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The COSI-Corr software [2] needs a set of not necessarily very accurate, but robust tie-points to initiate its calculations. There are many algorithms that automatically extract features from images, but all the approximately mapped by an affine transform. We use here the matches given by Lowe's famous SIFT [1] method, and we are able to automatically detect correct matches up to a proportion of 90% of
matching techniques are made for very similar scenes. We developed an algorithm that decides, given a set of matches between two images, which matches follow the same affine model, even when drastic outliers, while accepting rigorously no outliers. Any other set of matches can be used as entry of the algorithm, and it would be simple to extend it to a more complicated transform model (e.g. a
changes happened between the scenes and when the proportion of mismatches is very important. The Affine Parameters Estimation by Random Sampling (APERS) assumes that the two images are homography) as the computation time is linear in the dimension of the estimated mapping. The largest improvement compared to similar algorithms such as ORSA [3] is that outliers are never accepted,

even when the proportion of mismatches is huge.

These figures represent how the difficulty to estimate a
coefficient rises with proportion of outliers. The more there
are outliers, the wider the points are spread compared to
the expected variance. It leads to a reduction of the
«mode score», witch is the empirical probability for one of
the 120 points to be three times the variance away from
the mode, and make us able to detect if an experiment is
meaningful or not. G T
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inside that interval. We systematically discard experiment
with strictly less than 4 neighbours, as one meaningful ex-
periment must include at least 4 good matches that will
give 4 triplets with similar result.

a~N (& x) . Inside an experiment, for every coeffi-
cient, we use the average variance of all triplets for
the kernel method, then we replace the coefficient
value by the mode of the produced distribution to

re-estimate the variance.

it is meaningfull if
P(belong to the mode neighborhood) > thresh

More than
Nmin matches
correctly
predicted ?

2000 2000

No

Nmin quickly decreases
during the first loops,
from 100% down to
10%, then stays at 10%.

Parameters
meaningful ?

36 outliers detected among 130 matches Slave image and good matched interest points Master image and good matched interest points

San Andreas fault, California, USA
shaded LIDAR DEM 50cm, aerial
photo 1m both downsampled at
12%.

From left to right : The slave and

_ ) — . master images with good (green)
Store parameters Tie-points prediction References: and bad (red) matches, Slave
via estimated affine

Complete image matching procedure Theoretical results Application to remote sensing imagery
MaSter IntereSt pOintS APERS benChmark 71 outliers detected among 360 matches Slave image and good matched interest points Master image and good matched interest points
imaage detection \ ________________________ 400 Pakistan glacier, SPOT 4 10m sub- g 5 e O E A A .t LS o X
' ' Proportion of identified inliers sampled at 12% 100 100
| | ] 100
| | T 1 P From left to right : The slave and |
i i master images with good (green)
i i and bad (red) matches, Slave
laster = A - lsave + D SIFT Featu.re — APERS = RObUSt 0.80.8 | 300 image a_nd good matches location,
matCh|ng i i t|e_po|nts Mast_er image and good matches
| | 0606 L location.
200 360 matches, 71 outliers (20 %),
s el e —-———— e e e Al 0
Slave Interest points| # . . 0404 | 289 Inliers (50%)
. =) . 0.65-ratio matching
Image detection 0505
Tl 100
0 0 Proportion of retained outliers
Computation time (sec)
APERS fIOWChart 4 0 900
1 1 1 1 1 1 1 1 1 1000 -IOOO
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 o0 E—— o ———
N Unrellable OUﬂIeI’S prOpOrtIOn Master image and good matched interest points
matches El M ith whit K
Performances of APERS for different proportion of outliers. Each experiment consists in generating 512 slave the aasizznaerg -afa\:Jvllt |O\éva;i§nr?§ Zvc?ig oo , -
points randomly, following a uniform distribution in a 1024x1024 pixel square. We then randomly create an affine matches that would distort COSI- 2007
transform and compute the 512 images of the 512 slave points. We then change a proportion of the matches, Corr calculations, SPOT 5 2.5m
reassigning them randomly in order to simulate mismatches. We finally add a one pixel standard deviation gaus- subsampled at 7%.
: sian noise to all matches. We proceeded to 11 sets of 50 experiments, each set corresponds to a different pro- From left to right : The slave and
\ AdJUSt ;hlr\leSh'OOPS portion of outliers. master images with good (green)
The smaller O dNQ Nmax The full curves represent the performances of the algorithm, averaged over 50 experiments. Note than every and bad (red) maiches, Slave
Select M matches M=10-15 Nrmin 1S, the outlier was systematically filtered. image and good matches location,
at random smaller Nmax Master image and good matches
and threshioops | Th location.
e kernel method
are
Number Of YeS Empty I xmlﬂ Nooutlielrs. Real value —8.03|23, expected varianclze 0.025076, modeslcore:0.99993, numPerofneighboors:1l19
loops > treshicops ? | el :
. : stored parameters s |
Compute all possible |2 :
ff' tp f p M " . . ’ :8.IO5 —Eli —7!95 —7I.9 —7.I85 —7I.8 -1.75 i
affine transiorms among triplets Expected variance calculation |
a” tie—pOintS triplets 3 I 50%olfoutliers. Relalvalue:—1.l1706mode :I—1.1636,exPectedvarice0.14383||\/Iodescore :|0.71021,nulmberofneigrboors:21 | 1800
W " | 0.03 | i 2000 ‘ ,, | o AN 2000
e WrIte . 0.02 - i 500 3500 500 1500 500 2000
0.01 | _
NO A Xj X? Xzo, XJ:: XE: XE;: erz:: )(321 X?r: : -1(I)0w -8I0 -66 W-4L0w -2I0 - 40 o 66 W 86 W 160 134 outliers detected among 756 matches Slave image and good matched interest points Master image and good matched interest points
F a I I I u re 11 12 13 | 1 | 2 1 2 3 1 3 80% of outliers. Real value : -6.2574 mode : 0.070523, expected variance 0.00721 Mode score : 0.021535, number of neighboors : 1 Darfleld’ NeW Zea!)and SPOT 4 10m
Independent kernel pdf | e e L st 1 | | subsampled at 30%. 200 (S 200 B 200
: : a c ty | oo ] From left to right : The slave and
estimation of each Yes and A=|b d t,| Wherethe dashed elements 001 1 | master images with good (green)
affine parameters Number of 0 0 1 I A R and bad (red) matches, Slave
? 15 -1 0.5 0 0.5 1 15 2 image and good matches location,
|OOpS > Ninax t NOi d tilted el t i | Master irr?age an ;ohod :natcfhes
represent noise and tilted elements are approxima- : _
tion due to the noise. If we consider the noise fol- | ZO?T\ on the resutlt ;);;t)hte | klertnel _Ir_nhetr;ﬁd aa_plled toa 10- location.
lows a gaussian distribution, we can estimate the | ma 3 tegpf?rlmetn ( rt.rlpefs). i © :eetlggretts cor(r)eo}s.- 756 matches. 134 outl 189,
Success probability density of every coefficient of the affine pond to dirierent proportion ot Outliers (top to bottom, 0%, mate eS’o outliers (18%),
. transf iri | 50% and 80% of outliers). 622 inliers (82%)
Detect each parameter mode and decide ransform matrix, e.g. |
|
|
|
|
|
|
|
|
|

100 100

100 fLgt)

image and good matches location,

[1] D. G. Lowe. “Distinctive image features from scale-invariant keypoints”. Int. J. Comput. Vision, 60(2) :91-110, 2004. Master image and good matches ]
transform location.

[2] S. Leprince, S. Barbot, F. Ayoub and J. P. Avouac, "Automatic and Precise Ortho-rectification, Coregistration, and _ . |

Subpixel Correlation of Satellite Images, Application to Ground Deformation Measurements" IEEE Transactions on 130 matches, 36 outliers (28%), 94

No

Geoscience and Remote Sensing, Vol.45, No.6, June 2007. inliers (72%)

[3] L. Moisan and B. Stival. “A probabilistic criterion to detect rigid point matches between two images and estimate the
fundamental matrix”. International Journal of Computer Vision, 57(3) :201-218, 2004.

Number o
loops multiple
of 10 ?

Independant estimation of parameter
mode and variance via kernel method 500

800

L RN
bl AV
[ o
X R if v
g o W ;
ki e
j f i gl i | !
4 ar: \
1ol B |
| i - i
i 4 ' A
i (78 vl ), 600
, h
\ At I
¥ A i J |
A N | (S I -
! ¢ 'd oy
£ P ! Bl B
[*5&e { LR Sy i ;
r O |4
f 4 ﬁ. J f i : ¢ " 4
| Lk

Thanks to the Gordon and Betty Moore Foundation for their support on this poster 500 e 2500




