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Abstract 

With the growing installation of surveillance video cameras in both private and public areas, it is an 
immediate requirement to develop intelligent video analysis system for the large-scale camera network. As 
a prerequisite step of person tracking and person retrieval in intelligent video analysis, person 
re-identification, which target in matching person images across camera views is an important topic in 
computer vision community and has been received increasing attention in the recent years. In the 
supervised learning methods, the person re-identification problem is formulated as a classification problem 
to extract matched person images/videos (positives) from unmatched person images/videos (negatives). 
Although the state-of-the-art supervised classification models could achieve encouraging re-identification 
performance, the assumption that label information is available for all the cameras, is impractical in 
large-scale camera network. That is because collecting the label information of every training subject from 
every camera in the large-scale network can be extremely time-consuming and expensive. While the 
unsupervised learning methods are flexible, their performance is typically weaker than the supervised ones. 
Though sufficient labels of the training subjects are not available from all the camera views, it is still 
reasonable to collect sufficient labels from a pair of camera views in the camera network or a few labeled 
data from all camera pairs. Along this direction, we address two scenarios of person re-identification in 
large-scale camera network in this thesis, i.e. unsupervised domain adaptation and semi-supervised learning 
and proposed three methods to learn discriminative model using all available label information and domain 
knowledge in person re-identification.  

In the unsupervised domain adaptation scenario, we consider data with sufficient labels as the source 
domain, while data from the camera pair missing label information as the target domain. A novel domain 
adaptive method is proposed to estimate the target label information and incorporate the labeled data from 
source domain with the estimated target label information for discriminative learning. Since the 
discriminative constraint of Support Vector Machines (SVM) can be relaxed into a necessary condition, 
which only relies on the mean of positive pairs (positive mean), a suboptimal classification model learning 
without target positive data can be those using target positive mean. A reliable positive mean estimation is 
given by using both the labeled data from the source domain and potential positive data selected from the 
unlabeled data in the target domain. An Adaptive Ranking Support Vector Machines (AdaRSVM) method 
is also proposed to improve the discriminability of the suboptimal mean based SVM model using source 
labeled data. Experimental results demonstrate the effectiveness of the proposed method. 



Different from the AdaRSVM method that using source labeled data, we can also improve the above mean 
based method by adapting it onto target unlabeled data. In more general situation, we improve a 
pre-learned classifier by adapting it onto target unlabeled data, where the pre-learned classifier can be 
domain adaptive or learned from only source labeled data. Since it is difficult to estimate positives from the 
imbalanced target unlabeled data, we propose to alternatively estimate positive neighbors which refer to 
data close to any true target positive. An optimization problem for positive neighbor estimation from 
unlabeled data is derived and solved by aligning the cross-person score distributions together with 
optimizing for multiple graphs based label propagation. To utilize the positive neighbors to learn 
discriminative classification model, a reliable multiple region metric learning method is proposed to learn a 
target adaptive metric using regularized affine hulls of positive neighbors as positive regions. Experimental 
results demonstrate the effectiveness of the proposed method. 
 
In the semi-supervised learning scenario, we propose a discriminative feature learning using all available 
information from the surveillance videos. To enrich the labeled data from target camera pair, image 
sequences (videos) of the tagged persons are collected from the surveillance videos by human tracking. To 
extract the discriminative and adaptable video feature representation, we propose to model the intra-view 
variations by a video variation dictionary and learn a video level adaptable feature by multiple sources 
domain adaptation and an adaptability-discriminability fusion. First, a novel video variation dictionary 
learning is proposed to model the large intra-view variations and solved as a constrained sparse dictionary 
learning problem. Second, a frame level adaptable feature is generated by multiple sources domain 
adaptation using the variation modeling. Third, by mining the discriminative information of the frames 
from the reconstruction error of the variation dictionary, an adaptability-discriminability (AD) fusion is 
proposed to generate the video level adaptable feature. Experimental results demonstrate the effectiveness 
of the proposed method. 
 
In short, the major contributions of this thesis are summarized as follows. 
• An Adaptive Ranking Support Vector Machines (AdaRSVM) method is proposed to incorporate 
estimated target label information with the labeled data from source domain. 
• A semi-supervised region metric learning algorithm is proposed to adapt a pre-learned classifier onto 
target positive regions without target positive samples for training. 
• A novel adaptable feature representation learning using video variation dictionary is proposed for 
semi-supervised video based person re-identification. 
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