


hi t f th l l di t f histogram of the local gradient for 
each exemplar. (40x40 pixels patch )

 Main direction of car is associated to 
maximum in the histogram.

 For avoiding errors associated to the 
low angular resolution:

- - rotate patch (15° increment)
- -compute histogram
- - keep the highest peaks in the 12 

histograms as the car orientationA 40x60rectangleis associated at each histograms as the car orientation.A 40x60 rectangle is associated at each 
exemplar with the defined direction



li i l ifi iI. Localisation et classification
 Local descriptor, Scale Invariant Feature Transform (SIFT),               

a signature for car detection.g
 Training step
 Classification of SIFT feature with Support Vector Machines (SVM)

II. Post-processing
 Cluster SIFT Keypoints with a car label by using a modifiedyp y g

Affinity Propagation
 Determine the car orientation 
 M d bl lti l hitti Merge double or multiple hitting



 Only on exemplars in 20x60 rectangle.
 detect one car

C l ll i i l Consequently, all remaining exemplars 
belong to cars which have at less two 
exemplars.



 a weight for each candidate
 the number of neighbors into the 

20x60 rectangle.

Rule 1:
Two neighboring exemplars are 
grouped together if one of them havegrouped together if one of them have 
a smaller weight.

Rule 2 :Rule 2 :
we paired the remaining exemplars 
with the same weight.



 At the end of the entire process we detected correctly 100 cars for a At the end of the entire process, we detected correctly 100 cars for a 
total of 105 cars in the parking lot.

 There is no false alarm. The accuracy is 95.23% for the illustrated image.There is no false alarm. The accuracy is  95.23% for the illustrated image.

 Two cars are definitively missed in the parking lot because there is no red 
point on them.p

 We also eliminated 3 clusters that contained only one exemplar 
correpond to three cars.

 By using the hypothesis validation, we can recover missing cars



 Feature-based approach : An alternative approach to the car detection  pp pp
(11.2 cm/pixel)

 Combination of Scale Invariant Feature Transform (SIFT) keypoints and 
Support Vector Machine (SVM) 
 classify SIFT features associated to car and non-car signature. 

Affinit propagation algorithm ith spatial constraint + nonlinear Affinity propagation algorithm with spatial constraint + nonlinear 
similarity measure
 Cluster SIFT keypoints into subsets which are associated to cars. 

 Results are promising and show that it is possible to detect cars without 
using explicit car model and considerations about the appearance.

 Hypothesis validation: use appearance consideration is also possible



Questions ?



Two situationsTwo  situations
No red keypoints on cars.
Visual aspect of the car is very distorted
Car is definitively lost with our feature-based approach.y pp

 There exists only one Red keypoint on car.



N li i ht f Nonlinear weight for 
avoiding oscillation of 
the clustering caused bythe clustering caused by 
ambiguity situations: 

2 42 4
max( , ) ( 2)( , ) s i k Ds i k ←



Two situationsTwo  situations
No red keypoints on cars.
Visual aspect of the car is very distorted
Car is definitively lost with our feature-based approach.y pp

 There exists only one Red keypoint on car.





After the convergence, availabilities and 
responsibilities are combined to identify 

l F i t i it diexemplars. For point i, its corresponding
exemplar is obtained as:



 Create 16 gradient histograms (8 bins) 
 Weighted by magnitude and Gaussian window ( σ is half the window g g

size)
 Histogram and gradient values are interpolated and smoothed



• At this step, for each cluster, a validation can be done based on 
id ti Zh d N ti * l ifi d th i fappearance considerations. Zhao and Nevatia * classified the main four 

factors that help humans for car detection with visual appearance 
consideration:  (INTRODUIRE LE PAPIER SUIVANT)
1. rectangular shape 

P f f t l d/ i d2. Presence of frontal and/or rear windows
3. Car shadow when it exists 
4. Immediate environment surrounding the car

Th t i t th ti l t i d li• The constraint on the spatial extension and nonlinear measures 
guaranteed that no cluster cross over multiple cars multiple hitting.

• For each cluster, the four factors can be used to validate the presence of 
cars into the imagemerge m ltiple hitting and increase confidencecars into the image merge multiple hitting and increase confidence 
score with the validation process.

* Zhao, T. and Nevatia, R., "Car detection in low resolution aerial image," International 
Conference on Computer Vision (ICCV), (1), 710-717 (2001).


