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Given the coordinates (x,y,z) of a satellite and those of a station (A, ¢), define the (x,y,z) coordinates of the
station and find the satellite’s azimuth and elevation, using the following formulas.

ik #
Zeath] K

a-cos@-cosi

4 < W
e ) —sin A cos A 0 [X-X) -
£ i i ; . s i a-CosS@-sin .2
’ﬁ\;““.: n|= -sinpcosi —smesind cose| ¥-T | {Y =+ where W =\/1-¢ -sin” ¢
e ,f—‘__ -l_;,‘ \u) | cospeosd  cospsind  sing | Z-Z, | A
S - Lsiad 7 uo(l —-e” )-sm(p
w
WGS84
Where
enu= local coordinates Parameter Notation Value
¢.% = station coordinates (geographic) somi-major s . 6378137.0m
X,Y,Z = satellites position (ECEF} flattening f 1/298.257223

Xi, Yi, Zi, = station position (ECEF) e2=1-bYa2=2f-p

. u e
azimuth = ath ———— elev = atn—

Vn? + e? n

EX.
Goal

Xsat = 15487292,829 m

Ysat = 6543538,932 m To define X, Y, Z station
Zsat = 20727274,429 m

Latitude (station) = 45° 3’ 48.114” To estimate AZ, EL of the
Longitude (station) = 7°39’ 40.605" SATELLITE

We have all the formulas needed to do the transformations, so we can follow the scheme:
Station: (A, @) =2 (Xi,Yi,Zi) in WGS84

Satellite: (X,Y,Z) in WGS84 + (Xi,Yi,Zi) in WGS84 - (e,n,u) in local coord. = (azimuth,elevation)
| implemented this calculus using Matlab Software.

Matlab code

clear all; close all; clc;

%satellite coordinates in WGS84
x_sat=15487292.829; %[m]
y_sat= 6543538.932; %[m]
z_sat=20727274.429; %[m]

%station latitude

fi_grade = 45; %|[°]
fi_primes = 3; %[']
fi_seconds =48.114;  %["]

%station longitude

lambda_grade = 7; %[°]
lambda_primes = 39; %[']
lambda_seconds =40.605; %["]

%transformation from grades to radians
fi_deg=fi_grade + fi_primes/60 + fi_seconds/3600; %[°]

19
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Given the coordinates (x,y,z) of a satellite and those of a station (A ,¢), calculate the dilution of precision
DoP using the following formulas.

P =X ()= X, P +(Y/() =YY +(Z/(t)-Z,)

D1 — Xsat — Xrec D2 — Ysat — Yrec_- D3 = @ D4 =-1
P P
D1s1 D2s1 D3s1 -1
D=_ D1s2 D2s2 D3s2 -1- Geographic coordinates
of the station
D1sn D2sn D3sn -1 ‘

—sin A cos A 0 ]

Quxx = (DTD]—l Q'LLU — RQXXRT R={—smg}cosﬁ. —singsind cosg

cos@cosd  cos@sind  sing

Coordinate of the station p=45°3'48", 1=7°3941", h=0m

f 2
XDOP-
2
YDOP-
= ; i
, _ Quu yDOP*
Satellite coordinates 5
TDOP" |
sat X Y z
1 22504974,806 13900127,123 -2557240,727
2 -3760396,280 -17947593 853 19494169,070
4 9355256,428 -12616043,006 21189549,365 " > = 5
7 23959436,524 5078878,903 -10562274,680 HDOP = XDOP* + YDOP*
10 10228692,060 -19322124 315 14550804,347
13 23867142 480 -38928438,382 10941892,224
17 21493427,163 -15051899,636 3348924,156 _ 2 7 nl , Tr 2
20 14198354,868 13792955,212 17579451,054 PI)OP = J‘\T)OP + ‘}DO‘P g TDOP
23 18493109,722 4172695,812 18776775,463
3 -8106932,299 12484531,565 22195338,169
- - 2 2 - 2 )
32 B363810,808 21755378568 13378858106 GDOP :\f_kDOP‘ +YDOP® + VDOP” + TDOP*

Due to the relative geometry of any given satellite to a receiver, the precision in the pseudorange of the
satellite translates to a corresponding component in each of the four dimensions of position measured by
the receiver (i.e. x,y,z and t). The precision of multiple satellites in view of a receiver combine according to
the relative position of the satellites to determine the level of precision in each dimension of the receiver
measurement. When visible navigation satellites are close together in the sky, the geometry is said to be
weak and the DOP value is high; when far apart, the geometry is strong and the DOP value is low. If they
overlap at right angles, the greatest extent of the overlap is much smaller than if they overlap in near
parallel. Thus a low DOP value represents a better positional precision due to the wider angular separation
between the satellites used to calculate a unit's position. Other factors that can increase the effective DOP
are obstructions such as nearby mountains or buildings.

DOP can be expressed as a number of separate measurements:

e HDOP — horizontal dilution of precision
e VDOP — vertical dilution of precision
e PDOP - position (3D) dilution of precision

e TDOP —time dilution of precision

These values follow mathematically from the positions of the usable satellites. Signal receivers allow the
display of these positions (skyplot) as well as the DOP values.

by Loredana Mihaela Chiforeanu 2
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-8106932.299 12484531.565 22195338.169
8363810.808 21755378.568 13378858.106];

$cycle for computing pseudorange
for i=1:11
for j=1:3
Rho (i,J)=(sat(i,3)-s(3))"2;
end
end
rho=zeros (11,1);
for h=1:11
rho (h)=sqgrt (sum(Rho(h,:)));
end
scycle for finding D matrix [4x4]
G=zeros (11, 3);
O=-1*ones (11,1);

for k=1:11
for 1=1:3
G(k,1)=(sat(k,1)-s(1))/rho(1l);
end

end

D=[G,0];

$find Qxx, but use G (3x3)
Oxx=1inv (G'*G) ;

R=[-sin(lambda_ rad) cos (lambda rad) 0
-sin(fi rad) *cos (lambda rad) -sin(fi rad)*sin(lambda rad) cos(fi rad);
cos (fi rad) *cos (lambda rad) cos (fi rad) *sin(lambda rad) sin(fi rad)];
Quu=R*Qxx*R"';
d=diag (Quu)

HDOP=sqrt (d(1)+d(2));

PDOP=sqgrt (d(1)+d(2)+d(3));

GDOP=PDOP;

fprintf ('HDOP = %.3f;\nPDOP = %.3f;\nGDOP = %.3f.',HDOP, PDOP, GDOP)

Results

D=[ 0.7677 0.5269 -0.3227 -1.0000
-0.3505 -0.7350 0.6866 -1.0000 Qxx=[ 0.2837 -0.0050 0.0242

0.2079 -0.5237 0.7642 -1.0000 -0.0050 0.3010 0.0380
0.8296 0.1774 -0.6891 -1.0000 0.0242 0.0380 0.2891]
0.2451 -0.7895 0.4604 -1.0000 HDOP =0.748;
0.8257 -0.1781 0.2952 -1.0000 PDOP =0.935;
0.7246 -0.6203 -0.0523 -1.0000 Quu=[0.3020 0.0261 0.0226 GDOP =0.935.
0.4141 0.5227 0.5990 -1.0000 0.0261 0.2568 0.0031
0.5969 0.1415 0.6538 -1.0000 0.0226 0.0031 0.3150]

-0.5355 0.4709 0.8103 -1.0000
0.1657 0.8382 0.4067 -1.0000 ]

The X,Y,Z coordinates in WGS84 [m] of the station are: s = 1.0e+06 *[ 4.4723, 0.6016, 4.4923].
It seems that the obtained values of DoPs are ideal because they are smaller than 1.

The GDOP is equal to the PDOP due to computational reasons: the rotation matrix R is (3x3), so we consider
the position matrix G (3x3) to find Qxx and then Quu. For this reason we don’t have the TDOP.
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Now we want to represent these data using the LGEO Software, which means to import the data collected,
analyze their quality (standard deviation), make adjustments and export the processed results in different
formats like CVS and shape files.

Let’s start by analyzing briefly the steps of data importation because it’s also here when we define some
important parameters characterizing our survey.

First we create a new coordinate system: describing if geographic, cartographic or other coordinates are
used. Then create a new projection to pass from ellipsoid to planar: Italy:32 UTM, north emisphere.

Now it’s time to import Smart Worx raw data from folders Team1 and Team2 (Garmin).

The RTCM point is the position of the master station (or eventually of the virtual station) which broadcasts
the differential corrections; there can be only 1 virtual station or more, if our area is very huge:

s Point Id Point Class Date/Time Easting Morthing  Ellip. Hgt.  Ortho.Hgt.  Geeid Sep.  Posn. + Hgt. Qlty

[¥] RTCM-Ref 0000 Reference  03/19/2018 16:11:23 3946045679 43908611380 3107386 - - 0.0000
[¥] 001 Measured  03/20/2018 10:36:31 3948353208 4990737.2894 2942874 - - 0.0392

To analyze the quality (standard deviation) one can look at the last column: it’s the horizontal and vertical
quality. If we pass to local coordinates, we can appreciate more the quality of the measurements.

Window  Help
ol | A A | | S Fe s | N2 D e R | - 08
Dates/Tirne Easting Merthing Ellip. Hagt. Crtha. Hae Gesid Sep. Peozn. + Hoge Oty »
031920015 18:11:23  I04E045679  4TO0SA11300  310.T38E - - 00000
03/20/2018 10363 3046353208 ooz
D2A20/2018 10:37:13 304E35.2040 - - Dane
DI/Z0/201E 10:58:A6  SMEIGIIG] 45907407270 2541495 - - palaz
D3/20/2018 10:3%:15 354E56.5659 4590740 6500 254.1531 - - DO355
03/20/2018 10:41:18  IMETF.E14T 40907263533 205.4365 - - 2380
03/20/2018 10:43:53  JMEE7.7313 48907241544 2938975 - - D113y
03/20/2018 10:46:26  JS4ESB.E079 45905831671  290.6185 - - PEEE
3D4TEISIZ0 4060743 D540 - -
IUTE2LA00  ATOOTAL HTIO
¥ 604 Cantral A54759.5050
= sa5 Cantral 2047625190
21 606 Caniral 2047635450
= o7 Control 354 760.5170
| 608 03/20/2018 110533 394760,1860
1 oos 03/20/2018 11.05:33  IS47601860 4990744 9530
1 610 03/20/2018 11:05:33 3947609170 49907456840
) 611 03202015 L105:33 3547637230 45807431250
#1612 03202015 110533 IN4TEILN0  L0A0T4I L350
c 03/20/2015 110533 3047618350 - -
o001 03/20/201812.05:08 3846123430 2844510 - - na303
7 oooz D2/20/2012 1206:50 204E22.2000 2041456 - - Da428
a0z 03/20/2018 1208:00  304641,1809 204.2220 - - 00968
£ ooos D3/20/2015 120924 SM4ESEOII0  4TI0TAIIT04 2950776 - - DaLzs
Q005 03/20/2018 1210:26  IME9IDOLS 45907474023 203.6797 - - Do133
amoe 032002018 1211016 394957103 49907526089 2937479 - - 1456
0007 03/20/2015 121248 354900224 45S0725.0814  265.7422 - - Daz2e
0003 3CMESEATSS 45907305316 203.684d - - Dasss
0009 ACLERR.SA0E 4090733 3243 203.7098 - - 1.0056
7 om0 Ac4ESS.1151 293 8907 - - Dmas
7 ooy D3/20/2018 1216:00 AS4ESL. 4568 2540114 - - Dgo1se
T oma2 D2/20/2012 1276:26  J0LEE0. 1206 204 0220 - - 001732
e 03/20/2018 1247:01  304B45.4361 207.6523 - - 21068
£ oons D3/20/2018 120757 IMEIZTEES 4 7339 zmes00s - - nazz1
 oms 03/20/2018 121831 3IS4EI1LZ253  45G07IISIET 2044538 - - nao1sz
oa1s 03/20/2015 12:16:53  3S4EIDESAE 45907324100 2544579 - - Daz23
oa17 1220:52 3S4E20.0010 4SS0734447L 2541756 - - vazzz
0018 03/20/2018 12:21,50 3IS4E2D.7TE6 45907354589 256.4763 - - 06372
Managemart
ook e View Bt | T GPS-Proc & TPS-Proc B Leve-Proc | o0 fdustment | G Potrts] 2 Aeones | JEL Fesubs | 85 Codelst | C5B Images|

Raady

For some points the quality is about 30-40cm, which means the connection with master station has been
lost: we can decide if to accept them or to cancel them from the list.

The points marked as subclass code only have been estimated without phase ambiguity.

When all the setting has been made, the software displays the baselines between our collected points and
RTCM station.
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We have to check in the properties of the points also the antenna’s height from the ground, which was 2m.
If it's wrong, this is usually one of the main errors of data processing because there is no a strategy to

remove it (verify the antenna’s height always in the field).

Interval Properties (Track) [7)[=]
Anterna | Annetation
Foirt id Interval Start Interval End Durstion Type
001 03/20/2012 103631 03/20/20181037.06 ChOD'35F  Siatic -
Antenna Type AX1203 o) [Cvew. ]
Horzontal. Offset 0.0000 m
Horizontal Offset .
Vetical Offset: 2.0000 Phase Gentre i s H
fertical Offse m \\..-_. i g
Height Reading 20000 m 3 3
Measurement Type _ s
Total vertical Height: 20000 m ;; g
E H
[ Change arteria height for all non-instantaneous -
points in track

This last points are imposed as “navigated” because are the points estimated by us, instead the can be
defined as “estimated” if are estimated by the computer.

We can change also the GPS parameters:

Configure GPS-processing Parameters 7= Configure GPS-processing Parameters g ll=]
General | Sirategy | Exended Output | Auto. Processing| | General | Strtegy | Extended Output | Auto. Processing|
e setees —
Cutoff angle: 15 Fix ambiguities up to: 80 2 km
Ephemers [Broadeast - Min. duration for float solution (static): 300 <] sec
Solution type: [Automatic - Sampling rate:
GNSS type [Automatic - Tropaspheric model:
lenospheric mode!
Use stochastic madeling Min. distance: 8 S km
lonaspheric activity:
Show advanced parameters

To estimate the 2 baselines we have to set the reference station (where the baseline starts — red line) and
the rovers (where baseline ends - green lines).

B, LEICA Geo Office - Project Static]

=@ R
& Fie Impor View Tools 6 i
D& |SR|=E%R_ANT ¢y E Y| SAAARHB[|BHE|N uE|
Open Documents Faint..  Point .. Start End Durt.. G 1020 1100 13 12400 123
@ TORL  Control 0320/201809:3542 (3202018125841 2h5%.. GPS : ‘ I ‘ ‘

]
S

Verify also if ambiguity is fixed or not, then store the points.

The baselines are created but as we can see the one between Tori and us is more precise because it’s

closer, instead the virtual station created by the permanent station is too far, so the estimation of the
position is less precise. The accuracy is sub-centrimetrical.

Point 1001 is not present because the phase ambiguity has not been estimated.

by Loredana Mihaela Chiforeanu
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LAB 3 - Photogrammetric stereoplotting

We want to create a 3D model of an area and there are many ways to do so. Here we use the Stereocad
software, that generates an anaglyph: it’s the name given to the stereoscopic 3D effect achieved by means
of encoding each eye's image using filters of different (usually chromatically opposite) colors, typically red
and cyan. Anaglyph 3D images contain two differently filtered colored images, one for each eye. When
viewed through the "color-coded" anaglyph glasses, each of the two images reaches the eye it's intended
for, revealing an integrated stereoscopic image.

In this laboratory we used also traditional stereoplot instruments to view a 3D model of some areas
represented in two aerial photograms, but this operation was very difficult with respect to the use of the
software.

In a new project, initially, we have to set at first the camera calibration by determing the internal
orientation parameters: position of the principal point with respect to the fiducial center and distance c,
which are contained in the Zeiss DMC file; the distortion coefficients are null:

Camera Passport =]
General Data Distortions
Camera Name: | ZEISS i
Unit: |mm =z [ Grid Calibration RS 2,
Camera 5/N:
Radial 5 tri
Lens S/N: ,7 adial Symmetric
Formula: = - » »
Calibration Date: | 24/04/2018 ¥ Jor =K1 73 +12% 75 +k37°7 =l
Coeffidents R/dR table
Image properties
Width (pix): [ 7680 Ko: K] L éR am) |
Height {pix): | 13524
Ki: |0
Pixel Size (mm): |0.012
Focal Length (mm): | 120 Kz: |0
Principal Point Kk [0
Unit; R (mm}: dR {um}:
’—_|. | .
s = x: [3840 RO: o ; -
Origin: ¥ '76912
top left -
Tangential
P1: |0 P2: |0
o oK 0 cancel

The external orientation parameters are instead contained in a text file, sorted according to the following
format: frame number, X, Y, Z translations, strip number, rotations w, ¢ and k. They must be correctly
selected among the columns and named in the software (pay attention of the type of column separator).

j eo_definitivos_es_3_foto - Blocco note - O =
File Modifica Formato Visualizza ?

|ﬂ-89911766 393752.282933375 4991684.36858983 3791.57855014482 40001 1.54438237446965 -0.432314646598619 -9.48978552198933E-02
400011767 394773.153219129 4991668.18973198 3887.33356203982 40001 ©0.6313644088118279 -0.815004027149546 -1.08934014725838
400011768 395795.868845092 4991669.20223214 3812.95557569254 40001 1.89451594194153 -0.639667968921246 @.563958880902708

Import Orientations =]
Parsed Data
Comments: [ %@+ Separators: [, ;
Click. Click. [ di [ dik Click.. Click. [ Cik. [ dik
400011766 393752.28 4991684.3...  3791.5785 40001 1.5443823 -0.4323146. -9.4097855.
400011767 394773.15... 4991668.l.. 3807.3335... 40001 0.6313644... -0.8150940... -1.089340L..
400011768 385795.06. 4391668.2... 3812.9555 40001 1.0945158. -0.6396679. 0.5639580.
Imported
o) X Y z Omega Phi Kappa
400011766 393752.2829... 4991684.368... 3791.578550... 1.544382374.. -0.43231464.. -9.40978552..
400011767 394773.1532. 4991668. 189. 3807.333562... 0.631364408. -0.81509402. -1.08934014.
400011768 395795.0688... 4991669.202... 3812.955575... 1.094515941.. -0.63966796... 0.563358080...
Select Al Unselect All Anges Reset i ts
elect inselec D mee mice eset Assignment
& )  concel

Knowing these parameters, we import the image.
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LAB 4 - Post-processing of the data acquired in the field

Team 5 A-L-G-J-SP T5(S-5)
Instrument height 1.550m

On 08/05/2018 we did a field acquisition of points of the facade of the Politecnico’s canteen.

0
o

i m

o S T A i 'ﬁ'l‘lb‘iq"‘l' *
~ »hXIA ‘; -'A—”‘ e = .

We used a Total Station to acquire the coordinates (with respect to our relative position) of 3 points having
a prism reflector called 101,102,103. Then, changing the settings of acquisition type to NP (non prism), we
acquired natural points belonging to the facade. There were some points marked by us with a paper and

other corner points belonging to the facade’s elements.

This procedure has been made by other teams for many other points.

Since the prism points 101,102,103 are used to merge all the results from the other teams, we measured
them by using the CS (straight) and CD (upside down) sides of the station in order to cancel the systematic
errors of collimation, inclination and glass eccentricity.

The natural points have been acquired only with CS to be quick and they may be affected of errors due to
laser divergence, not good pointing,....

Far more we used also a drone and an automatic laser to scan the facade and to take pictures.

The drone needs an operator that decides its altitude, camera inclination and snapping position, while the
automatic laser station must be placed in such a way to overlap views from both sides of the building.

Now, the point clouds from all the instruments and teams must be put together, filtered, selected and a
final 3D model should be created.

To start let’s first open LGeo Software; check that there is the reference system WGS84 32 Nord; create a
New Project; import from GNSS_data all the files: select only the one named, because the others are
affected by errors due to the duration of some seconds or minutes of the satellite visibility.

We add the coordinates of master station TORI, whose file are in RINEX format:
e 18g: GLONASS navigation file
e 18n: GPS navigation file
e 180: observation file

As before we declare that TORI is a master station and set the height of the instrument (for all 3 points,
otherwise we lose 36 cm of the vertical offset.
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H_target  Azimuth Zenith
Point Prism H Horizontal Vertical Distance Average Error Bessel AZ Bessel ZEN
ID (m) angle (gon) angle (gon) (m) distance (m) distance (gon) (gon)

(m)

103-CS 1,475 371,1644 99,9342 37,368 37,3675 0,001 371,1625 99,9482
103-CD 1,475 171,1606 300,0378 37,367
102-CS 1,640 140,3070 100,2712 20,156 20,156 0 140,3027 100,2754
103-CD 1,640 340,2984 299,7204 20,156
101-CS 1,375 128,9996 100,2462 67,163 67,164 0,002 128,997 100,2469
101-CD 1,375 328,9944 299,7524 67,165

Following are reported the coordinates of the points acquired with a total station. Points 6,7,8,9 are
markers put on the surface and points P1-P14 are natural points belonging to the surface.

Point ID Azimuth Zenith Distance h_station / h_target

103 371,1625 99,9382 37,368 0 / 1,475

102 140,3027 100,2754 20,156 0 / 1,640

101 128,9970 100,2469 67,164 0 / 1,375

10 67,1474 99,9128 12,489 0 / 0
54,8402 97,9834 13,289 0 / O
34,1578 100,3582 15,286 0 / 0
26,7492 105,2010 16,547 0 / 0

6 16,8292 99,3964 19,650 0 / 0

P1 48,6066 84,2226 13,907 0 / O

P2 22,1924 83,5972 18,229 0 / 0

P3 30,0328 101,5778 15,862 0 / O

P4 65,0674 77,6018 13,424 0 / 0

P5 33,4362 68,5922 17,313 0 / O

P6 47,1228 61,8728 16,444 0 / 0

P7 33,4590 65,1794 17,844 0 / O

P8 64,8582 69,4708 14,237 0 / 0

P9 22,2706 105,7858 17,634 0 / O

P10 64,7276 108,1032 12,621 0 / 0

P11 23,8998 87,8038 17,460 0 / O

P12 61,7146 83,5920 13,195 0 / 0

P13 61,4896 101,9910 12,770 0 / O

P14 24,0426 101,4310 17,120 0 / 0

Following there is a sketch of the fagade with the location of our points and the sheet that we used
together with the total station to record their values‘
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The software shows a statistical summary where we can see that the error factors are huge.

d MicroSu
Fie g8t op
BREGER BA0. F 2.0 0 8
Network_55.d.

PRO - Netwark S5

Input Run Output Tools View Window ~Help

B,

‘23 etk _S5
v [B] Metwork_S5dst

r Bound
)

HAI91027T B IMBM05  With: 24438 Meters

3 output
HUM 55

Ready
ez

This is due to control point 101, having not fixed phase ambiguity because it didn’t connect with the
satellite for enough time.

If 101 is not counted in the analysis, the errors are smaller:

& MicroSurvey STAR'N
File €6t Opt

RO - Network S5

Input Run Output Tools View Window Help

BNEER 880

2,

No49910367  E:30MB46  Wioth: 9235 Meters

M
s

But even in this case the total error factor doesn’t stay in the boundaries of the Least Square Method test
due to big outliers in the Zenith values (listed by the software with an asterix), so if we don’t include one of
them in the calculations we will pass the test at level of significance 5%.

by Loredana Mihaela Chiforeanu 35

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 37 di 128



© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 39 di 128

LAB 5 - Creation of 3D Models

In this laboratory we will see two different ways to create the 3D model of the facade where we did the
survey. On one hand we use the scans collected by the laser, on the other hand we use the photos
collected using a drone.

In the SCENE software we have to import all the scans, impose the planar view and find the checkerboard
points: we eliminate the wrong ones and add the unfounded ones, then we change their names as they
were called in the field, as we have done in the previous laboratory.

Using Excel we transform the .txt file containing the coordinates of all points (prisms, markers, natural) into
a .csv (Comma-separated values) file, correcting the default syntax, in order to have the correct format for
understandable by the software.

After importing it, we do the registration based on targets, (markers 1,2,3 are not more available).

In “tensioni dei target” we can see the errors in the measurements of the distance: markers 6,7,8,9,10 are
the ones with the best precision and accuracy.

#Scans/ScanManager )

Gesting scansini | Risultali scansione | Tensers ce target
Gererchie cmpists |
Rfermerto Errore det [mm] Er... Scansone 1 Stanskng 2
“ 18 781 —  DAM016.1 Scen 044 References
= 14 7.63 -
HIRE: 7.61
a7 .53
=1 7.50
@7 T
=10
w17
° 10
e 12 3.90

48 im o

Statistiche area angolare | detanza |

Meda 9.13 mm] B 0000 r @ Deviszons: T0z [ren] 0.000 1 |
Mn: 0.43 ] 0.000 i} M 2.5 ] 0,000 I1
| [ pekva | [ apiks | [ e | aeeata |

It is possible to see on the point clouds, all the points recorded in the survey by all the teams.
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Since we have a normal laptop and the computational load will be too much we select “Low accuracy”. But
if the similarity is too much maybe the software is not able to detect the single feature.

Photos
@OX |2 BE B -

DSC01277 DSC01278 DSC01279 DSC01280 DSCo1281 DSC01282 DSC01283

i
nasalas e al 44

Images and markers must be in the same chunk, or we can create different chunks for each facade and

merge them at the end.

We must identify the markers and the natural points by importing the .csv file (created before) containing
the coordinates: select coordinates system WGS84/UTM zone 32N, with rotation angles yaw, pitch, roll,
separated by comma, which is the “adaptive camera model fitting” so it estimates the internal orientation

of the camera.

Photos Console

Coordinate System

WGS 84 / UTM zone 32N (EPSG::32632)

Rotation angles: Yaw, Pitch, Roll
Tgnore labels Threshold (m) 01

Delimiter Columns
Tab Label: [1 %] ] Accuracy ¥| Rotation | | Accuracy
——— Easting: 2 Yaw: |5 Bl

¢ Comma 7

Northing: |3 © Pitch: |6 Elle

Space e
s Altitude: 4% Roll: [7 2
Combine consecutive delimiters Enabled flag: |10

Start import at row: 1 o Items: Al

Label Easting Nerthing Altitude Yaw o
101 394493239 4991116028 29819177
n2 304505 742 A4QQ1N7N 258 2QR NART 4

< >

oK Cancel

We identify the markers and the natural points. In the first image we impose the marker’s names: the
software will recognize them also in the other images. After that we must “Update” so the natural points
do a re-calculation and re-position. Also for better accuracy and lowering the produced errors we need to
check the markers being in the place with respect to images and we update points over again.

Now we can check errors: the total error is acceptable because it has the same order of the accuracy of the
permanent station.

_Total Error
i Control points 0.020835 0.012103 0.005189

Check points

Our total error is about 2 cm which is less than the margin of 10 cm, so our work is acceptable.

Now for camera calibration it is known that the software is able to estimate the internal calibration
parameters and calibrate itself. To do this we must first “Optimize Camera” and then when we check the
adjustment tab of camera calibration we can see that the calibrated parameters are already applied.
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Texture:

Mesh generation:

Depending on the goal of the project it is possible to set the surface type (2,5D or 3D), the input data
(preferably the dense point cloud) and the accuracy of the resulting surface (defined in number of faces).

File Edit View Workflow Model Photo Ortho Tools Help
2EHIC RE-A-7Z RN 090 &2 4+ @EDN
Workspace #x  Model Ortho @
JBRh OO X
1% Workspace (2 chunks, 12 cameras)
~ | Chunk 1 (12 cameras, 92 markers, 3,754 points) [R]
v [ Cameras (12/12 aligned)
& DSC01280
& pscot281
1% psco1282
I psco1283
1% psco1284
1% psco1285
4 DSC01286
& psco1287
1 psco1288
= Dsco1289
= DSC01290
1% psco1291
> [ Markers (92)

1025] .
i1 Tie Points (3,754 points) s !

11| Dense Cloud (3,684,818 points, Medium quality)
4 3 Model (245,653 faces)

% DEM (1325x1685, 10 cm/pix)
" Chunk 2 (0 cameras)

Property Value
DEM
size 1,325 x 1,685
Coordinate system WGS 84 (EPSG:4978)
Reconstruction parameters
Source data Mesh
Interpolation Enabled b
Processing time 1 seconds
250 k! Y
175 m =
Photos. L
oex RDsE=-
=
Label Size Aligned Quality Date & time Make Model Focal length F-stop 150
S/Dsco1284  7952x5304 v 2017:03:22 212... SONY ILCE-7RM3 24 /8 100
%/ DSC01285 7952x5304 4 2017:03:22 212... SONY ILCE-7TRM3 24 F/8 100
S/Dsco1286  7952x5304 v 20170322 21:2.. SONY ILCE-TRM3 24 /8 100
< >
Workspace | Reference Photos  Console | Jobs
WGS 84 (EPSG:4978) -76273.663494 X 6362407.476297 Y 250006.766 m

Now that the DTM is created, as mentioned before, it is important to delete the part which is not in our
area of interest because their presence will create distractions for the user.
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LAB 6 - ArcGIS

The first part of our laboratory is about the learning of the basic techniques that allow us to transform a
traditional orthophoto into a digital one using the GIS softwares. Then we will see how to extract the
needed information from a database in order to use them to create the model that we need.

Finally we will learn the importance of the output of our work, that will be received by other people who
can use it for engeneerical applications.

In a traditional map points don’t have any info because there is no database, but nowadays it's common
practice to work with databases thanks to the use of the computers.

In this exercise we learn how to georeferenced a traditional map.

After opening ArcMap software, we need to add the map of Caselle (in .TIFF format) and select the
coordinate system: WGS 1984 UTM zone 32N.

Usually as a first operation, the data of interest are loaded, they can be the raster data (the
orthophotographic paper) and the vector data (numerical cartography in DWG format). The data can be
loaded using the so-called Drag & Drop, that is, clicking on the file of interest and dragging it into the area
to the left of the interface, called Layers. So the image, is loaded, (it's a file in TIFF format). It is
accompanied by a TFW file, which is a text file containing 6 numbers, corresponding to transformation
coefficients to move from pixel coordinates to cartographic coordinates. The software allows us to load
only the image file, as it is unable to read the contents of the TFW file already from its name.

The software asked us if we want to create the pyramids of the image:

ey

The map has its grid around which the real coordinates are written, so to report them in the software we
need to select several points and input their x and y (x=East, y=North), it is good to have about 4 points
located in the four corners of the image so we update the georeferencing. We can see the list of the
created points with their coordinates and at the same time evaluate residuals for the different kind of
transformations (the unit is [m]):

F Link ox
B = el Total RMS Error: Forward:0
Link X Source ¥ Source X Map ¥ Map Residual_x Residual_y Residual
1 2,583929 26,036474  389000,000000 5006000,000000 0 o 0
2 26,192235 ©,337950  395000,000000 5001000,000000 ) Q 0
3 26,189713 26,053463  395000,000000  5005000,000000 a Q 0
4 2,610303 ©,326724  383000,000000 5001000,000000 a 1] 0
Auto Adjust Transformation: IPrn]emva Transformation -

Degrees Minutes Seconds Forward Residual Unit : Unknown
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If we verify the residuals we can see that some points/lines/polygons have a good overlapping while others
are shifted.

EX 2.
In order to create new smaller databases, i.e. extract only certain characteristics from a big database, we
can make a selection by:
e Attributes: realize a query considering the attributes of the single feature
e Location: realize a query considering the position of the single feature
(Vector data: info is distributed in points, polygons and lines).
We have to input the .dwg files of Torino area and choose coordinates, project, national, Italy: Roma
Monte Mario Italy 1. The goal is to create DTM of the city.
Now we can create the selection by attributes: the selected points are shown as cyan (color) points.

- . ¥ = )

Q i v b

lable (X Contents

= &= lLayers
= eaves
*
= groeund_peoints
&
= buildings
O

e m PRI I
We have selected 5782 ground points, that can be exported as a shape file.

| an |l rnermkinon el Ci7 C

(5782 out of 31235 Selected)

Then we add these three new shape files as layers.
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We can impose also that the ground points are classified with respect to their elevation (for a faster reading
of the map):

=] natneigh

[ . <VALUE=
=] groundpoints W 4529420471 - 487 94163
Elevation I 487,9416301 - 492,941213
& 482920000 - 493 690000 B 492,941 2131 - 4979407959
o 43353001 - 097100 m s oo
@ 493,710001 - 505,220000 [ 507,9399619 - 512,9395447
¢ 505,220001 - 510,000000 [ 512,9395448 - 517,9391276
& 510,000001 - 514 880000 [ 517,9391277 - 522,9387105
o 514830001 - 520,160000 [1522,9387106 - 527 9382935
) []527,0382036 - 532,9378764
@ 320,160001 - 527,380000 [ 532,9378765 - 537,9374533
@ 527380001 - 535160000 [ 537,9374594 - 542,9370422
& 535160001 - 543 940000 [ 542,0370423 - 547,9366252

[ 547,9366253 - 552,9362081
[l 5529362082 - 557,935791

& 543940001 - 558,060000
= M buildinas

Now we want to join info from the database with the building shapes and the eave points. But we don’t
want the points that don’t belong to buildings:

After applying the command, we obtain a new database having these attributes:

Enm Management [ L e T, YUV SO S .=
3 P bl o x
bR
ore - B- R

#. Join_building b

-

Sl | J LineWt | RefName | FID 2 | eaves FID eaves Enti eaves r | eaves Color eaves Linetype Elevatio 1 eaves LineWt | eaves RefN »
X\ 513,97 25 4 0|Insert S5_08 07 4|CONTINUDOUS 817,78 2545 T
& 51422 25 5 0|Insert 5_08 07 4| CONTINUOUS 517,45 25 (45
- 51574 25 8 0|Insert 5_08 07 4| CONTINUOQUS 519,49 25[45
x\ 1317 25 15 0|Insert 5_08 07 4|CONTINUQUS 518,32 25 (45

Yy 51622 25 24 0|Insert 5_08 07 4| CONTINUOUS 52393 25 (45

b Ra 516,55 25 25 0linsert S 08 07 4|CONTINUDOUS 52593 25145

Now we have two elevations from which we get the buildings’ height as : Elevl - Elev =building’s height.

So we create a new attribute table called height, calculate this difference with the field calculator and so
get automatically the needed values.

lame | Angle | Distance hejght,

>

381| [
324| —
375
5,15
77

‘Calculate geometry’ command is used to calculate areas, perimeters, volumes, coordinates of centroids,...,
let’s calculate the buildings’ area [m?] and perimeter [m] and volume [m?] (as area*height) and add them to
the attribute table:

= ath | Shape Area | hei

i | area | volume
Distance. height - her Ba43%8 -
0 281 85,4336 @ 4085 53,3502 75| 63,359 32914,470
o 324 76,6367 m 7213 215,7899 1
664 227,0886 7
0 375 i1l 5403 196.2865 035 | 196.26|103222.44

Now we can extract buildings with characterized only by certain values of area, or volume, by doing a
selection of attributes (as before).

We save and export our project (export data) as a shape file.
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Part 2

The goal of this exercise is to learn how to create new entities, such as buildings, roads, etc..., starting from
an orthophoto. We will see that it is possible to use also opendata sources.
We can also extract different kinds of maps, such as aspect maps, slope maps, contour maps.

EX 1.
After importing the given orthophoto in ArcMap, we have the following window. We have to set also the
project’s coordinate system WGS84-32N and set the units to meters.

- e ——

Qe dndlp NG T
e (e Vew bochwwt: lvet lduber Cucpocass
128 Bx O A uw

RABO uRies @

s

IS SPATES s

We want to create a database about buildings having as geometry the polygons (ex. The correspondence
object-geometry usually is: roads-lines, trees-points). For this reason we create a new feature class: in the
settings we add also the Z component so we’ll be able to make a 3D model.

We must define the list of attributes so we can add the properties; this list can be managed also later but
the geometry will be fixed as polygons. Then if we open the attributes table it’s empty because we have to
fill it; we can add or remove fields.

We have to select start editing in order to change the database (be careful to avoid mistakes from now).

In construction tools we select polygons and try to create by drawing the shape of the buildings. The
created objects are put in the attributes tables where we can add info. If we repeat the procedure to create
the layers of trees and roads, we get:

Wy
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Far more we can use an GIS Server (in add data) to import data from a web service. But this needs a
very good internet connection because everytime we change visualization, the software downloads
data from the server that must be stable.

S : A G
Add Data L]
sealE-aece

¥ Add ArcGIS Server
1 Add ArcIMS Server
| Add WCS Server ke
|| Add WIMS Server =
£ Add WMTS Server

| Base Cartografica di Riferimento Annuale 2016 raster b_n1_10.000 - Servizio WMS on ge

- |
Name: Base Cartografica di Riferimento Annuale 2016 rasterb_n ©

Show of type: | Datasets, Layers and Results v [ cancal |

Now let’s create a new project, from which we will get different kind of maps: aspect, contour, slope.
So we import the DTM and DSM from GIS folder (maintain only dtm) and impose the coordinates system.

[T ; — —————
flo A Ve ockurle timt Subcion papocimbiy - Cuateck
DE@8 4 B x 2o &
®EFQ L]

LE A

-6 8 L
o
Wy o

FYor ]
o s

Low: 317381

[ e vitin )
raban
High 24

ow: TR

ke
gy 20

Low M0657

Using the tools we can create the contour map with an interval of 5- 10m. Z factor amplifies elevation. But

10m is too much so let’s use 2m to have more contour lines. We can display the values of the lines from
the labels property.

Valse
High 33058

B e 15510 e
-
Hah: L3

Low: 280

Far more we can generate a map where each single pixel represents the slope of the terrain = slope map.
In symbology property we can change again colors for a faster understanding
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EX 5.
Also the printing of our file is an important operation. First we have to create a lawet for printing.
There are 3 fundamental elements that must be contained in a printed map:

e Legend (meaning)

¢ North direction (geographical info)

e Scale bar (geometrical info)

We usually use a nominal scale.

Then we can insert the legend with the meaning of the colors and include the icons of the north direction
and also the scale bar (very important).

Finally we save the file by export the map, as a pdf file/jpeg.

Aspect map
i, o 1;15’; . £

Legend 0 45 890 1.780 2670

— — m \eters

Contour lines

[ Fiat 1)

I ot (0-22.5)

Northeast (22.5-67.5) N
[ ] East(e7.5-112.5)

[ southeast (112.5-157.5)

| south (157.5-202.5) w E
I southwest (202.5-247.5)

I vest (247.52925)

I Northwest (292.5-337.5) s
I orth (337.5-360)
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ATTACHMENTS: exercises STEP by STEP

Lab 2 - GNSS data processing

Let’s start by analyzing briefly the steps of data importation because it’s also here when we define some
important parameters characterizing our survey.

First we have to create a new coordinate system (not reference system): describing if geographic,
cartographic,... coordinates are used: open Coordinate System tab:

0 ice - [Coordinate System Management]

& | EICA Geo Office - [Coordinate System Manag 1 =

@ File Import Edit View Tools Export Window Help

D@ ShBRleaaang B | - @ H
G YEF AR ARPGLE|F|ELH|W
Contents Name Lest Meodified Transformati..  Transformatio...  Residuals

2] Coordinate Syst|| € None 04/11/2017 15:04:02
(3 Transformation|| € WGS1384 04/11/2017 15:04:02
(1] Ellipsoids Autmwgssd 0471172017 16:16:08
(3 Projections utmwgs 04/11/2017 16:15:45
{17 State Plane Zon
] Geaids

1] CSCS Models

® Crl® G

2

Tools B ] | i v

Ready NUM

In folder Projections, create a new projection (to pass from ellipsoid to planar): Italy:32 UTM, north
emisphere. Also create a new coord specific system in the homonymous folder:

New Projection @ New Coordinate System @

Mame: UTM3zm Name: UTM WGES24 32 N

Type: UM v Transformation: ’ Mone -

Zone Number: 3z = Trans. Type: H

Central Meridian: § 0 0.00000"E Residuals: Mo distribution

Hemisphere: Northem M Local Ellipscid: ’WGS 1984 v]
Projection: [uTm 220 -
Proj. Type: UTM
Geoid Model: | None v
CSCS Model: | Nene -
Note:
Last Modffied: -

[ ok [ Awnua | [ ok || Anula |

The new project has been saved in local disk D:. Now select to use the coord. Syst. previously created.
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¥ LEICA Gen Office - [Project RTK]
File frport Edit Wiew Tools Pomts  Export Window  Help

D@ SR =00 sa || ClEEE S| AR A PEE|D @D R =S
Pointld  Pairt..  DateTime - 1%] [¥] [Z] Onho.. Geoio Posn. s+ Hgt
7] RTCM-,., Feference D319/A0181631:33 45703 4311256" N 7°30'40.59954 E 3107386 - - oo
& om Measured I3AVANBINATL 41703 HIINN T MITTE 24774 - - LLELH
FIL Measured D320ANR105713 45703 438" N 7°39 51240807 E 2. - - 016
¥ 003 Measured 1320/200B103505 45703 439640° N T°39S22BLTE 241083 - - oz
9] 004 Measured 3202018103615 45703 4M|IN 7T SL2NW'E 244531 - - 00355
¥ 003 Measured D320/201B 104108 45703 4389216"N 739 5319708°E 25AS - - 23880
W] wé Measured D3/20/AB104351 45703 43EMEIT'N 7U39 SAGAMGE 238975 - - 01137
™ o0? Measured  D3/20/0NB 104636 45703 4ZEDASE'H 7720 5418003 E 28R - - 03202
¥ ez Control  D3/20/2018 1105:33 394763.910 407433540 - - - -
= e Contral  D3/20/2018 1105:33 IHTELINO 407413730 - - - -
¥l 603 Control  D3/20/2008 1105:33 394758.8150 12907432540 - - - -
¥ 605 Control  D3/20/2018 1105:33 IMTELEL0 IR0T45.E540 - - - -
¥l & Control  D3/20/3018 11405:33 I94TEL 6450 200744 3520 - - - -
™ & Contral /202018 1140533 I4T60.8170 01422250 - - - -
) &g Contral  D3/2/N1A 110532 04760 1860 0142 9560 - - - -
¥ &g Control 037202018 11:05:32 04761860 07449530 - - - -
Fe Contral  D3/20/2018 1105:33 I4TE0.5170 407455540 - - - -
Wl Ll Control  D3/20/2008 1105:33 3947637230 1290743.1250 - - - -
Eif-H Control  D3/20/2018 1105:33 3947611380 12907424250 - - - -
M c Control  D3/20/3018 11405:33 347615350 4007432470 - - - -
000 Measursd DIVI0IBIZON08 45703 M4S0SITN T30 SDABMEE 244510 - - 00303
F0002 Measured DRNIEIZOES)  AST03 M SIE2ETN 7030 SLIGETE 241456 - - 0142
¥ coo2 Measured  0320/20181208:00 45703 44510°N 7030 515036 E 24200 - - 00368
FI004  Meoured DIZVNIBIZONM A5O3 MSINTN 739 SIEEECE 23678 - - omas
0005 Measursd DIRVNIBIZINGG 4503 MSBN T30 SIETMOE 236757 - - om33
10005 Measursd DI2INIBIZALIS  ASTOFMTION T3 SIENTEE ] - - 01485
@007 Measursd DIRVINIBI2AZGE  ASTOTAIESTISN TUHSITSLRE 22 - - 0022
0008 Measursd DIVIOIBIZAIT  45T03MDBCN TC 39 SLEEN0E 236644 - - 01558
WI0003  Measursd DIVIOIBI21422 45903 H120SN 7039 SIAOSHE 2937988 - - 10056
¥ 0010 Measured  0320/20181215:37 45703 41NN 7T SLI30E 2025007 - - 0ne
Flom Measured D3ZVIIBIZIGOL 4303 HIZMTN 7739 S210908°E 240114 - - 08
002 Measursd DIRVNIBIZIGIS 4503 ALIISTETN 7T 39 SLANTE p ] - - omr3
WI0013  Measursd DIVNIBLZITOL 45703 441BR0S°N 7739 SLTOSIIE =S - - 21868
0014 Measursd DIRVIOIBIZATST  45TO34428S0°N T30 S02L0E 244005 - - on221
1005 Measursd DIIOIBIZAIL  45T03MAMSEN TUXSDAITTE 244538 - - onaz
WI0016  Measursd DIVIOIB1ZIBS] 45903 H4O6ISSTN 7039 SDAZTEVE 244679 - - 0023
] o7 Measured  0320/201812:20:52 45703 4412828° N 7730 5005008 € 241758 - - anrn
Floms  Measured DIZVAIBIZZLN 4303 HIBMIN 7739 I0.08N0E 24703 - - 0533

W LEICA Geo Office - [Project RTK]
B Fle Impot Fdit View Took Points Esport Window Help

D SR B a T = R AR NET I R~y [ AT S
Point [d Point Class Date/Tirne Easting MNorthing  Ellip. Hat.  Ortho.Hgt  GesidSep.  Posn. + Hat. Qity
¥ RTCM-Ref 000 Reference  03/19/201816:11:23  304F04.5679 4090361 1330 310.7386 - - 00000
7 0 Messured  03/20/2018 103631 384E3S2008 4090737 2894 204 2674 - - 00332
7] a2 Measurerd  03/0/2018 10:37:13  3ME353040 4000737 2986 2042876 - - 00216
¥/ 003 Measured  03/20/2018 10:38:46 3048303191  4990740.7270 24,1493 - - 00132
&/ 004 Measured  03/20/2018 10:3%15 3046565699 4590740 6500 234.1531 - - DA355
&/ 005 Messured  03/20/2018 10-41:18  3%4E77.9147 40907263533 2954265 - - 23840
#1005 Messured  03/20/2018 104353  3M4ES7.7313 40907241544 293.8975 - - 01137
007 Messured  03/20/2018 10:46:26  304E9BE079 40906331671 2836186 - - 03303
71602 Control 03/20/2018 1105:33 347635120 40907439540 - - - -
71603 Cantral 03/20/2018 11:05:33  IMTE2.0000 4090741 9730 - - -
7 64 Contral 03/20/201811:05:33 37500190 4090743 9540 - - -
7 s Cantrol 02/20/20181105:23  3M7FA2.0040 4000745 6240 - - -
606 Control  [3/20/2018 11405:33  3MT66450 4090744 0530 - - -
¥/ 607 Control 03/20/2018 110%:33  3MTG0.9170 45907422250 - - -
¥/ 60d Contral 03/20/2018 110533  3M760,1860 4590742 9560 - - -
/603 Contral 03/20/2018 1105:33 347601860 4590744 9530 - - -
610 Control 03/20/2018 1105:33  3M4760.5170 45907456340 - - -
W61 Control 03/20/2018 11:05:33  3M763.7230 40907431250 - - -
W62 Cantral 03/20/2018 11:05:33  34763.1990 4000742 4250 - - -
Fc Cantral 03/20/2018 1105:33  354761.5350 45907439470 - - - -
T o0y Measured  03/20/2018 120508  384E12.420 4090746 3617 2844510 - - 00303
T 0002 Meacured  02/20/2018 1206:50 304E32.3000 4000746 2682 2041456 - - 01428
03 Measurerd  03/0/2018 12:08:00  3M4E411800 40007463754 2042200 - - 00968
0004 Measured  03/20/2018 1209:24 3048385216 45907432704 293.67T8 - - 00125
/0005 Measured  03/20/2018 121026 304E93.0915 4590747 4023 293.6797 - - 00133
0006 Messured  03/20/2018 12:11:16  3%4E95.7103 4090752 6059 293.7479 - - 01486
170007 Messured  03/20/2018 121248  354E90.0224 45907250914 2837422 - - 00229
17 0008 Measured  03/20/2018 124237 30dE8BATS8 40907205216 2826644 - - 04558
17 0009 Measured  03/20/20181214:22  304ES2.5008 400073313248 2093.7998 - - 10056
T oato Measured  03/20/2018 121527 3046501191 499073317336 2938507 - - 00189
ooty Measured  03/20/20181216:00  IS4ES4.4568 4090733 8492 204 0114 - - 00158
o2 Meacured  02/20/2018 1216:35  304ES0.1206 40007240224 2040220 - - 00173
om3 Measurerd  [3/0/2018 1297:01  3ME454361 40007350606 207.6523 - - 21968
L oa14 Measured  03/20/2018 1217:37 3M4B12.7884  4990734.7539 2944005 - - noz21
o5 Messured  03/20/2018 12:16:31  3%4E11.2253 4090733 9167 2944536 - - 00192
17 0016 Messured  03/20/2018 1216:53 304E10E944 40907324100 2944679 - - 00223
o017 Messured  03/20/2018 12:20:52  384B20.0910 40907344471 284.1756 - - 0072
17 o018 Measured  03/20/2018 12:21:50 30dE20.7766 40907254589 2964762 - - 06373

‘ 4 v Bty ‘ H aPs-Proc ‘ B TPS-Froc | B Leveifoe AP Adusment @P«ml P Artennas ‘ B Fesits ‘ e Codent | (D imagms

The quality is about 30-40cm, which means that the connection with master station has been lost: we can
decide if to accept it or to cancel it.
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Interval Properties (Track) @
Artenna | Annctation

Poirt Id Interval Start Interval End Duration Tvpe

001 03/20/2018 10:36:31  03/20/2018 10:37.06  Oh D0 357 Static -
Anterna Type: AX1203+ V] [ Wiew...

Horizontal. Offset: 0.0000 m
Vertical Offset: 0.0000 m E
Height Reading: W m I E
Measurement Type: Vertical - =
Total vertical Height: 2.0000 m

Total Verical
Wartical

Change antenna height for all non-nstantaneous
paints in track

When all the setting has been made the software displays the baselines between collected points and
virtual station:

B ECA G Oca - [Prect AT EEE=RE
B Fin et Ede Ve Tooh VewEit Epet Windew Hain _leix
Do) SR ) g & & Q| o CHYE SRR A S| | | SR W

“oo0s

- bl e e Ly
% Sy
I
% o g
%o
wmom
Toie v | Wi rSime | B TP | § Lok | s | @7y | P | B Fentn | Cote | Climogen
Coor: TGRS m ST Comt s W 2 e

To see our trajectory in the collection of points, click GPS Track in Graphical Settings:

Graphical settings @

View | Accuracy | Gid [ Color [ Fort |

General Data

Grid Lines -
North Amow [7] Areas

[¥] Scale Bar [¥] Awa. Limit exceeded

Legend

[#]Coerdinate Tracking P35 Hidden Point Measure
Backaground Image Level Tracks 3
[¥|CAD Files [[]Geoid Contours v
Diefaults
oK | [ Aonula |
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B e e e ] =TETE
B rie tmpen fan vy Teols Sows e Cixlx
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s PoniCl DuarTime \amids  Loegtude ENpHE OMRaHG GesdSes Poan-HgLQly  PoraSubdis
Mool DAAMEBHA AFOF ., TS AT = i omw  Codeouy
Navgred | BARNEINGE GOT M, T BAT 3 E W Codeomy
Negusd DAMENFD AFGIM. TERL. R0 . Wmm Codony
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£ | Mevenn [ Qorsine | 8 esbo | 8 tevetos | At bt | D Pos] P seres | B ety | © Gt | EBives
Resty ERT—— -

We have to set the parameters: change TORI into control point in order to modify the std. deviation:

Point Properties @
General | Stochastics | Thematical Data
Point Id: TORI Activated
Point Class: [Control v]
Point Subclass: [F‘med in Position and Height ']
Coordinate Type: @ WGS84 ) Local
Coordinate Format: [Latﬂude, Longitude, Height -
Height Mode: (@ Blipsoidal Orthometric
Latitude: 45 3 4811258°N Standard deviation:  0.002 m
Longitude: T 35 40.59954"E Standard deviation:  0.002 m
Height: 3107387 m  Standard deviation:  0.002 m
Ba [ ok [ Awnula ][ Applics |

We can change also the GPS parameters:

Configure GPS-processing Parameters @ Configure GPS-processing Parameters @
General | Sirategy | Extended Output | Auto. Processing | | General | Strateay | Etended Output | Auto. Processing|
Active satelites Frequency: [Momatic - ]
Cut-off angle: 15 % ° @G5 - Fix ambiguities up to: 80 % km
@607
Ephemeris [Bmadcaﬁ V] = L Min. duration for float solution (static) 300 % sEC
Solution type anmaﬁc v] | Sampling rate: [Use all - ]
GNSS type: I.Mtomaue -] Tropospheric model [Hopﬁdd - ]
lonospheric model: [Momatic ) ]
Use stochastic modeling Min. distance: 8 % km

lonospheric activity:

To estimate the 2 baselines we have to select:
Red hammer=reference station: where the baseline starts.
Green hammer: ref rover where baseline ends.
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Lab 3 - StereoCAD

Open the software:

LAN Adapter

|Realtek PCIe GBE Family Controller
Current dient IP: 192.165.45.104

Server
’7 Server IP: | 130 . 192 . 28 . 156 Port: |5001|

| e |

Orientations, new: using data from Zeiss DMC _Regione_PIEMONTE (wordpad):

Camera Passport @
rGeneral Data———————— ~Distortions
Camera Name: | ZEISS . -
Unit: |mm 'I ™ Grid Calibration & Import @ View
Camera SfN:
Lens S: l— - Radial Symmetri
Formula: = ~ a ”
Calibration Date: | 24/04/2018 ¥ ler =la*rn3 +izrs +are7 =
—Coefficents ~RfdR table

~Image properties

Width (pix): | 7680 KOz R {mm) I dR {um) I

Height {pix): | 13824

Pixel Size (mm): | 0,012

Focal Length (mm): | 120 Kz |0

~Prindpal Point——————————————————— k3 (o

Unit: R (mm): dR {um):

Ipu(EI 'I l— RO:

G} 5590 o Add ﬁi[‘] Remove x Reset
Origin: i lm—
Itup left VI
Tangential
P1: IO P2 |0
o [o]'4 0 Cancel

Save as .bcc.

Import the image: main, import, import generic :
-Zeiss_DMC_Regione_PIEMONTE
-eo_definitivos_es_3 foto

-folder that contains images

Data Import @

—Camera passport

I C:Wsers\5255542\Desktop\Geomatics - Piras\STEREOCAD-data\STEREOCA! &al

rExternal Orientation file

I C:\Uzerg\S255542 \DesktopGeomatics - Piras\STEREOCAD-data\STEREOCAI a

—Images folder

I Ci\Users\S255542 \DesktopGeomatics - Piras\STEREQCAD-data\STEREOQCAI @

L4 OK 0 Cancel

Do the passing: define the meaning of the single column in the orientation file.
FROM:
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The Level of details depends on the scale factor of the map.

Here we can see that there are two equal images: one blue and one red. In order to know the points’ exact
coord. we have to perfectly overlap the 2 images (we have to do this for each point). Far more we can draw

lines, create layers, measure distance,..., and so we can create a map.

Lab 4 - Post-processing of our acquired data

To start let’s first open LGeo Software; check that there is the reference system WGS84 32 Nord; create a
New Project and select it; import from GNSS_data all the files: select only these, because the others are too

small: duration of some seconds or minutes.

Assign data to project Progetto_RTK @E
General | Settings | GFS
Point Id GMSS type Start Durat..  Antenna..  Phase center...
102 GPS/GLOMASS  03/08/2018 12:.., 21" 39" 0.0000 0.0878
m GPS/GLOMASS  03/08/2018 12:.., 20 08" 0.0000 0.0878
- GPS/GLOMASS  05/08/2018 12:... 03' 16" 0.0000 0.0644
103 GPS/GLOMASS  05/08/2018 12:... 32 o7 0.0000 0.0644
- GPS/GLOMASS  05/08/2018 12:... 00 09" 0.0000 0.0644
< m >
2] o
& LEICA Geo Office - [Project Progetto_RTK] [=]=]x]
File Import Edit View Tools GPS-Proc Export Window Help
D& &R G ®e & =8 A x?
Open Documents: Point ... Peint Class Start 12;DD 12;1D 12;30 12:40
102 Navigated 05/08/2018 11:58:01  0f]|- < : :
k- 103 Navigated 05/08/201B12:17:31 0 |- === - -m=mmmmmmms s o oo ]
101 Navigated 05/08/20181225:33 0|+ =3 -- === r-mm s remm e s s 1 ]
=]
R
< n > < ‘ m >
Ma"::;;”“ My View/Edt | BB GPSProc| B TPSFoc | % LevelProc | ff? Adustment | ¥ Foints | 2 Antennas (3 Images
Ready Time: 05/08/20181200:05 | Coord.Sys:: WGS 1984 NUM

Need to add the master station TORI from the homonymous folder:
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Point Properties EE

General | Stochastics | Thematical Data I Images |

Poirt Id: [TORI | ¥ Activated

Poirt Class: Contral W

Pairt Subclass: Fieed in Position and Height

Coordinate Type: ® WGS24 O Local
Coordinate Format: |La'l'rt|_|de, Longitude, Height W |
Height Mode: Hlipsoidal Orthometric

Latitude: 45 3 48.11258"N Standard deviation:
Longitude: T 39 40.59954"E Standard deviation: m

Height 3107387 m  Standard deviation:

[ ok |[ Arala | [ Applica |

Set the height of the instrument (for all 3 points): select point : properties: antenna on tripod (otherwise we
loose 36 cm of the vertical offset).

Interval Properties (Track) @E
Antenna | Annotation
Puoirt 1d Interval Start Interval End Duration Type
102 05/08/2018 11:59:.01  05/08/2018 12:21:58 Oh 22' 57" Static
Antenna Type: |P\X12ﬂ2 GE Tripod b | | View...
Horizontal. Cffset: 0.0000 m
Horizontal Offset 5
Vertical Cffset: 0.3600 m Fhase Centre o i £
' =
Height Reading: 1.2370|m 0 N —— :E
Measurement Type: _ E ‘. E =
1 slope P
Total vertical Height: 15970 m T [
= VE
E! =
[]Change antenna height for all non-nstantaneous -
poirts in track E E
[ ok |[ Annda |

Set with the hammer (=color) master (red) and rover (green):
BIEES

- &%

AL W sl LG HE & g
Messurement | 1120 12:00 1230

Vertical

Vertical

Vertical

Vertical

Click PROCESS: the Results page opens.
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',_ File Import Edit Yiew Tools FResuls Esport Window Help
D SR BE e QR es Qe it AR A puBE© dan e (walLeH

Results | Stored Status  Ariiguity St Type Salution type  Freguen..

-] Pines
i-[C] Parameters
-] Report

|3 T il 3
|l§\o\=ma crsime [ TPSPme B lewPoe P ddusmer R oms | P Amennas |&m1 0 Codelr (W images

Caord.Sys.: utmdZnord hUM

Click local + grid, so we are now in local coordinates where we can overlook the ambiguity :

B Fle bmport Edit View Teols Results Eport Window Help ' L[]
DSk bE e 88 ang e e vE Ry cRERA GRS 4| amd e uE LeE | < E
Fesults Stored Status | Ambiguiy Sttus | GNSSType  Type | Solufiontype | Freguen Easti Marthing i
=3 Results = r L1+L2
- 0509/ 2018 02:19:42
?}_;-Gﬂaﬂiﬂs
&1 Painis
& 1 Parameters
-l Report

3 | m RE

Ky vowsEdt PR EPePme | @ TPERee | B LavelFree .dﬂaqmnm |®an | P Amarnaa a,nunl G Codeln |ﬂmagn

Open MicroSurvey StarNet V7 Software:
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i MioSivey STARNET PO btk 55 =
File Ect Options Input Run Output Tools View Window Help

—— s ————

& m e b e SREBEN

2NCEHR B0 . »
st nput Fies ~ 5 x
£, |

3 Network_S5
¥ 8] Network_S5dst

= O el

. bOOOOOOENOOCOOOOOGOMLL

103 98,8382 ©
102 100.2754

No Plot Available!

Input Run

BEe .

Qutput  Tools

View Window Help

g5 e d® f_'“.ﬁi < ¥ 3 O =

=

Network_S5.dat* x |

+

55.dat

C 102 394505.7430
C 103 394485.0802
C 101 394452.82%6

DB 55
DM 103 371.1e25

4991070.2578
4991016.8227
45991116.0445

Select: option, project...:
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g

Project Options

Adiustmert | General | Instrument | Listing File | Other Files | Special | GPS | Modeling|

Conventional Lewveling
Distance Constant:  0.005 Meters Sections as: @ Length @ Tums
Distance PRI : Elev Diff:  0.002403 Meters, Km
Angle: 2 MiliGons
Direction: 2 MilliGons
Azimuth / Bearing: 2 MilliGans
Zenith: 5 MilliGons
Blev Diff Constant: 0,005 Meters
Elev Liff PPM: k3
Centering Emors:
Horiz Instrumert:  0.001 Meters
Horiz Tanget: 0.001 Meters
Vertical: 0.002 Meters

oK [ Awmula |[ 2

Click ok. Click run.

d MicroSurvey STARNET-PRO - Network S5
Fil £t Options Input Run Oulput Tosls View Window Help

BREEHE BA0, =

Al
- Loading Necwork Data ...
‘23 etk _S5 Checking Fecwork Data ...

(8] Network_S5dst

ming Network Adjustment ...

rged in 3 Ireravions

22
g€

xceeded Upper Bound
Lowaz/Upper Bounds (0.409/1.502)
Performin
Wricing O

Fropagation ...

Hetwork Processing Campleted
Elapsed Time = 00:00:01

o MR ]

HAI0TT  EIM05  Wioth: 4438 Metsrs

Mo error messages
W 4 ¢ W Listngs . Errors / Coordnates /| Laiongs /| Ground / Dump |

=] Output | Find Point

CAP NUM SR
e

Reacy
s

If 101 is not fixed, the errors are smaller because the phase ambiguity is not fixed because it didn’t connect
with the satellite for enough time:
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(S) Open [52]
Organize v Mew folder &= » [ 9
=
¥ Favorites Mame Date modified Type Size
Bl Deskiop 11 03042018 1_Scan_044.fls 15/05/2018 1151 File folder
L-Hr Downloads . 030420181 Scan_045fls 15/05/2018 11:51 File folder
ﬁ Recent Places ‘H 030420181 Scan_046.fls 15/05/2018 11:51 File folder
j 03042018.1_Scan_047 fls 15/05/2018 11:51 File folder
[ Libraries . 030420181 Scan_048 fls 15/05/2018 11:51 File folder
Documents
Ji Music
[ Pictures
B videos
/% Computer
% Metwork
File name: -

Click visualize, plan view:

R - T |
ido-ol- - E Report lab 3 [Modalita di compstibila] - Microsoft Viord
- Home I Insenset Layout i pagina Ritenment Lettere Aewisione Visuahzzy

Planar View |
30 Yiew
| Structure View

Delete DI042018.1_Scan 044°

Rename
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Remove the points that are not targets or by using the menu:
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S Labd* - SCENE 70181

Fie Ede View Freestyle Tools Window e

d Y NTEA] 2 E38 5 CRER. 3
2 G BG By 0 EEN X [ Pye
[npa Xe

N Y 0300081 Seam 004 [ 3002013 S 45| 0430551 Sacnd

¥ 8% 030420181 Scan 044
§ 8% 030420181 Scan 045
7822 030420181 Scan 046
o 8% 00042018.1_Scan_ 047
« 8.5 030420181 Scan 048
D Moses
i € Refarances

Gerers| Torget Based

Gomesgenderce Search
¥/ eratls comependence search

P cormespondences for scvn posttens

Force comesmendences by e targes names

¥ Use crncoal drecsons of o

Use ponis for waidasen

Targen Debuton Thrashod:

bady dsréuted

7 se Crecherboard Normss

Calcubate scan pont based statstes

Salaction: /Scans

+ e scan 7101 = | — St e S
196 Vew  fwemie  Toch  Wndow  ep
[~ RN Ao N EAY 2.8

R

L TR S IR 85| TR0, 5400 s SIS ST | OB Scan 043 $IOENILL Scam 084

4 B 03O429IN1 Scam 012
| B2 030420181 Scan 045
0 2L 039181 Scon 040
© Mosets

B Reterencer
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Lab 5 - SCENE

In the SCENE software we have to import all the scans, impose the planar view and find the checkboard
points: we eliminate the wrong ones and add the unfounded ones, then we change their names as they
were called in the field.

S, DefaultProject - SCENE 7.1.1.81
File Modifica Visualizza Freestyle Strumenti Finestra 2

) % a0 g Y 2 ERE @ Od- @ E
B % 0 SR [RE s o L8
of B X e

03042018.1 Scan_044 x | 03042018.15can 045 |  03042018.1.5can 046, |

S DefaultProject
=G Scans
--8&7%3 03042018.1_Scan_044
+-E3 AutoFeatures

+-E3 Pictures
o B4
o.@a 030 Localizza 12’
783 030, Nuovo »
48673 030 Visualizza >
-8 030 Operazioni »
& Models e

+-@3 Reference
Elimina‘12’  Cancella

‘Rinomina

Propriets... Ctrl+Invio

S Detuttprogect

52 030420181 Scam 044
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Colloca scansioni

(=]
- @

Modalita di collocazione:

Basato sul target

Ricerca corrispondenza
Abilita ricerca di corrispondenze

[Basaho sul target

[ Trova corrispondenze per posizioni di scansione

[TIForza corrispondenze per nomi di destinazione manuali

Utilizza direzione principale di scansioni
[ utilizza punti per convalida

Target soglia di distribuzione:

0

Distribuiti in mode errato distribuito correttaments
Usa normali a scacchiera

[ Calcola statistiche in base ai punti di scansione

[ OK ][ Annulla ]

In “tensioni dei target” we can see the errors in the measurements of the distance: markers 6,7,8,9,10 are
the ones with the best precision and accuracy.

fScans/ScanManager l @
[ Gestione scansioni | Risultati scansione | Tension dei target |
Gerarchia completa [
Riferimento Errore dist [mm] Err... Scansione 1 Scansione 2 -~ ’
% 18 7.81 — 03042018.1_Scan_044 References i
) e 14 7.63 = 03042018.1_Scan_044 References
e 12 7.61 = 03042018.1_Scan_045 References
a7 7.53 —  03042018.1 Scan_047 030420181 Scan_048 F
a 14 7.50 —  03042018.1 Scan_044 03042018.1 Scan_045 = -
@ 7 7.15 - 03042018.1_Scan_048 References | 5 =
9 4 7.01 == 03042018.1_Scan_048 References
a 10 5.27 —  03042018.1 Scan_046 030420181 Scan_047
e 17 5.20 -— 03042018.1_Scan_044 References 4
e 10 4,18 = 03042018.1_Scan_046 References
e 12 3.90 = 03042018.1_Scan_046 References
a8 3.77 = 03042018.1_Scan_046 References -
4 1 | L3
Statistiche area angolare [ distanza
Media: 9.13 [mm] ! 0.000 7 ! Deviazione: 7.02 [mm] 0.000 [
Min: 053 [mm] 0000 [9 Max: 32.5 mm] o000 [
-i [ Preleva ] [ Applica ] oK ] [ Annulla
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5 DelsutProjecr - SCENE 71181 =@ B
Tk Modfca Vruskza  fmetie  Smen  hoems
DR-DB: S U Sand LA BLS Soe N 8 056

MR BER FEICD L w- @l e B H Ry HEEE RS NG TN
E LeMO® Ly oL

o m e o - e

AR Sian | GRS DS | ORI Saan D46 GOSN S P41 | OIR Sean 43| ans  Sewmn x -

#1822 03420181 Seam 044
32 st
+ B AnsFutie
» B Prtuces
“h¥n
1B O304 IR Scam 045
B4 O34TRL Scam 046
119 030420181 Scam 047
4 822 03042011 Scam DR
& Moseis
i B Referencer

P- H QO ¢ F P RO N D F @

o) Vinsalzzs 235" 35" e T4 Pac 394648 J6m 4354164 S0w 435 34 Caricuranto cowpietato  Detiagher 100% Sotto 1 bt 300

We can see that there are 220 million points (grey) but there are also a lot of white points where there is
no information due to obstacles that have been intercepted by the laser signal.

There have been acquired also some points inside the building.

We can also apply colors to the points in order to see a more realistic model by this could be misleading
because, if the laser scan and the photos hadn’t been taken at the same time, there could be some not
fitting parts due to objects (cars, doors, persons,...) that have moved.

& Deaultbroec - SN TA1A1. . . SN - - wamas 8" . - —T

File  Modfics Veuskma  Freestie  Smment  Finema )

BER08: 8 0 Sand 2 ALB N N R 58

QLBND 36X FEIOD Lo - SLatd B B Fu GHEBEBS N G N
o0 SRO®. 0 0N

eI~V B X

MRS S SOOI A SR8 540 e FAOIN S T L OAMIURA SAR R ffias, | s )

09 Scardanager
8 034N Scam 044

4 BT O3OAIOIRL Scam 045
WAL D341 Scan_D46
1182 030420181 Scam D47
1) 22 03042011 _Scan DR

Now we can export the model in different formats so we can use it in other softwares as Autocad:
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Lab 7 - ArcGIS
PART 1

Ex 2.
In order to create new smaller databases, i.e. extract only certain characteristics from the big database, we
can make a selection by:

e Attributes: realize a query considering the attributes of the single feature
e Location: realize a query considering the position of the single feature

(Vector data: info is distributed in points, polygons and lines).
We have to input the .dwg files and choose coordinates, project, national, Italy: Roma Monte Mario Italy 1.

Now we can create the selection by attributes: the selected points are shown as cyan (color) points.

[ pe——— 2.3

oo 4 A BRI e g onebmmng 2n &
T

We have 5782selected points:
| an |l rasmwn s el EAT C

(5782 out of 31235 Selected)

We can export only these points as a shape file:
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Elevations:
|2 & <2 =2 k=

=l = layers

= [0 eaves
*

= [ groundpoints
+

= O buildings
O

[0 A226031.DWG Group Layer

a
I 482,9397583 - 491,2830675
[1491,2830676 - 4996263767
[1499,6263768 - 5079696859
[1507,969686 - 516,3129951
[1516,3129952 - 5246563043
[ 524,6563044 - 532,9996134
[ 532,9995135 - 541,3429226
[1541,3429227 - 5496862318
[1549,6862319 - 558,029541

Or we can use the IDW model that creates a raster model, the results are:

= W IDW

)

[groundpoings

ok frld

Exeaton
Outputraatar

DI W
Cutmt ced e (oot}
g

I 452,9479065 - 491,2036876
[ 491,2936877 - 4995394687
[]499,5394688 - 5070852498
[1507,9852499 - 516,331031

[1516,3310311 - 524,6768121
[ 524,6768122 - 533,0225932
I 533,0225933 - 541,3683743
[ 541,3683744 - 5497141554
[]549,7141555 - 558,0599365

I Attribute tables are available only for vector data, because for raster the info is directly included in

each cell.

Comparison between IDW and Nearest Neighbor: it’s made by using the tools.
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= natneigh
<WALUE=

4829420471 - 487 94163
I 487,9416301 - 492 941213
B 4929412131 - 4979407959
I 497940796 - 502, 9403788
I 5029403789 - 507 9399618
I 5079299619 - 512,9395447
I 5129395448 - 517,9391276
[ 517,9391277 - 5229387105
[15229387106 - 5279382935
[1527,9382936 - 5329378764
[ 5329378765 - 537,9374593
[ 537,9374594 - 5429370422
[ 5429370423 - 547 9366252
B 5479366253 - 552,9362081
B 5529362082 - 557935791

Now we want to merge info from the database with the building shapes and the database having the
eave points. But we don’t want the points that don’t belong to buildings:

Join Data @

Join lets you append additional data to this layer's attribute table so you can,
for example, symbolize the layer's features using this data.

What do you want to join to this layer?

IJoin data from another layer based on spatial location ']

1. Choose the layer to join to this layer, or load spatial data from disk:

I":;’ Eaves ;I @]

2, You are joining:  Points to Polygons

Select a join feature dass above. You wil be given different
options based on geometry types of the source feature dass

= and the join feature dass.
N (7 Each polygon will be given a summary of the numeric attrbutes of
the peints that fall inside it, and & count field showing how mary

points fall inside it.

How do you want the attributes to be summarized?

4 HAverage Minimum Standard Deviation
Sum Maimum Variance

(@ Each polygon will be given all the attibutes of the point that is
closest to its boundary, and a distance field showing how close the
point is (in the units of the target layer)

Mote: A point falling inside a polygon is treated as being closest to
the palygon, {.e. a distance of 0).

3. The result of the join will be saved into a new layer.
Spedfy output shapefie or feature dass for this new layer:

D:\GIS"Join_building shp =
About joining data oK ] [ Cancl ]
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Calculate geometry is used to calculate areas, perimeters, coord of centroids: let’s calculate the area
(mA2):

Add Field =]
Name: area
Type: [Double ']
Field Properties
|Pracssiun |E |
|Scale |3 |
{\wé\ N
DO @ N
O x
=
Distance height Area -
o 3,81 854336 |:|
0 3,24 76,6367
o 3,72 63,3592
0 515 2157899
o 7 227 0886
0 9,38 196,2665
0 425 5416025
o 417 320 89975
0 405 372 09945
o 27 44 5857
o 7. 255 4681 [
o 245 29,0586
o &35 176,3245
o 563 148 4724
0 5,40 20450095 [
o 478 366 2661
0 5,41 202 3251
o 483 2355639
0 563 129,0054
o 754 202 508
0 18 26,75685
0 462 150,8291
o 638 457 84725
0 474 395 83505
o 4 35,2017
o 4 188, 8268
o 1,87 50,4641
o 9,69 215 68285
o 237 63 7689
0 ) 234 5967
o 548 2321691
0 543 152,6556
o 781 160 28935
0 8,31 214 46597 e
[ T | »

TEDS O3 .

Represent the building with different colors consider the height
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Layer Properties @

General I Source I Selection I Digplay | Symbology | Fields Defintion Guery I Joins & Relates
Base Heights | Time | Bxtrusion | Rendering | HTML Popup

Extrude features in layer. Extrusion turns points into vertical lines, lines into
walls, and palygons into blodks,

Extrusion value or expression:

[height] *10 -

Apply extrusion by:

[adding it to each feature's base height -

[ —

About using extrusion as 30 symbology

OK || Andla || Appica |

We amplified the view by multiplying by 10

b ’ffmﬂl 'i M
il | ljg“rl ’

But it’s too much so we reduce the amplification by 2:
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