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1.2. Equi pment to be used

Hardware Personal Computer (Keyboard, System Mouse)

LCD Monitor

3D Monitor

3D glasses and accessories

Topo Mouse (Mouse for 3D work)

Software Photography plan Tool

MATCH_AT (Inpho)

, ERDASMAGINE (IMAGINE Photogrammetry, AutoDTM, Terrain Editor)

b v v v

v

2. Aerial Triangul ati on

21. Essenti al Il nstruction

211. Aerial Photography

Throaghi al photogatipby of airplane and direction o
| oomt iof airplane andané er ald g redcead owmhadirs penabantensa ¢hg t hi
t he&reyreo phot ogrodmmat aiipl atlelceh.n

J
IMU: Rotation angle 7, g .- ---
(©0X) 3

) W

4
/

P, :; et T
y ‘ f\ Aerial Camera with IMU
]
' GNSS Ground Station
CORS

Height: H=W X f/(X1-X2)
GNSS: Gl obal Navigation $SMUel lineetbdSydt

212. AerTrailangul ati on
0OAerial Triangul ati on¢ shetpositoreandwmection of each phatbincageloat e  (
satellite image for thempdeps®e of orienting the 0
In the oO0OAerial Triangul ati €R) )Y apdi oDffsé&, sb&r buhbd
each image to tie overlapping area among adjacent images. Then calculate the positon and direction of each

i mage from 0l mage Cpoirmdi hadarerd o06Gr oemda hCoordi nat ed
is called OAdjustmento6 and usually oO0Bundl e Adj ust me

(1) Camer a

I n case of using oDigital Aeri al Camerad current
size(Im)é, oPrincipal Points ofCGaReta. PPY) o6 from the

2



(2) GNSS/ 1 MU, RPC File

GGNSS/IMWis useful and effectiviknowinginitial position and direction of each image. In case of Satellite,

RPC RationalPolynomial Coefficien) file correspond it.

(3) Point Measurement

MeasuringTie poins, 3 points Top, Middle,Bottom) on the
vertical center line of an image, In casetie-point locateson
overlapped (adjacent) imagethe point must be measuredn

neighboring as well.

OGround ConitTfioé |

(4) Calculation (Block Adjustment)

Among Adjustment methods oftAerial Triangulatioq
the most popular one is theBundle Adjustment This is
the method to calculatetExterior Orientatiodaltogether
usingt he solution based on
control points and tie pc¢

Q:Control Points | O N V

A

(5) Out puAeriodl Triangulation and Accuracy Control

ResuMAeériodl triangulation is generally as bel ow.
1) Exterior Orientation output (tabl e)
2) Ti-peoi nt | i st

3) FIight I ndex
4) Record of Adjustment
5) Ot her document

22. TodPhot ogr amme Mmii @ u3 aftti wanr e )

ERDAS Imagine (provided by Hexagon Geospatial) MATEH (Trimble Inpho) argopular software for
Aerial Triangulatiorwork. This chapter explains basic manipulation of these software.

221 ERDAS Photogrammetry
This software is many options for processing s#telimages or other raster images.



In IMAGINE Photogrammetry, popular procedure is initial setting, interior orientation, exterior orientation,
DEM generation, ortherectification.

(1) Project Setting

x Open | magine Photogrammetry

| @ aster Vector errain Toolbox Help
| B unches ERDAS IMAGINE 2016 | R o R
: w L ol A wd @

E0T0)
IMAGINE  fImage Spatial Model Model pocaic  AuteSync  Steree  Maps VirtualGls
Photogrammetry [fqualizer ~ Editor™  Maker™ . Workstation™ Analyst™  + N

Commen

Contents TX apviewst

= = 2D View #1
] Background

Create New

Look in:

B ad>s o & Model Setup -—— %I
.iu Home Manage Data Raster Vector Terr —

- Geometric Madel Category:
K = 5 el & oK
IMAGINP=—TReBE—SESE N del Model osgic  AutoSync

& IMAGINE Photodtammetry Project Manager Btk

Edit Procesfl Tools Help

£-[] sl 2
O B Open... Video Camera [Wideagraphy)
Non-Metric Camera
Save
Save As

File mame:  iica_test_201§

Import SOCET SET Project...
Export To SOCET SET Project...

Dan

Files of tppe: [Bluck File [ blk]

- CACET CET Drniartlc)

3 Files, 0 Subdirectaries, 0 Matches, -214748364Ek Bytes Free

i BBl ock Pr odgv rntdyo wS eotpugfeetd , c | i c k

F N
g Block Property Setup ﬂ Contral F

" @ (Edited) Projection Chooser

Reference Coordinate System Tie Point

Harizontal ok,

Check P

Spheroid Name [Clarke 1880 -
Previous [T Point ID= Datum Hame: [dindan [Ethicpia) -] Save.

Projection: Geographic [Lat/Lon]

Dt WS B4 ‘ Specify a Horizontal Coordinate System for this block file k:lual UTM Zore: il

Horizontal Units: [Degraes 'I ‘ NORTH or SOUTH: [Nnrth -]

]

T

[ sove. ]

[ Dekte.. ]
Residual Se. I
Vertical : l = |

Wertical Spheroid: WiGS 84 Point Criteria Heb

Vertical Daturn: WG5S 84 0

“ertical Lnits: meters

[ Impart... ] [ Set LSR [Unknawn] Projection

- - . . Find Projection
Specify a Horizontal Coordinate System for this block file

‘EPSE Code: 0 Find ‘




il n Projection Chooser window, choose appropriat

r Iy
g Block Property Setup ﬂ Contral F
Reference Cooidinate System Tie Paint
Haorizontal 0K e

Projection:  UTM ‘ Elevation Info Chooser

Previous

Diatum Mame: World Wide 1-Minute Gieoid Height [EGM200) -

7 Cancel
Elevation Umls: Elevation Type| height

Help

Dratum: Adindan (Ethiopia)

Horizontal Uit~ [Meters - Sphercid Name| WGS 84 -] £

Wertical

Vertical Spheroid: 'WGS 84

Vertical Datum:  WGS 84

‘ Specify a Vertical Coordinate System for this bl
Wertical Unitz: | meters |

i H

[ Impait... ] [ Set LSH [Unknown] Projection l

Specify a Vertical Coordinate Systern for this block file

B Block Property Setup g Block Property Setup . — ﬂ
Reference Coordinate System Set Frame-Specific Information:
Horizontal oK
Ok
P i UTM Fiotation S pstem: [Umega, Fhi, K.appa V] _
Datum Adindan (Ethiopia, Angle Units [Deglees ']
[Ethiopia]
R L . e
Harizantal Units: [ Meters W Photo Direction: [Z-ax\s for normal images ']
ELICS __HE'D Aurerage Flying Height [meters): 2200000
Wertical Spheroid: WGS 84
Verical Datum:  Waorld Wide 1-Minute Geoid Height (EGM2008] erTiichtation Parameters if available
Yertical Units: | meters / Fensor Name: [ Default Nar-Metic v] [Edit Camera... I [N ew Camera. ]
l Imnport... ] [ Set LSA [Unknown] Projection J’/ [ Impart E sterior Drigntation Parameters ] \E’w
(
1 Defi
I n p u t F I y i n g h ine a new camera _ i

From the GPS/ |

)

-

i« Camera File Creat on.

T PEE
Eagle-1- ~
UltraCamEagle, Serial Number UC-Eagle-1-80810137 nu.a General ‘ CEp== s | Radial Lens DiStUltiUnl
Panchromatic Camera
CameraName:  UCEanle-1-80810137
Large Format Panchromatic Output Image
Image Format | long track 88.016mm 13080pixel Descriptions feaAT-raining
cross track 104.052mm 20010pixel :
Load
Image Extent (-34.01, -52.02)mm | (34.01, 52.02)mm Facal Length (] 79,8000 =
Pixel Size 5.200,m’5.200pm S —
Principal Point x0 [mm] 0.0000 =
Focal Length | ck 79,600 mm 2 0,002mm
Principal Point | X_ppa 0.000 mm +0.002mm Frincipal Foint yo [mm]. 010000 =
(Level 2) Y_poa 0.000 mm £0.002mm il
Lens Distorti Remaining Distortion less than 0.002mm
r R
[7] Uss Extendsd Camera Mads! Edit g Block Property Setup ﬂ
Multispectral Camera Set Frame-Speciic Information:
Medium Format Multispectral Qutput Image . -
(Upscaled to panchromatic image format) Fiotation System: [Dmega, Phi, Kappa v]
.
Angle Units: [ Degiees v]
. - Mext
Phota Direction: [Z—ax\s for normal images ']
Average Flying Height [meters]: 8200.000 =
Elp

Impart Interior Orientation Parameters i available

Sensar Mame; UC-Eagle-1-808101: | |Edit Camera...| |New Camera,

l Impart Exterior Orientation Parameters ] i




(2) 1 mporting aerial images
After creating Block File, aerial imagshall be loaded.

I n & MAGI NE Photogrammewir yd@wpj G*ilacnlkzﬂairttdncx‘;n«z)rse i mag

— ¥ Image File Name
E = 5 b & wol & L
IMAGINE Imzge Spatial Model Model possic  AutoSync  Stereo  pape VirtualGls Lookin 23 oromia M (=] E
notogrammepse el Stk L L Lot
g IMAGINE Photogrammetry Praject Manager: jica_test_2018.blk &]
~ — = Cancel
ontents File Edit ocess Qools  Help o
Memn D@D O % Az 2z g aad
) B3 [ g Block I Riecent.
® Add frame to the list
D Images Geto...
(EQ Orthes
(Tg DTMs

File name;  12_47811if

Files of type: | TIFF -]
uzcalor : 13080 Rows x 20010 Columns # 3 Bandls]

P

x el size into

ix After | oading the image, input p

& Digitsl Camera Frame Editor (12_476.1if) ==

Sensor Interior Orientation | E sterior Infomation

i

0K

Fivel size in » drection [microns). 52000 = Frevious

!

Hext

Cancel

Help

Firel size in y direction fmicrons): 5.2000

] tpply 1o al active frames:

:

Interior orientation measurement.

(3)I nteritoat iGrn eemnd Exteri or

Image which is shot on central projection has 2 types
distortion. One is called internal distortion and it caused b
camera and sensor used. The other is called external distorti
and it caused by geometry of method of image shot. In orde
to remove these distortions, internal orientation and externs
orientation should be executed in orthaectification processing.

Lens distortion and focal length shall be input for interne

orientation of camera mounted on airplane. Position anc

rotation angle ofcamera when image was shot shall be define v 1%

for exterior orientation. Variable number for defining positior /:
X CU

and rotation angle of image are called exterior orientatior Xo 1 W
—~ Yo

parameter. In case that GNSS/IMU is used for photography,
exterior orientation paramegr is available.

(4) Measurement of Ground Control Points (GCPs) and

After Interior Orientation and Exterior Orientation, GCPs and Tie Points are measured.
GCPs make correspondence image coordinate where specified point on image to geographicdioate.

6



To measure geographic coordinate, vector data which indicate roads, buildings, etc. and erdatified image
such as aerial photo and satellite are usable.

GCPs make correspondence image coordinate where specified point on image to geographicdioate.
To measure geographic coordinate, vector data which indicate roads, buildings, etc. and erdatified image
such as aerial photo and satellite are usable.

o o mg_phrib_p_201 _sen_ipu_20140426_7532-001 _ricl.of. RGht view mg_pnrib_p_20130601013644_sen_pu_20140428_7552-001.£1) = [ |
Lot inage: Ao Mo 136AMG. PH-2TIE Fight Inege. ¢ NempM/p1S/MG_PH2 T

35499.00, -850.00

(5) Adj ust ment (Aerial Triangulation)
¢ &

x To set properties Triangul ation, click icon



ix | Rati onal Fundwii mehoWwRefd meoneentany settings.

General |P0inl I F{eﬁnemenl|

Maximum Normal Iterations: =
Ground Convergence Value [meters): oooto 2

Compute Accuracy for Unknowns

| General| Foint | Refinement|

Image Point Standard Deviations [pixels] : A
un

« 033 =
v 03 -
Repart
Ground Point Type and Standard Deviations [<7: meters, Z: meters]
Type: | Same weighted values -

w5 0.100000 = Z 0100000 =

y: 0.700000 =

Set standard deviations (pixels) for image cooordinates

im After compl eti dcRubhof settings, click
After adjustment (Calculation), a summary of the result shall be displayed as below. And thiek,
OReportdé to check the details.




































































































