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• 1997-2001 B.A. @ ��� ,̂ �����Œ�š�u�}�µ�š�Z�����}�o�o���P��
• 2001-2003 M.S.& 2003-2008 Ph.D. @ ������� ,̂ �D�/�d

���^���/�>, Supervised by Prof. W. T. Freeman

• 2008-present Postdoc Fellow @ �t�/�>�>�K�t���>����(CV&ML Lab), �/�E�Z�/��
该研究组是由INRIA(法国国立情报与自动化研究所)，ENS(巴黎高等师范大学)计算

机系，CNRS(法国国立科学研究中心)的相关研究人员组成的联合团队。
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�0 ���6���W�K�H�V�L�V: Exploiting the Sparse Derivative Prior for Super-Resolution
(利于稀疏导数先验解决超分辨率问题)

�3�K���' ���W�K�H�V�L�V: Labeling, Discovering, and Detecting Objects in Images
(图像中物体的标记、发现和检测)

�,�Q�I�O�X�H�Q�W�L�D�O�Z�R�U�N: LabelMe: A Database and Web-Based Tool for Image Annotation.
�/�:���s, vol. 77, iss. 1-3: 157-173, May 2001. (�&�L�W�H�G�E�\������ )

Discovering Object Categories in Image Collections. �/�����s2005. (�&�L�H�W�H�G�E�\������ )
�$�F�W�L�Y�L�W�\�O�H�Y�H�O���/�����s09, 05; ���s�W�Z09, 08, 06, 04; �E�/�W�^09, 07
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• Born in St. Petersburg, Russia

• 1993-1997 B.S. @ ��� ,̂ �h���}�(���h�š���Z

• 1997-1999 M.S. @ ��� ,̂ �������^�U���h���������Œ�l���o���Ç

• 1999-2003 Ph.D. @ ��� ,̂ �������^�U���h���������Œ�l���o���Ç��(supervised by Prof. Jitendra Malik)

• 2003-2004 Visiting Research Fellow @ �Z�}���}�š�]���•���Z���•�����Œ���Z���'�Œ�}�µ�‰, �K�Æ�(�}�Œ��(Prof. Andrew Zisserman)

• 2004-2010 Assistant Professor, @ �Z�/���˜�����^, ���D�h

• Fall 2009 Visiting Fellow, �t�/�>�>�K�t���>����, �/�E�Z�/��
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Associate professor @ �Z�/& ��� ,̂ ���D�h
Feild of research: CV, CG, especially at the intersection of the two.

His father Alexei L. Efros, Distinguished Professor of �W�Z�Ç�•�]���•, �h���}�(���h�š���Z

�3�K���'�����7�K�H�V�L�V: Data-driven Approaches for Texture and Motion
(数据驱动的纹理和运动方法)

�,�Q�I�O�X�H�Q�W�L�D�O���Z�R�U�N: 
Texture synthesis by non-parametric sampling. �/�����s1999. (�&�L�W�H�G���E�\����������)
Image quilting for texture synthesis and transfer. �^�/�'�'�Z���W�,2001. (�&�L�W�H�G���E�\��������)
Putting Objects in Perspective.  �&�9�3�5���%�H�V�W���3�D�S�H�U���$�Z�D�U�G��������������
�$�F�W�L�Y�L�W�\���O�H�Y�H�O�����/�����s99, 03, 05(2), 07(2), 09(2); ���s�W�Z04, 06(2), 08(3); 
�^�/�'�'�Z���W�,01, 05, 07, 09; �E�/�W�^04, 09(2); �������s06, 08; ���D�s��07. 
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• M.S. @ ���Ì�����Z���d�����Z�v�]�����o���h��(捷克工业大学) (supervised by Prof. Tomas Pajdla)
• 2006 Ph.D. @ �����‰�š�X���}�(�����v�P�]�v�����Œ�]�v�P���^���]���v�������˜���t�}�Œ�����•�š���Œ�����}�o�o���P��, �K�Æ�(�Œ�}��

�s�]�•�µ���o���'���}�u���š�Œ�Ç���'�Œ�}�µ�‰��@ �Z�}���}�š�]���•���Z���•�����Œ���Z���'�Œ�}�µ�‰��(Prof. Andrew Zisserman)
• Postdoc @ ���^���/�>, �D�/�d

2010/5/21 6

Full-time researcher @ �t�/�>�>�K�t���>����, �/�E�Z�/��

�3�K���'�����7�K�H�V�L�V: Efficient visual search of images and videos 
(图像与视频中的有效的视觉搜索)

�,�Q�I�O�X�H�Q�W�L�D�O���Z�R�U�N: 
Discovering object categories in image collections. ICCV 2005. (�&�L�W�H�G���E�\��������)
�$�F�W�L�Y�L�W�\���O�H�Y�H�O�����/�����s03, 05, 07, 09; ���s�W�Z04, 06, 07, 08(2), 09, 10; �������s04, 08; 

���D�s��06(2), 08, 09; NIPS 09. 
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• 1979 B.S. in physics & M.S. in EE @ �^�š���v�(�}�Œ��

• 1981 M.S. in applied physics @ ���}�Œ�v���o�o

• 1981-1987 Principal Engineer @ �W�}�o���Œ�}�]�������}�Œ�‰�X(宝丽来/拍立得公司,2001年破产)

• 1987-1988 Foreign Expert @ �`	Õ*<���]�œ
• 1998-1992 Ph.D. in CV @ �D�/�d

• 1992 Research Scientist @ �D�����]�����>����, �D�/�d

• 1992-2000 Senior Scientist & 2000-2001 Associate Director @ �D���Z�>(三菱电机美国研究院)
• 2001-present Professor @ �������^& ���^���/�>, �D�/�d

• 1999-2002 Associate Editor of PAMI
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Professor @ �������^���˜�����^���/�>, �D�/�d
Field of research: machine learning applied to computer vision, 
Bayesian models of visual perception, and computational photography

�3�K���'�����7�K�H�V�L�V: Steerable Filters and Local Analysis of Image Structure(图像结构的方向可调滤波器和局部分析)
�,�Q�I�O�X�H�Q�W�L�D�O���Z�R�U�N: 
The Design and Use of Steerable Filters, �W���D�/, 1991 (�&�L�W�H�G���E�\����������)
Image Quilting for Texture Synthesis and Transfer. �^�/�'�'�Z���W�,2001. (�&�L�W�H�G���E�\��������)
Learning Low-level Vision. IJCV 2000. (�&�L�W�H�G���E�\��������)
Learning Bilinear Models for Two-factor Problems in Vision.  �&�9�3�5���2�X�W�V�W�D�Q�G�L�Q�J���3�D�S�H�U���S�U�L�]�H��������������
�3�X�E�O�L�F�D�W�L�R�Q: ���s�W�Z(16) �E�/�W�^(16) �/�����s(9) �W���D�/(6) 

在中国期间，与J. G. Chen, Q. Tian合作发表了2篇
关于神经网络和图像处理的中文论文(有1篇为一作)



���”�‘�ˆ�ä��Andrew Zisserman
• �����(�}�Œ����(1992): Research Fellow @ Dept. of CS, U of Edinburgh.
• �W�Œ���•���v�š: Professor, Dept. of Engineering Science, Oxford
• Fellow of Brasenose College, Oxford
• Fellow of UK Royal Society

2010/5/21 8

�,�Q�I�O�X�H�Q�W�L�D�O�Z�R�U�N:
���•�š�����o�]�•�Z�]�v�P�š�Z�����}�u�‰�µ�š���š�]�}�v���o�š�Z���}�Œ�Ç�}�(�u�µ�o�š�]�‰�o���À�]���Á�Œ�����}�v�•�š�Œ�µ���š�]�}�v�X
[Book] Multiple view geometry in computer vision. (�&�L�W�H�G�E�\�������� )
[Book] Visual reconstruction. (�&�L�W�H�G�E�\�������� )
Object class recognition by unsupervised scale-invariant learning. ���s�W�Z2003 (�&�L�W�H�G�E�\������ )
Geometric invariance in computer vision. �D�/�d�W�Œ���•�•�^���Œ�]���•�K�(���/�^���Œ�]���•. (�&�L�W�H�G�E�\������ )
Video Google: A text retrieval approach to object matching in video. ���s�W�Z2003. (�&�L�W�H�G�E�\������ )
A comparison of affine region detectors. �/�:���s, 2005. (�&�L�W�H�G�E�\������ )
�0�D�U�U�3�U�L�]�H:
Extracting Projective Structure from Single Perspective Views of 3D Point Sets. �/�����s1993.
The Problem of Degeneracy in Structure and Motion Recovery from Uncalibrated Image
Sequences. �/�����s1998.
Image-based Rendering using Image-based Priors. �/�����s2003.
�3�X�E�O�L�F�D�W�L�R�Q: �������s(35) ���s�W�Z(31) �/�����s(21) �/�s��(20)
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• In this paper, we investigate how, given an image, similar images sharing
the same global description can help with unsupervised scene
segmentation. �€�W�Œ�}���o���u�•

• In contrast to recent work in semantic alignment of scenes, we allow an
input image to be explained by partial matches of similar scenes. This
allows for a better explanation of the input scenes. [�W�Œ�}�‰�}�•���o]

• We perform MRF-based segmentation that optimizes over matches, while
respecting boundary information. The recovered segments are then used
to re-query a large database of images to retrieve better matches for the
target regions. �€���‰�‰�Œ�}�����Z�•

• We show improved performance in detecting the principal occluding and
contact boundaries for the scene over previous methods on data gathered
from the LabelMe dataset. �€���Æ�‰���Œ�]�u���v�š�•

2010/5/21 10
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�, 在本文中，我们研究了：给出一幅图像，如何利用相似的图像
具有相同的全局描述这一事实，来帮助解决无监督的场景分割
问题。【拟解决的问题】

�, 与最近在场景的语义对齐上的工作不同，我们允许通过相似场
景的部分匹配来解释一幅输入图像。这样就可以对输入图像作
出更好的解释。【本文的思路】

�, 首先，我们施行基于马尔科夫随机场的分割，在各匹配之间实
现优化，同时也考虑边界信息。然后，被恢复的分割区域将被
在一个大规模图像数据库中检索目标区域的更好的匹配。
【本文的方法】

�, 我们证明了：较之之前的方法，对于处理收集自LabelMe数据

集的数据，我们的方法在检测场景中主要遮挡和关联边界方面
有更好的表现。【实验】

2010/5/21 11
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�, 目标：图像解析(Image Parsing)，即分割出语义物体

�, 一条技术路线：基于单幅图片本身

例如，UCLA的工作：提出对上下文敏感的图像的随机文法[Zhu, 06]

[Zhu, 06] SC Zhu, and D. Mumford. A Stochastic Grammar of Images. Foundations and Trends in 
Computer Graphics, vol. 2, no. 4: 259-362, 2006.

�, 问题：例如，门与窗很不同，但应属于同一个分割片段

�, 设想：利用图像本身之外的信息

�, 另一条技术路线：基于数据驱动的场景匹配
– 从大规模图像库甚至互联网中检索一副最匹配的图像

– 将关联的标记转换回原始图像上

例如，MIT的工作：用于场景识别[Torralba, 08]、物体检测[Russell, 07]

[Torralba, 08] A. Torralba, R. Fergus, and W. T. Freeman. 80 million tiny images: a large dataset for 
non-parametric object and scene recognition. IEEE Trans. on PAMI, 30(11):1958–1970, 2008. 

[Russell, 07] B. C. Russell, A. Torralba, C. Liu, R. Fergus, and W. T. Freeman. Object recognition by
scene alignment. In NIPS 2007. 13
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�, 基于数据驱动的场景匹配
–数据量虽大，匹配质量却不高

–原因：低维描述子(gist描述子)

�, 解决办法
– Synthetically increasing the dataset with transformed copies of images
– Cleaning matching results using clustering
– Automatically prefiltering the dataset

– Simply picking good matches by hand

�, 但是，性能有所提升，但匹配得仍不理想

14
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�, 性能仍不理想

• 原因：We believe that there is a more fundamental problem –
the variability of the visual world is just so vast, with exponential
number of different object combinations within each scene, that �]�š
�u�]�P�Z�š���� �(�µ�š�]�o���š�}���Æ�‰�����š�š�}���o�Á���Ç�•�.�v�� �� �•�]�v�P�o���}�À���Œ���o�o�P�}�}��
�u���š���Z���š���o�o!

• 解决办法：An input image should be explained by �� �•�‰���š�]���o
���}�u�‰�}�•�]�š���}�( ���]�(�(���Œ���v�š�Œ���P�]�}�v�•taken from different database
images.

• 理由：To break up the image into chunks that are small enough
to have good matches within the database, but still large enough
that the matches retain their informative power.

15
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• 运用场景匹配去分割出在语义上有意义的物体。

e.g. We seek to segment objects enclosed by the principal
occlusion and contact boundaries and not objects that are part-of
or attached to other objects.

分割被主要遮挡和关联边界包围的片段，而不是物体的一部分
或者那些依附在其他物体上的物体。

• 但在场景匹配过程中，典型的情况是：图像中的一些块被很好
的匹配，而另一些块只是以很粗的层次被近似的匹配。

e.g. 对于街头场景，一副匹配图可能将建筑物匹配地很好，但

是将公路匹配错误；而另一幅匹配图可能将公路匹配地完全正
确，但是包含一颗树和移动建筑物。

16

本文方法的思路���^���_��
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• 算法的起点是一幅输入图像和一个图像堆，即一个使用标准图
像匹配算法(如gist描述子)粗匹配自一个大的数据集而得到的图
像集(本文中5000张)。

• Since the stack is already more-or-less aligned, the regions corresponding to the
semantic objects that are present in many images will consistently appear in
the same spatial location. The input image can then be explained as a patch-
work of these consistent regions, simultaneously producing a segmentation, as
well as composite matches, that are better than any of the individual matches
within the stack.

既然图像堆已经或多或少地被对齐，关联到那些在很多图片中

出现的语义物体的区域将一致地出现在相同的空间位置上；然
后，输入图像可以被解释为这些一致区域的工作块，同时产生
一个分割和一些合成的匹配，这些匹配将要比堆中任一单独匹
配要更好。

17
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• 整合了基于边界和基于区域的分割，并包含一个MRF框架
– 边界处理使用图像堆来决定物体之间的可能的语义边界

The region process aims to find large groups of coherent pixels that co-occur
together often, but is not too concerned about precise localization.

– 区域处理尝试将图像堆中属于相同物体的像素归为一类

The boundary process, on the other hand, focuses rather myopically on the local
image behavior around boundaries but has excellent localization.

– 在一个MRF框架下整个边界和区域信息，这个框架是通过Graph cuts来最优化的

To use a single MRF-based optimization framework for this task, that will negotiate
between the more global region process and the well-localized boundary process.

19

方法概述
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• 强的边缘能够关联到内部物体结构

e.g. 窗户、车轮

• Boundaries between objects often produce weak image evidence

e.g. 颜色相似的建筑物和公路之间的边界互相部分遮挡

• Objects tend not to rest at exactly the same location relative to
each other in a scene

e.g. 在大多数图像中，车轮和车窗将会一致地出现在大致相似
的位置。

• Regions inside an object will tend to match to the same set of
images, each having similar appearance, while regions on opposite
sides of a boundary will match to different sets of images.

20

边界处理���]���b��
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• 强给定一个以朝向θ穿过图像点P的方向线，我们将分析在线的两侧拥有相
似外观的2个图像集的统计数据。对于方向线的每一侧，我们通过用一个有
权重的mask形成一个局部图像描述子来独立地查询图像堆。

• We use a half-Gaussian weighting mask oriented along the line and centered at
image point P.

• This local mask modulates the Gabor filter responses (8 orientations over 4
scales) and the RGB color channels, with a descriptor formed by averaging the
Gabor energy and color over 32×32 pixel spatial bins.
这个局部mask调节Gabor滤波器响应（在4个尺度上的8个朝向）和RGB颜色
通道，并带有一个由平均Gabor能量和超过32X32像素的空间bin的颜色形成
的描述子。

21
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• 已调整的高斯描述子g(p,θ)捕获了在点P和朝向θ处的一侧边界的外观信息。

• 我们使用L1距离来比较以相同的方式从图像堆中提取的外观描述子与查询
图像描述子。

• 堆中的图像被假设是粗对齐的，因为图像匹配仅在堆中的特定位置P和朝向
θ处被考虑。也就是说，匹配不是平移不变的。

• 对于每个图像点P和朝向θ，在朝向线的两侧的局部匹配的输出时图像堆索
引的两个有序表Sr 和Sl。其中每个列表的排序由查询图像的局部描述子g(p,
θ)和堆中每幅图像的L1距离来给定。

• We compute Spearman’s rank correlation coefficient between the two rank-
ordered lists:

其中n是堆中的图像数目，di是两个列表Sr和Sl中的堆图像i的秩之间的差。

22

边界处理���_���b��
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• A high rank correlation should indicate that point p lies inside an object’s
extent, whereas a low correlation should indicate that point p is at an object
boundary with orientation θ. We note however, that low rank correlations
could be also caused by poor quality of local matches.

• 由于效率上原因，我们仅仅计算沿着被标记为边界的点和朝向的秩相关系
数。这些边界是通过边界检测子(PB)的概率，用朝向θ�� [0,π) 、步长为π/8
而计算得到的。最终的边界分数PDB是在所有朝向PB和秩相关系数ρ处响应
的最大PB的门限。

24
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• 区域处理的目标：将在待查询图像中的像素分类，这些图像可能属于相同
的物体，或者一个主要的场景元素（e.g.建筑物、树、公路）。

• 并非依赖于局部外观的相似度（e.g. 颜色和纹理）度量，我们再次利用图
像堆中的数据以实现分类。

• 我们的假设是：在堆中大部分图像中，关联到语义上有意义的物体的区域
将是连贯的。因此，我们的目标是在堆中找到聚类，这些聚类将不仅是自
连贯的，也能很好地解释待查询图像。

• 我们允许多个类能够解释待查询图像中的重叠部分。

e.g. 一棵树聚类和建筑物聚类（取自堆中的不同块）可能解释图像中的相同块，
并且所有假设都被保留。

• 因此，如果两个块的最佳匹配图像相似，那么在待查询图像中，它们将属
于相同的类别；而对于外观迥异的块，只要它们能够匹配到相同的数据库
中图像，那它们就能够为归为同一类。
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• Given a database of N scene images, each rectangular patch in the query
image is described by an N dimensional binary vector, y, where the i-th
element y[i] is set to 1 if the i-th image in the database is among the m = 1000
nearest neighbors of the patch. Other elements of y are set to 0. The nearest
neighbors for each patch are obtained by matching the local gist and color
descriptors at the particular image location, but here center weighted by a full
Gaussian mask with σ =24 pixels.
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• 搜索聚类中心Ck , k �� {1,...,K}
– probabilistic latent semantic analysis (pLSA)
– Latent Dirichlet Allocation (LDA)
– �<�r�u�����v�•
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• 建立的MRF框架如下：

xi�� {0,1,...,K} is the state at pixel i corresponding to one of K different image
stack groups;
φi are unary costs defined by similarity of a patch at pixel i, described by an
indicator vector yi , to each of the K image stack groups;

ψi,j are binary costs for a boundary-dependent Potts model.。
• The unary term encourages pixels explained well by the same group of images

from the stack to receive the same label.
• The binary term encourages neighboring pixels to have the same label, except

in a case of a strong boundary evidence.
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• The unary term的具体定义：

where γ is a scalar parameter, and is the similarity between
indicator vector yi describing the local image appearance at pixel i and the k-th
cluster center ck .

• The binary term的具体定义：

• where f(i,j) is a function dependent on the output of the data-driven boundary
detector PDB, and α and β are scalar parameters.
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• Since PDB is a line process with output strength and orientation defined at
pixels rather than between pixels, as in the standard contrast dependent pair-
wise term in Graph cuts, we must take care to place the pairwise costs
consistently along one side of each continuous boundary.

• We minimize the MRF equation using Graph cuts with alpha-beta swaps [3].
We optimized the parameters on a validation set by manual tuning on the
boundary detection task (section 5). We set α = −0.1, β =0.25, and γ = −0.25.
Note that the number of recovered segments is not necessarily equal to the
number of image stack groups K.
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• 已标定数据：取自LabelMe数据库的复杂街头场景数据集

• 未标定数据：取自Flickr的100,000街头场景组成的数据集
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• 我们已经表明：对于大规模图片集的非监督分析可以辅助将
复杂场景分割为语义上连续的部分。我们使用基于MRF的分

割来利用相关图像间物体位置的变化；这种分割通过保留场
景的边界来使匹配最优化；而边界是通过数据驱动的边界检
测方法处理得到的。

• 我们已经在取自LabelMe的富有挑战的复杂街景数据集上，展
现了较之先前方法有所改进的性能。

• 我们的工作也暗示了：场景匹配的其它应用（例如，物体检
测、计算机图形学）也可受益于待查询场景的基于分割的解
释。
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• 体例规整，典型的总分总结构，且一看各级标题就能知方法
框架；

• 感性结论较多，因而勤于举例；

• 注重阐释思想，非关键步骤不列公式(NIPS中文章向来公式大
把大把，本文只给出了5个公式)，隐略技术性的工作(本文杂
糅它文的工作较多，因而仅读本文仍只能了解大概方法)；

• 行文平易，难词和复杂句式很少(作者均是native speaker)；

• 图表自封闭性强，每给出必有用。
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讨论与评论
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