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ABSTRACT 
 
When a trained classifier on specific domain (source 
domain) is applied in a different domain (target domain) the 
accuracy is degraded significantly. The main reason for this 
degradation is the distribution difference between the source 
and target domains. Domain adaptation aims to lessen this 
accuracy degradation. In this paper, we focus on adaptation 
for heterogeneous domains (where the source and target 
domain may have different feature spaces) and propose a 
novel algorithm which uses the pre-learned source classifier 
to adapt a trained target classifier. In this method, a max-
margin classifier is trained on the target data and is adapted 
using the offset of the source classifier. The main strength of 
this adaptation is its low complexity and high speed which 
makes it a proper adaptation choice for problems with large-
size datasets such as object detection. We test our method 
on human detection datasets and the experimental results 
show the significant improvement in accuracy, in 
comparison to several baselines.  
 

Index Terms— Domain adaptation, heterogeneous 
domains, pre-learned classifier, object detection 
 

1. INTRODUCTION 
 

Object detection is a primitive task in many computer vision 
applications such as human detection in smart cars, face 
detection in visual surveillance, car detection in traffic 
control systems and so on. Object detection problems are 
specified by the big training dataset and wide range of 
variation in non-object class samples. The research 
direction, in the field of object detection, is toward finding 
appropriate features and more efficient classifiers. The 
promising results are achieved by now, but there is a 
limiting assumption here: To get the best detection 
performance, the test data should have the same marginal 
distribution as training data; otherwise the detection 
performance may drop significantly. In real world 
application scenarios, it is very common that the test data 
differs in view point, lightening, background and resolution 
from the train data. These visual differences lead to 

marginal distribution discrepancy between train and test 
data and consequences the degradation in detection rate.  

To overcome this challenge, one solution is to gather 
the same distributed training data for every different test 
domain. Training the classifier with only a limited number 
of labeled samples are usually not robust for object 
detection; on the other hand collecting enough labeled data 
is an expensive and time-consuming process which is not 
applicable most of the time. The other solution that recently 
has received considerable attention is a new machine 
learning strategy which is called domain adaptation. Domain 
adaptation aims to adapt the trained classifier on the first 
(source) domain in a way that the classifier operates well in 
the second (target) domain. In recent years, several vision 
adaptation algorithms [1, 2, 3, 4, 7, 10, 11] are proposed 
which use different approaches for adaptation according to 
different assumptions. The assumptions are mostly about 
accessibility of the source and target labeled data as well as 
the similarity of the feature type and size in both domains.  

In one of the adaptation approaches, pre-learned 
classifier is used instead of the source data for adaptation [1, 
2, 3, 4]. This approach has been proposed for problems in 
which the source labeled data are not accessible and just the 
previously trained classifier of the source domain is 
available, instead. These algorithms are faster than the 
methods which use the whole source data for adaptation. So, 
they can be proper adaptation solutions for object detection 
problems which have large training datasets and also for the 
object detection toolboxes that have only pre-learned 
classifier from the source domain1. But there is a weakness 
here; they are not designed for heterogeneous domain 
adaptation problem where the size and type of features can 
be different in both domains.  

In this paper, we focus on pre-learned classifier 
adaptation for heterogeneous domains. We propose an 
algorithm which learns a max-margin classifier on the target 
domain and tries to adapt it using the source pre-learned 
classifier offset. We call our method Heterogeneous Max-
Margin Classifier Adaptation or HMCA for short. We 
evaluate HMCA on human detection datasets and the results 
                                                 
1 For instance, OpenCV 2.4.x  library has a pre-learned classifier 
for human and face detection. 
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show improvement in comparison to several state-of-the-art 
baselines. 

 
2. RELATED WORK 

 
In the last few years, computer vision community has 
devoted a growing interest to domain adaptation problem. 
Various approaches are suggested based on different 
assumptions about the source and target domains. One 
approach is supervised domain adaptation, which assumes 
that the labeled source samples and a few labeled target 
samples are available. Considering this assumption, Saenko 
et al. [5] propose a metric learning algorithm which tries to 
learn a symmetric regularized transformation for mapping 
between two same-sized domains. Kulis et al. [6] advance 
Saenko’s work and introduce an asymmetric transformation 
instead of the symmetric one which can adapt the 
heterogeneous domains. Hoffman et al. [7] introduce an 
algorithm which learns a transformation matrix and a 
classifier jointly. They map the target domain with different 
feature size to the source domain and then train a classifier 
on them. Xu et al. [8] use a low rank transformation matrix 
to map the features from the source and target domains into 
a common space and train a discriminative domain-invariant 
classifier on them.  

Another approach is unsupervised domain adaptation 
where the labeled source and the unlabeled target data are 
available. Most of works in this field try to close the 
distribution of the source and target domain by mapping 
them to a new subspace. Pan et al. [9] use a kernel based 
approach to find a new subspace in order to reduce the 
distribution difference between the domains. Gopalan et al. 
[10] use an incremental learning approach to model two 
domains as points on Grassmann manifold and take samples 
of these points along geodesic path to obtain the desired 
subspace. Gong et al. [11] improve Gopalan work by 
considering a kernel based approach which uses infinite 
number of subspaces rather than sampling a finite number of 
them. Mirrashed et al. [12] use a new approach which 
considers max margin discriminative property as well as 
predictability property to map data to a common space. The 
above mentioned methods use both source and target data 
for adaptation which can have a high memory and 
computational complexity especially for large size object 
detection problem. Also they are not suitable for problems 
that do not have access to the source data.  

In an alternative approach, the previously trained 
classifier can be used for adaptation, instead of the source 
data. Yang et al. [1] introduce A-SVM method to adapt a 
trained classifier on the source data by adding a perturbation 
function to it. They also, propose Adapt-SVM [2] which 
uses a new regularizer in SVM’s objective function in order 
to minimize both the target classification error and 
discrepancy between the target and pre-learned source 

classifier. Aytar et al. [3] improve the Adapt-SVM 
algorithm by defining more appropriate regularizer for SVM 
objective function and call it PMT-SVM. In these methods, 
the target classifier should have the same size as the source 
classifier in order to be adapted via pre-learned source 
classifier. So, these methods cannot work in heterogeneous 
domains and they are only suitable for homogeneous 
domains. 

In this paper, we address the heterogeneous supervised 
domain adaptation problem using pre-learned classifier. Our 
main idea is based on finding a classifier which has the 
max-margin in the target domain while its offset is close to 
the source classifier offset. This idea is based on adapting 
domains using the distribution closeness of the source and 
target data in a third subspace. After applying the classifiers, 
the source and target data are mapped to a one dimensional 
space in which distribution closeness is measured via the 
distance between source and target classifier offsets. 

 
3. PROPOSED METHOD 

 
Before going to describe our main idea we should introduce 
several notations: 
 
3.1. Notations 
 
Let ܦ௟௧ ൌ ሼሺݔ௜௧,  ௜௧ሻሽ௜ே denotes a labeled target dataset whichݕ
has a few number of samples. ݔ௜௧ is the ݅௧௛ data vector from 
target domain and ݕ௜௧ א ሼെ1,1ሽ is its binary label. ݔ௜௧ א ܴ௠, 
where m is the target domain feature size. ݂௦ and  ܾ௦are the 
pre-learned linear classifier on the source dataset and its 
offset, respectively.݂௦ should be a linear SVM classifier in 
order to have the same mapping process in source and target 
domain (we discuss about it in 3.2) . ݂௦ א ܴௗ, where d is the 
source feature domain dimension. In our problem d and m 
can be equal or different.  
 
3.2. Heterogeneous Max-Margin Classifier Adaptation 
(HMCA) Method 
 
The main idea in most of heterogeneous domain adaptation 
methods [6, 7, 8, 9, 12] is transforming the source and target 
data to a common domain where the discrepancy between 
the source and target data distribution is minimized. This 
idea is not applicable when only the previously trained 
classifier from the source domain is available. We get the 
transformation idea and customized it for pre-learned 
classifier problem. When a classifier is applied to the data, 
we can say, it transforms data to a one dimensional space in 
which the data can be discriminated using the classifier 
offset. In this new space, the distribution of data is such that 
the two classes are far from each other and the offset is the 
point between them. Now for adaptation, we should look for 
a classifier in target domain that discriminates the target 
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Figure 1: Positive and negative samples of INRIA, NICTA, Daimler and CVC-CER-01 are shown in (a), (b), (c) and (d), respectively. As 
we can see, these four human detection datasets are different in lightening and resolution. 
 
data as well as transforming them to a one dimensional 
space in which the target data have close distribution to the 
mapped source data. We use SVM framework to find the 
max-margin classifier on the target data and by adding one 
more regularizer part to the SVM objective function which 
minimizes the distance between the source and target 
classifier offsets, we try to close the distribution of the 
transformed source and target data. We consider the offsets 
as an indicator for data distributions in one dimensional 
space. The proposed objective function is shown in Eq.(1). 
 

 min௪,௕೟ ଵଶ ԡ࢝ԡଶ ൅ ଵܥ ∑ ௜ே௜ୀଵߝ ൅ ଶԡܾ௦ܥ െ ܾ௧ԡଶ 
 ࢙. ࢚     ׷

௜ߝ      ൒ 0 ;   
௜ݔࢀ௜ሺ࢝ݕ      ൅ ܾ௧ ሻ ൒ 1 െ ,௜ݔሺ׊   ,௜ߝ ௜ሻݕ א  ௟௧ܦ  

(1) 

 
The constant ܥଵ penalizes the target classification error 

and  ܥଶ controls the amount of adaptation. Eq.(1) is a simple 
convex optimization which can be solved using any standard 
QP optimization package. Additionally, since the number of 
constraints is just related linearly to the number of labeled 
target samples, the optimization can be solved efficiently, 
especially for object detection problems. 
 
 

4. EXPERIMENTAL RESULTS 
 
We now present our experiments to evaluate the 
performance of the proposed adaptation model. The model 
is tested on two scenarios: the homogeneous domain 
adaptation and heterogeneous domain adaptation. All results 
are shown for the class of human detection. 
 
4.1. Dataset setting and source-target domain setup 
 
We test and analyze our algorithm on INRIA [13], NICTA2 
[14], CVC-CER-013 [15], and Daimler4 [16] datasets which 

                                                 
2 We choose 2000 positive (1000 human image and its mirror) and 
11000 negative images. 
 

3 We choose 2000 positive images (1000 human image and its 
mirror) and 6000 negative images. 
 

4 We choose randomly 2400 positive images (1200 human image 
and its mirror) and 12000 randomly clipped negative images 
 

are standard image datasets for human detection. All of 
them have positive and negative samples for test and train. 
Some positive and negative images of these four datasets are 
shown in Figure 1. In all experiments, INRIA is considered 
as a source domain and other datasets as target domains. For 
source domain, we choose 1200 positive images and its 
mirror and 6000 randomly clipped negative images from 
training part of INRIA dataset. In each experiment, we make 
target training data by randomly selecting 100 positive and 
300 negative samples from one of the target datasets 
(NICTA, CVC or Daimler) and test the results on remained 
images from it.  
 
4.2. Shape and texture descriptor 
 
In the following experiments we extract HOG [17] feature 
from the source and target domains for homogeneous 
adaptation and extract HOG from the source and HOT [18] 
features from the target domain for heterogeneous domain 
adaptation. For all of the positive and negative examples, we 
fix their size to 32×64 pixels. Thus, the HOG feature has 
756 dimensional and HOT 672 dimensional vector. 
 
4.3. Optimization package 
 
We use CVX [19], a package for specifying and solving 
convex programs, in all experiments. 
 
4.4. Parameter setting 
 
In HMCA, 1ܥ and 2ܥ parameters are chosen 0.3 and 0.01 
via cross validation. 
 
4.5. Baselines  
 
In this paper, we focus on object detection problem. 
Accordingly, we select baselines which can be applied for 
object detection problem with large dataset. We choose 
PMT-SVM [3], Hoffman et al. [7], SVM-Source5 (a linear 
SVM classifier trained only with source domain samples), 

                                                 
5 LibSVM package [20] is used for training linear SVM. 
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Figure 2: Results of homogeneous domain adaptation on human detection datasets. INRIA dataset is considered as a source domain and 
the results of adaptation on each target datasets are shown separately. Clearly, HMCA shows better performance in compared to other 
baselines. 

 
 
Figure 3: Results of heterogeneous domain adaptation on human detection datasets. INRIA dataset is considered as a source domain and 
the results of adaptation on each target datasets are shown separately. HMCA achieves better detection rate. 
 
 
Table 1: Level of complexity for three adaptation methods. 
Complexity is described by an order on the number of constraints 
and variables. N and S are the number of target and source samples 
and d and m are the size of source and target feature vectors, 
respectively. (In our heterogeneous problem, N = 400, S = 8400, d 
= 756 and m = 672)  
 

Method O(Variables) O(Constraints)  
HMCA O(m)  O(N) 
Hoffman et al. [7] O(m×d)  O(S+N) 
PMT-SVM O(m)  O(N) 

 
and SVM-Target (a linear SVM classifier trained only with 
target domain samples) as baselines for homogeneous 
adaptation. For heterogeneous adaptation, because PMT-
SVM and SVM-Source cannot be applied on target domains 
with different dimension from that of the source; therefore 
we have to compare HMCA with SVM-Target and Hoffman 
method. 
 
4.4. Experimental discussion 
 
We report the average detection rate versus false positive 
per image in each scenario and for every target domain, 
separately. We create five random train/test splits and 
average the results across them. The results for 
homogeneous and heterogeneous domain adaptation are 
shown in Figure 2 and 3, respectively. As we can see 
HMCA achieves better detection rate in both scenarios 

versus all other baselines while it has low complexity.  In 
this approach, complexity is defined by the number of 
variables and the number of constraints used in 
optimization. Table 1 shows the level of complexity for 
three methods of PMT-SVM, HMCA and Hoffman.  High 
complexity can make an adaptation method non-tractable 
for large scale object detection problems while it could have 
acceptable accuracy. So, the main strength of HMCA is its 
low complexity in addition to its high accuracy that makes it 
a proper choice for object detection problems.  
 

5. CONCLUSION 
 
In this paper, we proposed an adaptation method for 
heterogeneous domains using pre-learned classifier, called 
HMCA. This method tries to learn a max-margin classifier 
on the target data while trying to close the distribution of 
target data to the source data by closing their classifier offset 
to each other. The introduced algorithm has a convex 
objective function with a few numbers of linear constraints 
which makes it a superior adaptation method. We applied it 
to the human detection problem and the results show it 
outperforms several baselines. In HMCA, the offset of 
classifier is used as an indicator of the data distribution in 
one dimensional space; however it is not accurate 
estimation. In the future, we would like to advance our 
method by using the latent information scattered in the 
classifier line for distribution estimation to overcome the 
inaccuracy in estimation.   
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