (8/2)
C - 2(300) sin(53.8/2) = 271.5m)

L= 2R

=2 -2817
L 2'{3003380 2817m|

Geometry

b
360°
538

Calculations

Low/High point

= x=-8,l/(g,8,)

- y = ax’+bx+c

Chainage of low/high point

= Chyp= Chyye +x

Elevation of low/high point

= Ep=Epezy
Elevations along

~ Tangent E,, = Eqy, =X

- Cuve By =Epczy

~ Offset between Curve and Tangent = Tangent k., - Curve E,,,

an Calculations

‘ b=g ‘ Given:

— L= Length of Vertical Curve (Specified)
— Ch,,, = Chainage of break point

— E,, = Elevation of break point

— g, = Approach grade

— g, = Exit grade

— y = ax’+bx+c Equation of curve




Types of coordinates
o Angular-3D Latitude and longitude
o Rectangular-2D universal transverse Mercatorand military
o Grid size determinesthe precision of the coordinate eg 10m size gives precision to

nearest 10t
PROJETCTION

Seat Exmr

UT™m Sewe 100 Large ? Seate 108 Lurge
e Zone Easting Adoo 3
Number Value §

1T 5644829 NP

Northing fank’
Value

Letter

o]
Global positioning system is aspace-based global navigation system that provides reliable

locationand time infoin all weatherat all times and anywhere on Earth that thereisan
unobstructed view of four or more satellites.
o Navigation-grade GPS
= Map andabsolute accuracy to ~10m, good for findinglocationinrelationto
maps andrelocatingsites, bad for heights and site survey
o Mapping-grade
= Map andabsolute accuracy to 1m can be achievedinreal time orif post-
processed, suitable for 1:2500 scale but notsite survey
o Survey-grade
= Map andabsolute accuracy to 100mm can be achievedinreal time orif
post-processed
5-10m is a stand alone GPS $100
1-3m is a DGPS with code corrections $3000
Submeterto subfoot is a DGPS with phase corrections $6000
o Cm phase corrections from $15000

o O O

Positioning techniques
o Code measurements
=  GPS-pseudo-range navigation
o Differential GPS or DGPS
= Code corrections, carrier phasemeasurements, post processing, realtime
(phase corrections)
o Augmentedservices
= Ground base augmented services
=  Satellite base augmented services
= Assisted GPSand high sensitivity GPS
GDOP-geometricdilution of precision
o Tiedfromeach cornernot justone so more accurate
Stand alone GPS is not a good way because theionosphere causesdelayin deflectionin the
ray which affects the location



e Differential GPSiswhenyou have an error sentto both receiversdue tothe ionosphere: a
reference receiverthatknowsits position sends a corrected coordinate to the roverreceiver

e Errors occur fromclock errors, ionosphere slows down the signal, multipath, bouncing, less
than 7 satellites

TOOLBOX: EQUIPMENTS

Carrying capadity
et
e
s apstme

Lecture 23-24-3D SCANNINGANDBIM

[ — U et s e

——— e e e oy

e 3D scannerisa device thatcollects 3D coordinates of a region of an object surface
automatically and in a systematic pattern ata highrate in (near) real time
e Canrecordhighnumbersina veryshort time with high accuracy but needsline of sight
e Haslongrange, safe, non-contact, accessible, fast
e Terrestrial Scanners
o Dynamicscanners
= Mobile scanning, roads/highways, cities
o Staticscanner
= Longrange-(150-1000m)
e Citymodeling, mining
e Cm accuracy, 500000-1000000pt/sec
=  Mid range-(1-180m)
e Construction, geology, architecture, historicplaces
e Mm accuracy, 100-1000000pt/sec
=  Shortrange-(0.5-2m)
e Bodyscanning, medicine, artifacts, crime scenes
e Submm accuracy, 100pt/sec

MEASURING USING AN ACTIVE APPROACH: LIGHT (LASERS) | able 1 Laer Se8iig techoiques used in cultural heritage management activties
v 4 use typical accuracy / operating range
P olaion stage - scanning smail odjects (Inat can be femoved from sde) 50 microns /0. 1m-1m
- « 10 produce data sutable for a replica of the object 10 be made
e R | | s cvtte U@QUION- | mounted  + scanning smat objects and smal surtaces 50 microns /0 1m-1m
based anigfact « can be performed on site i required
£ e « can be used 1o produce  repica
—— | — | muToprism  + scanning small object surface areas in sty sub-mm /0 1m-25m
nmaw A « can be used 1o PoJUCE  repica
R
S ey Rerrestrie time oAt ser <vrer: 10 SUrvey bullding taa0es and Inferiors, fesuting in ine. 3-6mm at ranges up 10 several
— Qrawings (WIth supporting data) and surtace modets. hundred metres
terrestrial phase.comparson +10 survey busding fagaces and inleriors fesuling INWne ¢ 5m at ranges up 10 50-100m
v | g 1 mser scanners Grawings (Wih supporting data) and surface models — particutarly
- WNErE rapid 03 acquISIon and fgh point densdy are required
‘Bmarme laser scanning +10 map and prospect landscapes (Ncluding in forested areas) 0.05m+ (depending on the parameters
\ o of the survey) / 100m-3500m
R mobie mapping +10 survey highways and rasways 10-50mm / 100-200m
- for city modets
S e \ 1o montor coastal erosion
(Baapted trom Barbet DM Datias. RWA and Mis, JP 2006 ‘Laser scanning for architectural conservation’, J Archit Consery. 12 , 35-52)




Table 2 point densities i for various sizes of

cultural heritage feature
point density point density required to

feature size example feature required to give give a 95% probability that
66%  probability the feature will be visible
that the feature will
be visible

10m large earth work 3500mm 500mm

im small earth work/ditch 350mm 50mm

100mm large stone masonry 35mm S5mm

10mm fint galleting/large tool marks  3.5mm 0.5mm

imm weathered masonry 0.35mm 0.05mm

e Constraints
o Surface reflectiveness, temperature, distortion fromvibration
e Resolutionisdefined as the distance between two subsequent measured points and thus
determines the density of pointsinthe point cloud
e Define deliverables-planning-recording—registration/processing-modeling
e Whenscanningavoid creating shadowsto enlarge the amount of info to be gathered
e Mergingscans
o Direct
= Settingthe device overaknown point
e Leveling, centering, and orientatingthe device
o Requiresexisting or new control network and a total station
o Geo-reference possible by GNSS device orotherterrestrial
positioning
o Indirect
= Targetto target
e Placingandscanningtarget’s positions
o Geo-reference possible by measuring targets with T.S. GNSS or
otherterrestrial positioning
= (Cloudto cloud
e Cloudsneedtobe scanned with 30% overlap
o Geo-reference possible by measuring points of interest with T.S.
GNSS or otherterrestrial positioning
e Preparethe data forexport by removingdisconnected and noisy points by meshing
e Parametricmodelling uses parametric constraints to defineand easily modify partfeatures, and

to create relationships between these featuresin orderto create intelligent part modelsto be
created to assembly models

Lecture 25-PHOTOGRAMMETRY

e Factors-focal length



Focal length

Image scale (format of the CCD)

=  Field of view-defines how much the camera seesand the function of the focal
length of the lens and the size
Aperture
Exposure
Shutterspeed
ISO sensitivity
Lensdistortion directly affects the metricaccuracy of the image and must be removed by the
photogrammetrist
o Radial distortionisafailure of alenstoberectilinear; afailure toimage linesintolines.
This occurs if the photographisn’ttaken straight on because the rectangles come out as
trapezoids. Can also be described as a function of the angle a of the ray from the optical

O O O O

. . d . . . . .
axisdefinedasa = arctan; where disthe image distance fromthe optical axis and f

relatestothe focal length

o Perspectivedistortionisthe warpingortransformation of an objectandits surrounding
area that differs significantly from what the object would look like with a normal focal
length. Occursin pictures when objects close tothe lens appeartoo large and objects
furtherappeartoo small

Focal length
Itis the distance between the

| » imaging surface plane (piece of
/‘ 1 4 film in a 35mm camera or CCD 1 Aerial photographs
chip in a digital camera) and a 2
polnt where allight rays Inter Panchromatic or colour images

“ sectinside the lens
Format aspect ratio: 2 satoy 2 Rectified images
Principal point (where the optical axis of the lens inter- 6 Radar mosaics
pal point { P Itis defined as the camera's format width divided by its format height
sects the photograph)
Principal point

Distortion parameters the imaging plane. It is the reference point in the image to which all

CCD: s an acronym for Charge Coupled Device. CCDs are

The location in a camera where the optical axis of the lens intersects

Deliver Products

marks and lens distortion parameters are related. 3 Photo Mosaics

Other particular views such as

used in a video or digital camera to capture and record s Orthophot |
light as ilm does in a film camera Orthophotos \ particular perspectives, oblique
\ views, and colour coded
4 elevation maps

Photogrammetryisthe art, science, and technology of obtainingreliableinfo about physical
objectsandthe environmentthrough the process of recording, measuring, and interpreting
images

Stereophotogrammetry makes it possible to estimate the 3D coordinates of points on an object,
which are determined by measurements made in two or more photographicimagestakenfrom
different positions. Common points are identified. A line of sight (orray) can be constructed
fromthe cameralocationto the pointonthe object. Itis the intersection of these rays
(triangulation) that determines the three-dimensional location of the point. More sophisticated
algorithms can exploit otherinformation about the scene thatis known a priori, forexample
symmetries, in some cases allowing reconstructions of 3D coordinates from only one camera
position

Closed-range (terrestrial) is the taking of photographs of the ground from an elevated position.
The term usually refers toimagesin which the camerais not supported by a ground-based
structure. Cameras may be hand held or mounted, and photographs may be taken by a
photographer, triggered remotely ortriggered automatically. Platforms foraerial photography
include fixed-wing aircraft, helicopters, balloons, blimps and dirigibles, rockets, kites, poles and
parachutes.



Always 0

film or CCD chip

rotation angles (¢, @, x) (terrain) co-ordinate system

% - — - * Terrain

Aerial isused by architects and civil engineers (to produce as-built records of buildings or
documenttheir condition), archaeologists (to facilitate analysis of historicbuildings), surgeons
(plasticsurgery), police departments (documentation of trafficaccidents and crime scenes) -
involvesacamera, tripod, and software
Photogrammetry
o Position, Orientation, Shape
= basedon
e photochemical conventional photography)
e photoelectrical (digital photography)
o Size
=  OBJECTS

e Digital points determination: 3d coordinates
Drawings (analogue) - planimetric detail and contourlines

e Geometricmodels (digital) - transferto GIS or CAD

e Images (analogue ordigital: ortho, rectified photos 3D photomodels
Stereoscopy creates animpression of depth and is the capability of the human binocularvisual
systemto perceive depth when presented with the images from the leftto the right eyes. The
braininterpretsthe parallax ina way conceptually similar
Parallaxisthe apparentdisplacementinthe position of an object when viewed or photographed
fromdifferent vantage points
An orthophoto ororthophotographis an aerial photograph geometrically corrected
("orthorectified") such that the scale is uniform: the photo has the same lack of distortionasa
map

HHUYT VIS itauvig

Perspective projection

. Known from camera
calibration
Known: position of the
image (coordinates)
Negative

Values near 0 (most cases), if 0
~call Nadir image

Positive

The reconstruction of the orientation
0= horizontal of each photo, which means to define
the exact position of all photos which

phi, omega

we want to use within the object

N Vertical images over flat terrain
erspective center . . . a
—a — have a simple characterisation of | scale = —
A\ scale. A
\ J

—\ 1 Image planc

The scale can also be
expressed as:

scale = f
H-

For actual images the concept of scale becomes
more complicated. For tilted or oblique photos,
scale varies point by point and in each point it
varies with direction (see analogy with cartogra-
phy).

Datum



Recover the
Sensor's
parameters

Terrestrial sensors

Extract image
correspondences &
generate 3D data

entities

|Focal lenght
|principal point
’Iens distortion ,

Rotation
Translation

! 2
X rs
5
inauda, F. Photogrammetry course., Pol. University of Turin

|P H o T 0 G R A M M E T R Y]Resecﬂon: two Images bundle

solution

bundle solution
Aso object points can be used. I this case, each point
Introduces 3 niew unknowns (the object coordinates) but 4 new
equations, 50 they contribute to the global redundancy of the

solving system.
LUTE 0 A )
s Qo Lo Lo
o6 Qs Lo, o
Wow 6 X Yoo, o

For each point of known coordinates 4
quations can be witien. Al the used
points must be imaged on the two images

IR 9 O
W= M e,
o= %, ¢ )

ne = M ¢

fetermined
Q J’““”I,

Rinaudo, F. Photogrammetry course oor v o) B o Xy Yo Z)

Pol. University of Turin

Convert the point
cloud in geometric

|P H o T o G R A M M E T R YlBundIeadjustment
I
DIGITAL PHOTOGRAMMETRY: BUNDLE ADJUSTMENT

Using multiple convergent images (PHOTOMODELER)

Eror Ellipse

Error Ellipse

The degree of convergency of images is important to minimize the ellipse errors in the
epipolar geometry of each of the photographs and corresponding images

e Fixyourfocal length (nozooming)
[ ]

detailing
[ ]

Create a
photo-realistic
3D Model

PHOTOGRAMMETRY | the coliinearity equations

ie on a line in space.
space coordinate system.
nage
points.
/ e X e Y e (22, )]
o =X Yo 07, o m, (22, s
I N N N
B S P e N P

IPHOTOGRAMMETRY | sundee agjustment

‘Without PT every stereomodel needs at least 2 XY and 3

PT allows the simultaneously determination of the.

Bundle Block Adjustment (BBA)
Itis based on the collinearity equations and

The bundle block adjustment considers the single image as the Y Itis the only way ge in a unique sol
component of the block. tion images coming form different types of
The analytical model are the coflinearity equations. camera. BBA allow also the determination of
coordinates). # : -

Each nage and do not add

unknowns.

|PHOTOG RAM M ETRY|BundIeadju:!menl

————
DIGITAL PHOTOGRAMMETRY: BUNDLE ADJUSTMENT

Using multiple convergent images (PHOTOMODELER)

The photograph’s geometry is use to select homologous points in

the different convergent images. The software calculates the position by aims of the
epipolar geometry projected on the sensor: intercepting lines are projected. Multiple images
are used

Use a tripodto be able to use longershutter speed and get more exposure toimprove image

Take a convergent bundle of photographs covering the entire object torecord



e Checkthe photographsto seeif they are oblique and convergent
e Load photographsand start findinghomologuos points and markin at least 3 photos

PHOTOG R AMMETRY Reconstructing the scene
3D Reconstruction

Surface measurement

/ from wmages\ \ “L
=

Flat areas, simple Detailed areas
architectural features, etc

Manual /semi-automated Automated measurements
measurements (“image matching”)

“‘f m —

¥ — 1

' Ao
\ m———

/ o

e Structure from motion (SfM)is a range imagingtechnique;itreferstothe process of estimating
three-dimensional structures from two-dimensional image sequences which may be coupled
with local motionsignals. Itis studied in the fields of computer vision and visual perception. In
biological vision, SfMrefers to the phenomenon by which humans (and other living creatures)
can recover 3D structure from the projected 2D (retinal) motion field of amoving object or
scene

e Creationof 3D models from multiple images

o Basedon multiple (tangincial)images of ascene, the software performs:

o Automatic matching ofimages

o Automaticcomputation of cameracalibration

o Automaticdense matchingfordepth map generation 3D model

e Accuracy

o Resolution:the higherthe resolution of the images, the better chance of achieving high
accuracy because items can be more precisely located

o CameraCalibrationisthe process of determiningthe camera’sfocal length, formatsize,
principal point, and lens distortion. There are anumber of ways of obtaining this camera
information and usingacamera fully calibrated in PhotoModeler will give the best
results.

o AnglesBetween Photos: points and objects that appear only on photographs with very
low subtended angles (forexample a pointappearsin only two photographs that were
takenvery close to each other) have much loweraccuracy than objects on photos that
are closerto 90 degrees apart. Making sure the camera positions have good spread will
provide the bestresults.

o PhotoOrientation Quality: during processing, PhotoModeler computesthe location and
angle of the camera for each photo - thisis called Orientation. One factor that
contributes alotto the accuracy of projectsisan accurate orientation forevery camera
position. The orientation quality improves as the number of well -positioned points
increases and also as the points covera greater percentage of the photograph area.

o PhotoRedundancy:apoint’sor object’s position is usually more accurately computed
when itappears on many photographs - rather than the minimum two photographs.



o Targets:the accuracy of a 3D pointistiedto the precision of its locationsinthe images.
Thisimage positioning can be improved by using targets. PhotoModeler uses the image
data to sub-pixel mark the pointand thisincreases the precision of its place mentand
hence the overall accuracy of the point’s computed 3D location.

e Drone, kitesand balloons are ways to get aerial photos



