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A central task of photogrammetry

* Input: several images of an
object

i, The Problem i
n
n
n
n
+ Output: computer model of "
object
Use
+ Digital elevation model for
topgraphic maps
» Computer model of new
carossery model
* Documentation of cultural

inheritage
» Computer models for special
effects in films http://homes.esat.kuleuven.be/~cstrecha/demos/3d/
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If Peter and Paul‘s Kathedral
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ifi Subtasks

!

1. Orientation
Where was the camera during exposure of images?

2. Surface Reconstruction
What is the form of the surface?
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If Automation in image analysis

Why automation?
* It is possible (cf. this talk)
* |t is done (cf. automatic aerial triangulation)

* It is useful (cost savings)
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ifiu What means Automatic image orientation? WY

Task

» Given: digital images

* Determine: 6 parameters per camera
(three coordinates for the projection centre,
Three angles for the rotation matrix)

Conditions

* No manual point mensuration
* No manual interaction

* No final editing
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Why is it difficult?
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« What is an image for a computer? A dull image.
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Why is it difficult?

orientation parameters from?
- 6 parameters, no a priori information
- in contrast to aerial photogrammetry

» How to find points in an image?
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Automatic orientation

* Where do we get approximate values for the

* How to find the same point in another image?
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Point identification ...

Point?
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The classical procedure

Identify distinct points in one image
Operator: good points to measure, experience
Measure the image coordinates
Operator:
measuring mark in high precision instruments (analog
images)
computer mouse (digital or digitized images)
Transfer these points into the other images
Operator: using stereo vision capabilities or visual memory
Provide approximate values for the orientation
Standard geometry, GPS, ,Camera man’, or ...
Linearize the collinearity equation
Computer
Perform an adjustment
Computer
Evaluate Result
Operator: requires experience
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ifigg Problems for automating orientation

» Arbitrary orientation

rotation, distance, perspective distortion

+ Wrong matches

Matching procedures are not perfect 2>
Large percentage of gross errors (up to 80 %)

Wolfgang Forstner 19. March 2008 Automatic orientation




Finding points

Bright and dark spots

— Position in the image £

— Diameter of spots ;
(Scale)

— Set of blurred images

For each image
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ifigg Point transfer: image matching

Compare image content
— For each image pair
— Take rotation and scale differences into account

2= T | 20
AEINN F é 16
o 16
k| T u ,
— L s ::IE ; ';
] Il al il 7
Image gradients Keypoint descriptor

— 128 characteristic features (Lowe 2004)
— Compare features
- list of possibly correct matches
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Relative orientations

For each image pair:

— Determine relative orientation (5 parameters)
Rotation (3) + direction of translation (2)

— Take outliers into account (up to 80 %)

Method: Random sample consensus (RANSAC)
1. Select 5 matches
2. Determine 5 parameters
direct solution (Nister 2003)
from coplanarity equation
1. Try to confim by other matches
2. Otherwise goto 1.

Fast, robust €< - may fail
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RANSAC: line fitting

Good points
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o RANSAC: line fitting

All points
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RANSAC: line fitting
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RANSAC: line fitting
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RANSAC: line fitting
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RANSAC: line fitting
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i, Number of trials i

Probability of success (e. g. 99 %) :
Error rate € (e. g. 50 %) =
Number n of constraints (here 5) :
n\g | 20 30 40 50 60 70 80 =
........................................................................................................
2 | 5 7 10 (16) 26 49 113
3 | 6 11 19 34 70 168 573
4 | 9 17 33 71 178 566 2876
5 | 12 25 57 145 447 1893 14389
6 | 15 37 96 292 1122 6315 71953
7 | 20 54 162 587 2808 21055 359777
8 | 25 78 272 1177 7025 70188 1798892
- Direct solution with minimum number of points (5 here)
useful
> Reduce error rate
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If Direct solution for relative orientation ...

+ Coplanarity constraint with basis b= 27,2, -
X' b A%"] = x"-bx (AT x") = xXTS(h) FFx* = xXTEx"=0 =
with skew matrix S(b) ?(’(’\ ?C"")

S(b) = { boﬂ _52 ff;'] TR
Liby by 0 J \\ /'
P

* Observe 5 pairs (x‘,x*) > solve for elements of E
Solution by Nister 2003
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ifiu Direct 5-point solution for relative orienation WY

« Coplanarity constraint for essential 3 x 3-matrix E

xm EX! =0  m=12345

3-fold underdetermined, as only 5 constraints for
8 unknowns

E=uE, +vEs + wEz + E4
E, from SVD of a linear equation system
» 10 cubic constrantis from properties of E

E[=0 %tr(EET)E —EE'E=0

Reducable to 10 x 10 eigenvalue problem for
monoms in u, v, wup to 2. degree
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Properties

* Number of soultions: 2-10
(10 solutions: 2 out of 107)

0.067, 0.287 ]« [ 0.320,1.207 |
0.254, 0.0646] — [ 0.523, 1.0807]
0.230, —0.213 ] — [ 0.517,0.645 ]
0.710, —0.693 ] — [—0.141,0.157 |
0.661, —0.307 ] — [ 0.950,0.773 |

[
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o 1 2 = 4 5 B 7T 8 9 10

« Integration into RANSAC A K —

simple 2\// \jT:‘.iljj"’
« Partitioning of E = S(b) AT N ®
via SVD of E < -\
mathematically: four solutions o /-~ e

physically: unique

'
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#.. Complete procedure (1/2) i

Input images

Y

Calculate Lowe points
(with descriptor)

Matching

additional image pair available

Y

Pairs of corresponding points for every image pair
T
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If Complete procedure (2/2)

n

v [

n

(Relative orientation with RANSAC -
[ ]

n

n

additional image pair with enough
_____ i c_orr_e?fo_nd_msl DEII"I[S available
| n relative orientations | | Cleaned list of point pairs |

Test image triplets

(Generate input for bundle adjustment)

Y

(Bundle block adjustmenD
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:fiu Check on triplets: closure

» Scale transfer
b1, + Az bo3 +23 b3 =0
» Constraints
3 relative orientations: 15 parameters
relative orientation of triplet: 11 Parameter
9

4 constraints
- Rotations (3 constraints):

Rio Roz R31 =13
- Translations (1 constraint):
| by, bo3 bs; | =0
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Ha

Check of triplet: intersection (1/2)

Intersection of rays

— 6 observed image coordinates
— 3 unknown coordinates
— = 3 constraints

Exploit geometry of triplet

— 2 coplanarity constraints

x“ E,x"=0  x" E,p,x"'=0

(third is linear dependent in case of collinear projection centres)
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e

Check of triplet: intersection (2/2) ...

— 1 trifocal condition (necessary)

| Ao Alo“AIo“AIp‘ I= 11" Pl 1" PsT ™ PsTI™ | =0
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If Peter and Paul‘s Kathedral

jav
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:figg ... rotation invariant
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... scale invariant
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:fiu ... many images i
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Results: Rostock, a real case
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Rostock: oblique imag
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Entrance of Union Club Hotel
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Connection graph

u
initial after cleaning for outliers =
u
1
15 e 2 m.ax no.conn.: 632
== -n_‘.—""\ min. no.conn.: 38
M TSNy
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Closing

Result .

» Access of computer to images allows full .
automation -

» Automation of image orientation is possible

Extensions

* Increase efficiency

Report weak configurations
Uncalibrated cameras

Images with weak texture (use lines)
Autonomous calibration without targets
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