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READ
STUDY MATERIAL

= Basic text: GRGC_Read_Before_Class_2022.pdf

= Follow this lecture after reading and understanding the Basic text.
If you did not read the Basic text, leave the room, read the text
and then see the video of the lecture... and remember to read
before coming to class.

= LTB: Search for Georeferencing, Geocoding. Study all the related
relations.

iTe UNIVERSITY OF TWENTE.

READ

GOING FROM ‘A’ TO ‘B’ FOR RASTERS (MAPS & IMAGES)

iTe UNIVERSITY OF TWENTE.

READ
GEOREFERENCING TOPOGRAPHIC MAPS: WHAT’S DIFFERENT?

= These are both scanned maps
= Both images are identical in geometry
= Upper: not georeferenced
= Pixel size, location is unknown
= Lower: with georeference

= Pixel size and location is known

= Upper only having image coordinates.
= Lower having image coordinates, Cartesian coordinates and global

coordinates.
= Georeferencing topographic maps is easy: the coordinate grid is

seen on the scanned image!!

iTe UNIVERSITY OF TWENTE.
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GEOREFERENCING OF IMAGES: WHAT'S DIFFERENT?

READ

0 FCCHM2_NG: MapColorComp2éLinear(mist(sp281002.3 g 5p25102 4 ngsp28u02 2 ng) 111 - IL.. [ 5 o)
Fie Bt Loyers Optons Help

DO A ORAR[BE @5 ]

[ Feci e n

= These are FCC images. (It can be any)

= Upper, not georeferenced and lower is
georeferenced.

= Georeferencing images is similar to georeferencing
maps, but...

= FCC’s are composed of different bands of identical i

N

geometry: the individual bands must be

georeferenced. There are methods to do all together.

= Georeference of images is more difficult: clear |
Ground Control Points (GCP) in the image need to
be found. No grid available!!,... no easy way to

collect GCP with assigned coordinates.

-
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READ
GR= POSITIONING A PIXEL IN A COORDINATE SYSTEM

In a GIS/RS package the user needs to impose of a referenced geometry.
= Images/maps without a georeference cannot be used for any kind of geometrical information in a GIS/RS system:
= No pixel size or scale possible... no location.
= Most GIS operations are not operational.
= Many RS operations are not possible.
= However, radiometric information in the raster is not affected.
= Georeferencing is the process executed over an image/map to assign to each pixel a real world coordinate.
= After georeferencing, GIS and RS operations are all possible

= In other words: georeferencing is the process of fixing a raster data set (2D or 3D) in a space with cartographic
coordinates.

UNIVERSITY OF TWENTE.

POINTS TO FIX A SHAPE IN SPACE.

READ

In a 2D plane, 3 points (minimum)

= After fixing 3 points (GCP’s), the “solid” mantle does not

move.
= The GCP points must be located in a plane: (X,Y)

= To avoid errors: the bigger the number of points, the

better.

In 3D, we require to fix the height of some points.
= The GCP points are then located in the space: (X, Y, Z)
= What can bring many X,Y,Z points in a GIS?: i.e. ADEM

iTe UNIVERSITY OF TWENTE.
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READ
WHEN HEIGHTS (THE “Z” COORDINATE) ARE IMPORTANT?

Map

Medium resolution image High resolution image

= When heights are neglected due to poor resolution of imagery or lack of
interest to our study: PERFORM a 2D (x,y) georeferencing.

= If heights are of interest to our study, look for a high resolution imagery

and PERFORM a 3D (x, y, z) georeferencing (limited in this course)
UNIVERSITY OF TWENTE.
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READ READ
GEOMETRIC ASPECTS OF IMAGE DATA GEOREFERENCING IN 2D

’_>Column

= 2D approaches: Solves X, Y (medium and coarse satellite imagery)
= Heights of objects are negligible
= Possible operations:
= Georeferencing: Allows location of points
= Geocoding (resampling): allows location and reorientation of points
= 3D approaches: Solves X, Y, Z (Aerial Photos and very high resolution satellite imagery)
= Heights of objects are essential
= Deals with relief displacement
= Possible operations after a 3D Georeferencing:
= Monoplotting

assarsen,_amamsn sEismsN, Gsae

Map: Geographic Coordinate g Image: Screen Coordinate
= Orthoimage production Challenge: = Wefinda relation between. (¢
[l Stereopk)tting « You need to have clear concepts > Pixel coordinates (Row, Column) inherent of the image.
of location and orientation? »  Map coordinates (a coordinate system for the Earth point where the pixel is x,y)
« Location (absolute position) = The distortion of the image as seen by the satellite is NOT CORRECTED, but the geographic
« Orientation (relative to) coordinate of every pixel will be acceptable.
1Te UNIVERSITY OF TWENTE. T UNIVERSITY OF TWENTE.
READ READ

GEOREFERENCING IN 2D INTRO TO GEOREFERENCE (2D)

= Georeferencing solves 2 problems:

» Assigns coordinates to pixels, via a model that solves the coordinate distortion.
» Distortions in a 2D images are produced by several causes but are treated altogether!!

= After Georeferencing it is possible to:

» Measure in the image

o (SR el !

Spatially combine vector and raster data (ANY GIS operation is possible

>
= - LARRELS » Compare and fuse images (software dependent)
Map: Geographic Coordinate Image: Screen Coordinate >

But to produce images in a certain map projection you need GEOCODING!!! (1 step more,
= We find a mathematical relation between. but easy)

»  Pixel coordinates (Row, Column) inherent of the image.

»  Map coordinates (a coordinate system for the Earth point where the pixel is x,y)

= The distortion of the image as seen by the satellite is NOT CORRECTED, but the
geographic coordinate of every pixel will be acceptable.

iTe UNIVERSIT Te UNIVERSITY OF TWENTE.
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READ READ
HOW A SENSOR AT 700 KM SEES EARTH (COARSE
CAUSES OF GEOMETRIC DISTORTION RESOLUTION)
= The perspective of the sensor optics (oblique viewing)
= The curvature and rotation of the earth.
= The terrain relief: Relief Displacement
= QOthers 2600 km
2582 km
» The motion of the scanning system.
* The motion and instability of the platform.
» The platform attitude, altitude and velocity. In this example: NOAA AVHRR image
2600 km width seen, Earth curvature creates distortion
Te UNIVERSITY OF TWENTE. Te UNIVERSITY OF TWENTE.
13 14
READ READ
GEOMETRY OF THE SATELLITE: COARSE RESOLUTION A HOME MADE SATELLITE
e
@I [ @ = ™ :
Grour:d I Grl;und',
sample sampl
size at NadirNocoordlnates Jzef)ffNadir ot
H ‘ ;—:reen b(:fo‘r)t; georefere:l:ing ‘‘‘‘‘‘‘‘
o, Yoo 770" 9000m >
S t *47 900 is is what you see on the 2 3 1 2 3
;sgo:v—k 210 ‘ ::reena?te:georeferenctiig dessdosalosalsl 1.1 desclosslosalusa .|
IFOV is constant. IFOV defines the sampling area (Ground Resolution Cell size) :‘ PI E ’
Depending on the viewing angle from nadir one “pixel” on the image represent
different areas on Earth.
Te UNIVERSITY OF TWENTE. Te UNIVERSITY OF TWENTE.
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READ READ
WHAT ARE THE COORDINATES OF A SINGLE PIXEL? PLOTTING IMAGE VS REAL COORDINATES
Real Close to Nadir
Off-Nadi Nadi Coordinates P——ml)
-Nadir adir bbb
72?'" ’’’’
s T .
-+ Close to Nadir: pseudo-linear relation
36{; i | between image and world coordinates
e dne pixel off-nédir represénts a bigg‘er‘art‘ea ‘tha‘n at nadir
0° 0°8 36° 33’ 36° 34’ 42" 1 [ Wi&er ra;ng;e: ‘po‘lynon"nial‘ rélat}oﬁ ‘
0° | | between image and world coordinates
: Image
5km 1 km ‘ [ I . ‘ : Coordinates
A A TCE . I
For images taken under an angle, the relation between Off-Nadir: right Pix Nadir Off-Nadir: left
— UNIVERSITY OF TWENTE. image coordinates and real coordinates is not linear!! — UNIVERSITY OF TWENTE.
17 18
READ READ
WHAT FOR MEDIUM TO HIGH RESOLUTION IMAGES? SO... WHAT IS GEOREFERENCING?
= We need to find the mathematical relation that starting from the IMAGE
= Moderate to Very small swath: 9
COORDINATES, gives the MAP COORDINATES.
= Landsat 185 km _ _ . - .
= NOTICE that this mathematical relation must solve the distortion model, but it does not
* IRS 146 km affect the pixel values read by the sensor, only gives good coordinates!!
= SPOT 117 km — - -
Planar distortion: Local areas (maps or images) i.e. cadastral scanned map.
Linear distortion High resolution images i.e. Landsat, Spot, etc.
- |k0n03 1 1 km Complex distortion Moderate to low resolution images i.e. MODIS, AVHRR, MSG, etc
» An almost Linear distortion stands for nadir and off-nadir pixels
= The relation between image and real coordinates can be handled Mathematical relation is
with an affine (or eventually polynomial degree 1) transformation. more complex as
resolution decreases
Maths complexity Image resolution
Te UNIVERSITY OF TWENTE. 1Te UNIVERSITY OF TWENTE.
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THE DISTORTION TYPE DECIDES THE MATHEMATICAL ="

RELATION i

= Image is evenly distorted — a linear transformation (conformal, affine) is applied (small FOV

images. i.e. Landsat).

= Image is unevenly distorted — higher order transformations (large FOV images. i.e. NOAA
AVHRR, MSG). e

Projective or
d

perspective

CONFORMAL TRANSFORMATION OF COORDINATES ““""

AFTER RICHARD KNIPPERS

= 2D Linear (or first-order) transformation that contains:

= rotation,

= auniform scale change,
= followed by a translation.

X'=s5Xcos(a) -5 Ysinfa) + ¥,

Y'=sXsinfa) +s Y cos(a) + yo

Conformal Affine F
Eiawe’ : = The rotation is defined by one rotation angle (a), and the
e - Sty 5o N ! “ scale change by one scale factor (s). The translation is i
- t D . @ @ N defined by two origin shift parameters (x,,y,) N I N R I
@ Rotation Transaton b A In the equations, (X,Y) represent the
Affine Second order Third order By T g @ A image coordinates and (X', Y’) the
e UNIVERSITY OF TWENTE. petynom! petinom! e UNIVERSITY OF TWENTE. Calculated world coordinates
21 22
Tes " POLYNOMIAL TRANSFORMATION OF COORDINATES ~ ““""
LINEAR OR AFFINE TRANSFORMATION OF COORDINATES
AFTER RICHARD KNIPPERS AFTER RICHARD KNIPPERS

= 2D Linear (or first-order) transformation that contains:

= rotation,
= ascale change in x- and y-direction,
= followed by a translation.

= The transformation function is expressed with 6 parameters: —fe

= one rotation angle (a),

= two scale factors, in “x” (s,) and in “y” (s,), and two origin shifts (x,, Y,)- s

X' =5, X cosfa) - s, Y sin{a) + xg

Y' =gy Xsinfa) + 5, Ycos(a) + y,

In the equations, (X,Y) represent the
image coordinates and (X, Y’) the

e UNIVERSITY OF TWENTE. Calculated world coordinates

= ltis a 2-D non-linear transformation containing
= A translation,
= arotationand a

= variable scale change.

= The transformation function can have an infinite number of

Distortion in an aerial
photograph. The coordinates
can be approximated with a
high order polynomial
equation.

terms. Normally no more than order 3.

X'=xg + agX+ ap¥+ agX¥ +a X+ a5V aghPy+ apX¥i+ agh+

In the equations, (X,Y) represent the
image coordinates and (X', Y’) the
Calculated world coordinates

V'= ygt by bo¥V+ baXY + byX?+ bsV2+ beX2¥+ brX Yo+ bghC+

iTe UNIVERSITY OF TWENTE.
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Aaci BN UNIVERSITY OF TWENTE.
GEOREFERENCE MODELS
GEOREFERENCING ON THE MAKING
HOW TO DO THIS IN PRACTICE (WITH THE SOFTWARE)
Conformal Affine Perspective n -Polynomial
(4 Parameters) (6 Parameters) (8 Parameters) > 12 Parameters)
Te UNIVERSITY OF TWENTE. axc  FACULTY OF GEO-INFORMATION SCIENCE AND EARTH OBSERVATION
25
READ READ
2D GEOREFERENCE: LEAST SQUARES ADJUSTMENT 2D APPROACHES: GEOREFERENCING: QUALITY CONTROL
Column (i) Source: geographical coordinates Measured o Modeled Difference
* Amap i i

12 3 4 P GeP| i j x| w] Ye | Vel d dy|

ngl 1 V1 et mage it georeforence 1] 254 68 958 | 155 958.552 154935  0.552 -0.065

(U] *y) 2 (149 | 22 | 936 | 151 || 934.576  150.401 || -1.424 -0.599

----------- ’ 3 40 132 916 | 176 | 917.732 177.087 | 1.732 | 1.087

4| 26| 269 | 923 | 206 || 921.835 204.966 | -1.165 -1.034

4 5| 193 228 954 | 189 | 954.146 189.459 | 0.146 | 0.459

; m, = lz“dxf m, = lz:dy,.2 M RMSE) = \Jm* +m,?
Image without georeference (0.0) x nig =
Im‘age Squrce = After entering a limited number of GCPs the transformation model can be calculated.
) Sir.lce (i.j) is knqwn for each = Entering more control points allows the estimation of errors!! This estimation is essential
Data to be collected In qonral point, the coordinate can = Errors are measured at the GCP’s and not at any place in the image!!
x=a +gb(i) +c()) be calculated = The accuracy of the georeference can be characterized based on this error, but strictly speaking, it
_ . ; applies only to the GCP’s. Therefore, it cannot be ensured that the same error applies for all points
y=d+e(i) +f(j) in the map!!
Te UNIVERSITY OF TWENTE. Te UNIVERSITY OF TWENTE.
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READ
PROCEDURE: IT IS A SEQUENCE [TO READ]

= Select appropriate transformation based on the image characteristics: (conformal, affine or
polynomial)

= Decide on a required accuracy for the georeferencing (RMSE).

= Process to calculate the transformation parameters
» Select ground control points

o Sufficient to solve the transformation equations and derive an error estimate. They should be
accurate and reliable

o Well distributed all over the image, covering inside & outside the work area
» Compute transformation (automatic)
= Assess GCP’s residual errors and overall RMSE
> If RMSE does not match requirements:
o Review all GCPs. Correct, adapt, change or reject.
o Very eventually: Review selected transformation

iTe UNIVERSITY OF TWENTE.

GCP DISTRIBUTION & ERROR

READ

Inix|

+ar Naan P

1st order
Transformation

More than
sufficient GCPs

| 5509 st st et [

Reference : flevo_topomap.img)
Fie Vew EGE Fep

w3 |§ & R@ W R Z B IEDnnn\F’mmEnm 103317 (1)03223 (Total) 05073

=lolx]

Point # ||_Point D Yinpu | >] Color | XRek. ¥ Ref.
(W[ 191751.239] 520108.077] Conkol

GCP A2 | 191190.788]

[N 152500622

[N 155275.503| 520132248

M| 136271 676| 515433273
—

191536.660| 513683242| Cont

Q

iTe UNIVERSITY OF TWENTE.
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READ
GCP DISTRIBUTION & ERROR
; 1st order
Transformation
Sufficient
distribution

File View Edt Help

® 3 @ & K S n AW ZT IEunUu\PumlEuw.P<]EIW39 102718 (Tota) 0.3282

[ Pointtt || PaintiD  [>[ Color | Rinput | ¥inout | >] Color | XRef. | YR Tupe | % Residual | Y Residual | RMS Enior | Contib. =
191761239 77]_Cortel X
GCP #1 Sea041] 409905 NN 19608+ 553] Cortral
GCP &5 71.082| NI 198577364 Contiol
GCP #7 z| M| 196271676 515433.273] Contiol
GEP B I 15153.250] 42| Cortel

IGEF’ EEIE Cortrol

iTe UNIVERSITY OF TWENTE.

[ Y

GCP DISTRIBUTION & ERROR

READ

i) x|

Al NGA L A

1st order
Transformation

Insufficient # of GCP’ to
determine RMSE

Poor distribution (on a
line)

Fie view Edt felp

® 3w & R@ B WK 2R IEunlmlemEnur X000 [Y)0.0000 (Tota) 0.0000

=1olx]

Poirt 8 | ointID > Color | XInput Yinput | 5] Color % Ref  Ref.
P 5 5183361
|| 196271 675| 515423273 Contral

1

3 [Gorar

3| _Gerus B[ 51538.850 513683.242| Contol
4 [ Tonol

23016
200,679

X Residual | ¥ Residual | AMS Error | ~

iTe UNIVERSITY OF TWENTE.
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READ
GCP DISTRIBUTION & ERROR

(=l |

P ity o e

=t+tax Naans # = w

1st order
Transformation

Insufficient # of
GCP’ to
determine
RMSE

|d. GCP Tool : (Input : flevo_b1_input.gcc) (Reference : flevo_bl_ref.gcc) =10l x|
Fle view Edit Help

W 3B NOu AW

2 IEunlmlmeErmr ) 0.0000 () 0.0000 (T otal) 0.0000

Point#t || PortiD > Color | XlInput ¥ Input X Ref. Y Ref X Residuzl | Y Residual | AMS Error |~
1 [ s T] 7657 381 ] Siea3aier] Convol | 0000 o] oon]
2| GOPwr = [ 423008 I 152208 416 513037.271] Conbol 0.000 0.000 0.000
3 GoPAe | [T ooogra] 443094 [N 191538.860| 613663.242] Convol 0,000 0000 000
4 GoPas > [ I> Control [
‘ »
e UNIVERSITY OF TWENTE. I

A

33

UNIVERSITY OF TWENTE.

GEOCODING

WHAT IT IS?
WHEN IS NEED IT?
HOW TO DO THIS?

axc  FACULTY OF GEO-INFORMATION SCIENCE AND EARTH OBSERVATION

S
—

05-Sep-22

S—

=
——

Se—

S

o=
SS

.5.‘. S
R
=

s

READ and Understand
GEOCODING PROCESS: WHAT IT IS?

Original imag:
P8ay

re WENIE.

IFOV remains constant

IFOV

No coordinates

iTe UNIVERSITY OF TWENTE.

0, 1000 3000 5000 8000 9000 m
1000 —» 4 k4 <«— 1000
2000 —» < 200(
P1 Pi Pm

Ground Ground
sample sample
size at Nadir

size off Nadir

P1 Pi Pn
g 1000 7700 9000m
100 »Hﬁ 900
000 —» -« 2100-
P1 pi Pn

=

This is what the sensor
sees at the ground

This is what you see on the
screen before georeferencing

This is what you see on the
screen after georeferencing

This is what you see on the
screen after 1000 m
geocoding

35
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READ READ
Grid overlay Matching our projection
= Geocoding Is the “Frame” of our geocoded image
= Georeference + Resampling
= The process allows
= Select a new output coordinate/projection (any)
= Define the new cell size
= Define a new subset area of the map
= Makes images North oriented & compatible with toposheets. Resampling
= Disadvantage
= The original geometry seen by the satellite changes
= The original pixel needs to be shifted, so a new DN value needs to be
calculated (resampling process) Corrected image
= DN value changes based on the resampling method
e UNIVERSITY OF TWENTE. e UNIVERSITY OF T
37 38
READ READ
WHAT IS RESAMPLING? NEAREST NEIGHBOUR RESAMPLING
4 Center pflxels for the . /T~ = Geocoded pixel (black) adopts ,A.‘ ,"' }"’ _/' '-,‘ 0,"' i‘.w.
georeferenced image R “7& 7,\ el e the value of the closest Vi ";"'_‘,: h ,«"k 1A A
4 PO sl IV A
‘ 4 7{:}{7\ georeferenced pixel (red) A S "A ’,Q‘/ :".". e i
. L J », L} " g 4 v\’ R Y e 1y o (%4
la i % S | 9
@ Center pixels for the 4 7 = “Preserve’ radiometry (DN) orthe ¥ /A ,.": +— 4 A ,.o".,
[ 4 VALY S ¥ |
geocoded image. /@ 70‘K *d M ]2\ original value of the closest pixel VS '.":/A»,"‘-‘ ". ¥ 78
| A A SN x" 0
\$Z4o 4 <° \¢4o * Image becomes somehow NSALSY Y VA A '/\'
Resampling: Method T “blocky” (not much) A VIR R
< o4 /o < ® Wy ”"I‘n So i 3""
chosen by the user and 4 4 R ol S A T
. ~7 < | l);‘ s :(' A? v I B
assigns new DN values e | \Q[ <~ \Gy/ L4 NA Y i
to the geocoded pixels. ~ . "y«"' A 4 A ¥
TN A A <0 20
e UNIVERSITY OF TWENTE. e UNIVERSITY OF TWENTE.
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BI-LINEAR RESAMPLING

READ

= Geocoded pixel value is a

weighted linear calculation from

READ
BI-CUBIC RESAMPLING: (GRAPHICAL EXPLANATION)

= Takes 16 closest pixels from the

one to be resampled. Nearest Neighbour

A_": _-? "‘A »“ H p . From thg celnter gf these pix'els a -
the 4 closest pixe| values of the s Y ’." ‘\ d f ‘."\oi o vertical line is built with a height Bilinear Interpolation
& A X/ i : i ) A A equivalent to the DN value of the m-u
georeferenced image. SAY /'.o’ ¥ ‘,.;), ‘,./ H original pixel H
TS \‘-’«ﬁ/A» 4 i ‘o <~. 24 *  In groups of 4 (1-5-9-13; 2-6-10-14; Cubic Convolution
= Weight ~ 1/d 4 -y Rl o d e i etc), it creates 4 cubic polynomials l
9 ‘."’ A ',0"“‘- 3 / b4 D A‘ o A ‘,0’:': (black Curves j———— s .+-+.
= Distorted radiometry but smooth 4 K 1o NA 7 ;‘, |/ ’,." ". = From the central position “P” of the
y ",o' 3‘/ X )‘/ 4t o 1 newly geocoded image, a
changes. s M8 o L @ | ! perpendicular is built till it reaches
',\:‘ Py / *‘.7\ Al A A T the polynomial curve passing over
“‘ v ‘,“‘ - < - s i ‘," the interpolation point (red line)
1o A P 1 N 17 = Interpolated value is obtained as
* < : e - the length of this raised line.
e UNIVERSITY OF TWENTE. Challenge: Not advisable for DEM ... Why? e UNIVERSITY OF TWENTE.
41 42
READ
UNIVERSITY OF TWENTE. 1
RESAMPLING METHODS: HOW VISUALLY APPEARS? / '/é\,‘.'
%l
9 \ il
= Nearest neighbor (NN) I @ ,‘”
s - 3 0
= Maintains original DN values 2 /i
= Good for Quantitative RS (e.g Image
Classification) and thematic images z-
- o @
* Results in jagged edges g3 INTRODUCTION TO 3D GEOREFERENCING
- . . en
= Bilinear interpolation (BIL) = GABRIEL PARODI
= Smoothed look -
= Bicubic (BIC) % o
= Edges look enhanced, might be shifted % §
g "
= BIL and BIC good for scanned maps! o}
2o
L
£ g
re UNIVERSITY OF TWENTE. g axc  FACULTY OF GEO-INFORMATION SCIENCE AND EARTH OBSERVATION
43
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3D GEOREF: VERY HIGH RESOLUTION OR WHEN HEIGHTS
ARE RELEVANT

= Necessary when:
= 3D data (X, y, z) is needed.
= 2D data is needed but the relief causes errors beyond requirements.

= Requirements:

= It requires transformation of image coordinates to (X,Y,Z). The reverse process
is also possible.

= What data we need as input?
= The original image as planar information (as in 2D) +
= Height information (for the Z coordinates): DEM

DSM AND DTM (DEM)

DTM
Digital Terrain Relief Mogsl

= DSM: Digital surface model
= DTM Digital Terrain (relief) model
= DEM: Digital Model for raster representations

e UNIVERSITY OF TWENTE. e UNIVERSITY OF TWENTE.
45 46
Information READ
SCHEMA OF 3-D RELIEF DISTORTIONS FOR DIFFERENT
DSM ACQUISITION SENSOR PERSPECTIVES

T L. Vertical AP, Frame camera or
= Digitising/vectorising 1 "
= Central projection: ray light passes through a ; Be
= Stereo models . e ,, | L ur
single point : “projection center 3 e
= Radar Interferometry (INSAR) « Allin one shot - ///,,,3 .
= Laser Scanning/ LIDAR (airborne) Flight lines \ Forward scan
3 e .-
Line camera, scanner fj \ J p E.
= Pixels read line by line | L Ps

= Continuous scan process Ti e

Nadir ! i 5

scan d .

e UNIVERSITY OF TWENTE. e UNIVERSITY OF TWENTE. Backward scan  r

47 48
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AERIAL PHOTOGRAPHY: GEOMETRY CAMERA READ 3D APPROACH: INTERIOR ORIENTATION. INDIVIDUAL """
ORIENTATION PHOTOS

Aerial sensor
(film or area CCD)

Eustasius

June 1952

To correct a 3D image for distortion, heights need to be measured

Purpose: to obtain the parameter values from transforming the terrain coordinates (x,y,z) to image
coordinates and vice versa.

= We base this process in the image co-linearity:
A point in the terrain passes through a projection center onto the film/array.

Ar
“C” is the focal distance (constant for a camera) cT: /" row
solving triangles 11, A:/,
Ar=r-h/H Interior orientation: position of the projection
_ NTT center with respect to the image: Image
h=Ar.H/r Coordinate System.
So the heights “h” are calculated E o . . -
ach pixel in the image is measured in “cm” or
“AR" pix_el_s with respect to an or_thqgonal pair of axis.
= However the location of every pixel needs still to be found. To do that the image has to be oriented. Origin Comd. als{.) be the principal point. )
The orientation of a single image is done after interior and exterior orientation process Scanned photo * Camera calibration report states the location of
9 9 P . the principal point and the principal distance
@ Fiducial marks
T UNIVERSITY OF TWENTE. iTe UNIVERSITY OF TWENTE.
49 50
3D APPROACH: EXTERIOR ORIENTATION INDIVIDUAL READ
»
%’ |\ = Determines the position and orientation of the
LS projection center with respect to the terrain
(location (x,y,z) and orientation (w, W, K)
e = Exterior orientation solved by RPC (rational
— ; - polynomial coefficients), modern
- sensors/cameras. If not available, then:
> Indirect camera orientation (GCP’s) = Stereo pairs are overlapping photographs.
» Direct camera orientation (GPS and IMU) = Conjugate points are found in overlap area of the photo
» Integrated camera orientation (combination = Relationship between the two Image Coordinate Systems
of the two) = Instead of doing two independent exterior orientations, first a relative orientation of the two
images can be done, followed by an absolute orientation of the pair to the terrain
coordinate system
= This process is nowadays automatic creating CLOUD POINTS. (Advance topics)
T UNIVERSITY OF TWENTE. iTe UNIVERSITY OF TWENTE.
51 52
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READ
ABSOLUTE ORIENTATION

= Follows relative orientation and defines the relationship between
the stereo model and the terrain

B,

(U,v,w),

READ
CORRECTION OF RELIEF DISPLACEMENT

= |f relief prevents to derive accurate planimetric coordinates for a photo, then relief needs
to be considered and corrected

= a DTMis required to correct for relief displacement on a single photograph
= After the geometry of this correction is built, then 2 mapping techniques become available
= digital monoplotting

» Allows direct conversion between the measured image coordinates on the photo to
terrain (real world) coordinates

= production of orthophotos or orthoimages
» the photograph is scanned to provide a digital image
» the pixels are transformed and resampled
» An orthographically corrected map is obtained after this process

@.’ (U,V,W), (U,v,w),
Te UNIVERSITY OF TWENTE. Te UNIVERSITY OF TWENTE.
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READ READ
perspective center
= Monoplotting is a procedure applied to a single raw aerial image that allows to get
n
corrected real 3D coordinates from direct digitizing on the raw photo. L X
= The required datasets are: a DTM and an aerial image with its orientation parameters or z X
a georeferenced orthoimage respectively. « Digitize directly on the oy
= No resampling is done! So image remain distorted but the digitised features have the photograph
correct coordinate. » Avector that is produced is
already orthographically
!E cround ctonw Digtal terrain model corrected
2 points
\&
c 7
by A A
e L e UNIVERSITY OF TWENTE. - e =
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ORTHOPHOTO/ORTHOIMAGE

READ

= Orthoimage delivers only (X,Y) coordinates!

LRy

On the original image the map grid

Geometrically correct

READ

+ flight height

= control point’

« height of control point
tH-He

,|m g °F

2
S

1 principal points on a pair of sterco photos
+ transferred points from each principal point of the photos
: principal distance:

3l

+ distance between at point ¢ on a pair of stereo photos

e

: distance between at point a on a pair of siereo photos
panallax stpointc: P =T, -7 65
parallax distance between pointa & c: AP =¢c3-ay @y

t N C ;

x

— Parallax allows obuained height : = H. AP / (P+4P)
measurements of heights

is distorted orthoimage .
when Ar is very small
re UNIVERSITY OF TWENTE. e UNIVERSITY OF TWENTE.
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