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for Fine-grained Vehicle Classification”, IEEE Transactions on Intelligent
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<annotation>
<size>
<width>580</width>
<height>463</height>
<depth>3</depth>
</size>
<object>
<class>pride_131</class>
<classindex>1</classindex>
<pose>Frontal</pose>
<difficult>0</difficult>
<truncated>0</truncated>
<bndbox>
<xmin>100</xmin>
<ymin>100</ymin>
<xmax>480</xmax>
<ymax>363</ymax>
</bndbox>
<part>
<name>numberplate</name>
<bndbox>
<xmin>231</xmin>
<ymin>288</ymin>
<xmax>340</xmax>
<ymax>303</ymax>
</bndbox>
</part>
</object>
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Ehicle Box Marker By Mohsen Biglari @2014-2016 - v3.0.65 = ] X
Current Car Properties None

Pride 131
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Pride Truck
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Function negSmall = Datamining1 (M)
pos: positive samples (vehicle class c)
1. neg: arandom subset of NV (neg € NV)
2.negSmall: a random subset of neg (negSmall € neg)
for dm = 1:dmlterations
3. Train(c) with {pos, negSmall}
4. Update negSmall:
for V(easy sample X inneg)  negSmall = negSmall — X
for V(hard sample X in neg) negSmall = negSmall U X
end
end
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Function negSmall = Datamining2 (M)
pos: positive samples (vehicle class c)
1. neg: a K-distributed subset of V (neg € V)
for V(negative class nc) pick K samples {X;, X5, ..., Xk} from V (X; € nc)
2.negSmall: a L-distributed subset of neg (negSmall € neg)
for dm = 1:dmlterations
3. Train(c) with {pos, negSmall}
4. Update negSmall:
for V(easy sample X inneg)  negSmall = negSmall — X
for V(hard sample X inneg)  negSmall = negSmall U X
end
end
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Function M. = Train(Class c)
Fp: [O]Rlsz l:parts = {[0]P1XP2}1xM Sparts = {[0]1x3, [0]1xa}1xm
pos: positive samples (vehicle class c)
neg: a random subset of negative non-vehicle samples (neg € NV)
vehNeg: a K-distributed subset of negative vehicle samples (vehNeg S V)
1. Training(F,, pos, neg, 1, SVM)
2. Training(F;, pos, a L-distributed subset of vehNeg, 15, SVM)
3. Initialize parts filters (Fpars) and positions (Sparts) using Fy
M, = {Fr' Fparts' Sparts}
4. Training(M,, pos, a L-distributed subset of vehNeg, 80, LSVM)
5. Training(M,, pos, vehNeg, 5, LSVM)
end
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Function M. = Training(Model M, posSet, negSet, nlterations, algorithm)
My_niterations = {Mc - M}
lossy = o
for i = 1: nlterations
negs: data mining hard negatives by M,
M;: Train M. with {posSet, negs} using algorithm procedure
lossgm = compute hinge loss on negs
if (loss;_; —loss;) < €
Mhiterations = Mi
break
end
loss;_; = loss;
end

M. = Mpterations
end
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Function P = FindPartsAnchor(F,., %)
n : number of parts, S: fixed size of parts
P:0
fori=1:n

sims :[o0]x|F,,|
forr, of size S € F,.
sims[r.] = Similarity(,, F;.,)
end
7. = find r so that mrin sims|r]
P=PUr.
end
end
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Function D = cascadeDetection(t,, t], t,, t5, ..., tx, ty, T)
D: @
for vV (x,y) in all locations and scales of the image
score = m.(X,y)
fori=1:N
if score < t; break
p = —00
for V (dxp;, dyp;) in root window
if (score — dp;. (dxp;, dypi)) <t{  continue
p = max(p, Scorep; (X, y, dXpj, dypi))

end
score = score + p
end
ifscore > T D=DuU(xy)
end
end
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Abstract

In fine-grained recognition, the main category of the object is known and the goal is to
determine the subcategory or fine-grained category. Vehicle Make and Model Recognition
(VMMR) is a hard fine-grained classification problem, due to the large number of classes,
substantial inner-class and small inter-class distance. Vehicle analysis is widely used in
various applications such as intelligent traffic and transport systems, intelligent parking,
automatic toll collection and number-plate forgery detection.

In this paper, a novel approach has been proposed for VMMR which tries to overcome the
existing challenges. This approach automatically finds a set of discriminative parts for each
class of vehicles. To obtain a powerful classifier, the proposed approach employs a multi-
class training procedure which includes a novel greedy parts localization algorithm and a
practical multi-class datamining method. For training and evaluation purposes, two new
datasets with different properties are collected. These datasets include 720 and 5000
images respectively. Recently, comprehensive CompCars dataset has been released with
50000 images of more than 200 makes and models. The experimental results on BVMMR
datasets and CompCars dataset show accuracies more than 96% which indicates the
outstanding performance of our approach.

By increasing the number of classifiers in the proposed system, the processing speed will
degrade. Moreover, an unbalanced training data may lead to overfitting problems or
classifiers with low generality. A practical cascading scheme is proposed for reducing
these effects and boosting the system speed. The proposed cascading scheme construct a
cascade of classifiers by introducing two criteria, namely "Confidence™ and "Frequency".
The experiments done on BVMMR and CompCars datasets confirm the effectiveness of
our scheme. One of the configurations of the proposed scheme results in up to 30%
speedup in comparison to the baseline VMMR system with analogous recognition rate.
Another configuration of the proposed cascading scheme achieves up to 80% speedup with
just a minor drop in accuracy.

Keywords: Fine-grained Recognition, Make and Model Recognition, VMMR, Part-based
Recognition, Latent SVM
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