1/2

2016 IEEE Conference on
Computer Vision and Pattern

Recognition Workshops
(CVPRW 2016)

Las Vegas, Nevada, USA
26 June — 1 July 2016

Pages 1-809

I E E E IEEE Catalog Number: CFP1688A-POD
° ISBN: 978-1-5090-1438-5



Copyright © 2016 by the Institute of Electrical and Electronics Engineers, Inc
All Rights Reserved

Copyright and Reprint Permissions: Abstracting is permitted with credit to the source.
Libraries are permitted to photocopy beyond the limit of U.S. copyright law for private
use of patrons those articles in this volume that carry a code at the bottom of the first
page, provided the per-copy fee indicated in the code is paid through Copyright
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.

For other copying, reprint or republication permission, write to IEEE Copyrights
Manager, IEEE Service Center, 445 Hoes Lane, Piscataway, NJ 08854. All rights
reserved.

***This publication is a representation of what appears in the IEEE
Digital Libraries. Some format issues inherent in the e-media version may
also appear in this print version.

IEEE Catalog Number: CFP1688A-POD
ISBN (Print-On-Demand): 978-1-5090-1438-5
ISBN (Online): 978-1-5090-1437-8
ISSN: 2160-7508

Additional Copies of This Publication Are Available From:

Curran Associates, Inc
57 Morehouse Lane
Red Hook, NY 12571 USA

Phone: (845) 758-0400

Fax: (845) 758-2633

E-mail: curran@proceedings.com
Web: www.proceedings.com

proceedings

.com



2016 IEEE Conference
on Computer Vision
and Pattern Recognition
Workshops

CVPRW 2016

Table of Contents

Message from the General Chair and Program Chairs...............c.cccooiiiiiiiiii e XiX
Organizing Committee and Area ChairS...............cooiiiiiiiiii et et et e e s eee e e nte e e sneeeenneeennns XXi
OUESTANAING REVIBWET'S ...ttt ettt e bt s bt e ettt e eabe e e sab e e e anbe e e sateeesnbeeesnbeeenaee XXii

Computer Vision in Vehicle Technology

UAV-Based Autonomous Image Acquisition with Multi-view Stereo Quality Assurance
o)V O 0T g1 To [=Y g Yot TN ==Y [To1 o o USSR 1
Christian Mostegel, Markus Rumpler, Friedrich Fraundorfer, and Horst Bischof

Mobile Device Based Outdoor Navigation with On-Line Learning Neural Network: A
Comparison with Convolutional Neural NEtWOTIK ............ooiiiiiiiiii et e e e e st e e e e earaeee s 11
Zegjia Zheng and Juyang Weng

The HCI Benchmark Suite: Stereo and Flow Ground Truth with Uncertainties for Urban

AULONOMOUS DIFIVING ...ttt e e e e s e bt e e a bt e ea st e e 1a b et e aa b et e ea b e e e ea bt e e st et e sane e e na b e e e aneeeennnes 19
Daniel Kondermann, Rahul Nair, Katrin Honauer, Karsten Krispin, Jonas Andrulis,
Alexander Brock, Burkhard Giissefeld, Mohsen Rahimimoghaddam, Sabine Hofmann,
Claus Brenner, and Bernd Jéhne

Monocular Long-Term Target FOIOWING ON UAVS .......ooiiiiiiee ettt e e 29
Rui Li, Minjian Pang, Cong Zhao, Guyue Zhou, and Lu Fang

DeeplLanes: End-To-End Lane Position Estimation Using Deep Neural Networks ...........c.cccccccveveeeei i, 38
Alexandru Gurghian, Tejaswi Koduri, Smita V. Bailur, Kyle J. Carey, and Vidya N. Murali

Multiple Scale Faster-RCNN Approach to Driver’s Cell-Phone Usage and Hands
ON StEEriNg WRNEEI DEEECHION .......eiiiiiieiiii ettt ettt e e st e e e et e e e e s e e e s st e e aab e e e anneeenanee s 46
T. Hoang Ngan Le, Yutong Zheng, Chenchen Zhu, Khoa Luu, and Marios Savvides

DR(eye)VE: A Dataset for Attention-Based Tasks with Applications to Autonomous
F= Lo I NS 1S3 (Yo I I AV g T TSR 54
Stefano Alletto, Andrea Palazzi, Francesco Solera, Simone Calderara, and Rita Cucchiara



A Low-Cost Mirror-Based Active Perception System for Effective Collision Free
Underwater RODOIC NAVIGAION ......cooiiiiiiiii ettt e ettt e e st e e e st et e e e sanneeeeeeanens 61
Noel Cortés-Pérez and L. Abril Torres-Méndez

Biometrics

What Do You Do When You Know That YOU DON't KNOW? ......eeeiiieieieeeeeeeeeeee ettt e e e e e e e e es 69
Abhijit Bendale and Terrance E. Boult

Deep Secure Encoding for Face Template ProteCtioN ............oooiiiiiiiiiiiiie ettt e e e e 77
Rohit Kumar Pandey, Yingbo Zhou, Bhargava Urala Kota, and Venu Govindaraju

Feature Vector Compression Based on Least Error QUantization ............c.cooiiiiiiiir i 84
Tomokazu Kawahara and Osamu Yamaguchi

Weakly Supervised Facial Analysis with Dense Hyper-Column Features ...........cccoiiiiiiiiiiiiiiicece e 93
Chenchen Zhu, Yutong Zheng, Khoa Luu, T. Hoang Ngan Le,
Chandrasekhar Bhagavatula, and Marios Savvides

A Comprehensive Analysis of Deep Learning Based Representation for Face
[RL=Te o o 11 (o] o H T PSP P PP PP PPROPRR PP 102
Mostafa Mehdipour Ghazi and Hazim Kemal Ekenel

Two-Stream CNNs for Gesture-Based Verification and Identification: Learning User

Jonathan Wu, Prakash Ishwar, and Janusz Konrad

[D1=TCT o =Y o To I (T Yo [ 1 1T o ISR 119
Xing Di and Vishal M. Patel

Pooling Faces: Template Based Face Recognition with Pooled Face Images ...........cccevieiiiiiii i 127
Tal Hassner, lacopo Masi, Jungyeon Kim, Jongmoo Choi, Shai Harel, Prem Natarajan,
and Gérard Medioni

DeepGender: Occlusion and Low Resolution Robust Facial Gender Classification
via Progressively Trained Convolutional Neural Networks with Attention ..., 136
Felix Juefei-Xu, Eshan Verma, Parag Goel, Anisha Cherodian, and Marios Savvides

Real-Time Face Identification via CNN and Boosted Hashing FOrest ............ccccooviiiiieiii e 146
Yury Vizilter, Vladimir Gorbatsevich, Andrey Vorotnikov, and Nikita Kostromov

Gaussian Conditional Random Fields for Face ReCOgNItion ............coooiiiiiiiiiiiieiii e 155
Jonathon M. Smereka, B. V. K. Vijaya Kumar, and Andres Rodriguez

Grouper: Optimizing Crowdsourced Face ANNOLAtIONS .........coouiiiiiiiiiiie et 163
Jocelyn C. Adams, Kristen C. Allen, Tim Miller, Nathan D. Kalka, and Anil K. Jain

PARAPH: Presentation Attack Rejection by Analyzing Polarization Hypotheses ..o 171
Ethan M. Rudd, Manuel Giinther, and Terrance E. Boult

Heterogeneous Face Recognition Using Inter-Session Variability Modelling .........ccooceviiiiiiiieeccn 179
Tiago de Freitas Pereira and Sébastien Marcel

A Polarimetric Thermal Database for Face Recognition RESEarch ............cccccviiiiiiiiiiiiii e 187
Shuowen Hu, Nathaniel J. Short, Benjamin S. Riggan, Christopher Gordon,
Kristan P. Gurton, Matthew Thielke, Prudhvi Gurram, and Alex L. Chan

vi



CALIPER: Continuous Authentication Layered with Integrated PKI Encoding
[T=ToTo o |11 o] o [ PP PR RPN 195
Ethan M. Rudd and Terrance E. Boult

Frequency Map by Structure Tensor in Logarithmic Scale Space and Forensic
1T [Ty o) 11 £ SRR 204
Josef Bigun and Anna Mikaelyan

Latent Fingerprint Image Segmentation Using Fractal Dimension Features
and Weighted Extreme Learning Machine ENSembIe ...t 214
Jude Ezeobiejesi and Bir Bhanu

GMM-SVM Fingerprint Verification Based on Minutiae ONlY ..........c.cooiiiiiiiiiiiiee e 223
Berkay Topcu, Yusuf Ziya Isik, and Hakan Erdogan

A Comparison of Human and Automated Face Verification Accuracy on Unconstrained
IMAGE SIS .ttt et E e et h e e e ea e e e e et e n et e ae e e e e b e nnn e nare s 229
Austin Blanton, Kristen C. Allen, Tim Miller, Nathan D. Kalka, and Anil K. Jain

Soft-Margin Learning for Multiple Feature-Kernel Combinations with Domain
Adaptation, for Recognition in Surveillance Face Datasets ...........ccocciiiiuiiiiiiieiii e 237
Samik Banerjee and Sukhendu Das

Simultaneous Semi-Coupled Dictionary Learning for Matching RGBD Data ...........ccocoviiiiiiiiiiciieeeeccen 243
Nilotpal Das, Devraj Mandal, and Soma Biswas

Offline Signature Verification Based on Bag-of-VisualWords Model Using KAZE
Features and Weighting SCREMES ........ooiiiiiiie ettt e e st e e et e e snee e e anbe e e eneeeesnneeesnneeas 252
Manabu Okawa

Implementation of Fixed-Length Template Protection Based on Homomorphic

Encryption with Application to Signature BiOMetriCS .........c.ciiiiiiiiiiii s 259
Marta Gomez-Barrero, Julian Fierrez, Javier Galbally, Emanuele Maiorana,
and Patrizio Campisi

Perception Beyond the Visible Spectrum

Learning Cross-Spectral Similarity Measures with Deep Convolutional Neural Networks ............ccccoceeiiiienieccnnenn. 267
Cristhian A. Aguilera, Francisco J. Aguilera, Angel D. Sappa, Cristhian Aguilera,
and Ricardo Toledo

Distinguishing Weather Phenomena from Bird Migration Patterns in Radar Imagery .........cccococevioeiiiienice v, 276
Aruni Roy Chowdhury, Daniel Sheldon, Subhransu Mayji, and Erik Learned-Miller

A Modular NMF Matching Algorithm for Radiation Spectra ..o e 284
Melissa L. Koudelka and Daniel J. Dorsey

Evaluation of Feature Channels for Correlation-Filter-Based Visual Object Tracking
(Lo I aNi=Ta=Te IS oT=Yox U o  H PSPPSR 290
Erhan Gundogdu, Aykut Koc, Berkan Solmaz, Riad . Hammoud, and A. Aydin Alatan

Adaptive Object Classification Using Complex SAR Signatures ...........cocueiiiiiiiiiiciieece e 299
Firooz Sadjadi
Scale Invariant Human Action Detection from Depth Cameras Using Class Templates ...........ccccccoviieiiiiiniieennenn, 304

Kartik Gupta and Arnav Bhavsar

vii



Real-Time Physiological Measurement and Visualization Using a Synchronized
LB (o= 1= = T 3 (Yo o S 312
Otkrist Gupta, Daniel McDuff, and Ramesh Raskar

Seeing the Forest from the Trees: A Holistic Approach to Near-Infrared Heterogeneous
[ ToT =R (T oTo T o1 (o] o ISR 320
Christopher Reale, Nasser M. Nasrabadi, Heesung Kwon, and Rama Chellappa

Non-planar Infrared-Visible Registration for Uncalibrated Stereo Pairs ...........cccoocoviiiiieiiieiiie e 329
Dinh-Luan Nguyen, Pierre-Luc St-Charles, and Guillaume-Alexandre Bilodeau

A Novel Visualization Tool for Evaluating the Accuracy of 3D Sensing
and Reconstruction Algorithms for Automatic Dormant Pruning AppliCations ............coocviiriiiiiiiieiee e 338
Fangda Li, Somrita Chattopadhyay, Shayan A. Akbar, Noha M. Elfiky, and Avinash Kak

A Novel Benchmark RGBD Dataset for Dormant Apple Trees and Its Application
tO AULOMATIC PIUNING ...ttt et et e st e s bt e et et e s b e e e sab et e et et e san e e e sar e e e eane e e nanee 347
Shayan A. Akbar, Somrita Chattopadhyay, Noha M. Elfiky, and Avinash Kak

Egocentric Vision

Body Part Based Re-Identification from an Egocentric Perspective ... 355
Federica Fergnani, Stefano Alletto, Giuseppe Serra, Joaquim De Mira, and Rita Cucchiara

Discovering Objects of Joint Attention via First-Person SEnsing .........cccoooiiiii e 361
Hiroshi Kera, Ryo Yonetani, Keita Higuchi, and Yoichi Sato

A Pointing Gesture Based Egocentric Interaction System: Dataset, Approach
= gL I o] o] Twr=1 (o] o I SRR TSRS 370
Yichao Huang, Xiaorui Liu, Xin Zhang, and Lianwen Jin

Multimodal Multi-Stream Deep Learning for Egocentric Activity Recognition .............cccoiiiiiiinii e, 378
Sibo Song, Vijay Chandrasekhar, Bappaditya Mandal, Liyuan Li, Joo-Hwee Lim,
Giduthuri Sateesh Babu, Phyo Phyo San, and Ngai-Man Cheung

DeepVision: Deep Learning in Computer Vision

Joint Learning of Convolutional Neural Networks and Temporally Constrained Metrics
fOr Tracklet ASSOCIALION ......ooiiiieiii ettt e et e et e e s et e e sae e e e te e e emneeesmneeeanteeeanneeesnneeeanseeenns 386
Bing Wang, Li Wang, Bing Shuai, Zhen Zuo, Ting Liu, Kap Luk Chan, and Gang Wang

Faster R-CNN Features for INStance SEAICh ............oouieeiiiii et e e e e e e e e aaeeees 394
Amaia Salvador, Xavier Giré-i-Nieto, Ferran Marqués, and Shin'ichi Satoh

Deep ENd2ENd VOXEI2VOXEl PrediCtion ............oiiiiiiiiiieie ettt et 402
Du Tran, Lubomir Bourdev, Rob Fergus, Lorenzo Torresani, and Manohar Paluri

Adversarial Diversity and Hard Positive GENEration .............ccooiiiiiiiie et e s 410
Andras Rozsa, Ethan M. Rudd, and Terrance E. Boult

Learning by Tracking: Siamese CNN for Robust Target ASSOCiation ... 418
Laura Leal-Taixé, Cristian Canton-Ferrer, and Konrad Schindler

ReSeg: A Recurrent Neural Network-Based Model for Semantic Segmentation ...........ccccccoiiiiniiinin e, 426
Francesco Visin, Adriana Romero, Kyunghyun Cho, Matteo Matteucci, Marco Ciccone,
Kyle Kastner, Yoshua Bengio, and Aaron Courville

viii



Rich Image Captioning iN the WIld ..ot e et sane e e b s 434
Kenneth Tran, Xiaodong He, Lei Zhang, and Jian Sun

Biomedical Image Registration

Discrete Optimisation for Group-Wise Cortical Surface AtIasing ........ccccoioiiiiiiieriir e 442
Emma C. Robinson, Ben Glocker, Martin Rajchl, and Daniel Rueckert

Sparse Kernel Machines for Discontinuous Registration and Nonstationary
[R=To U1 E=T 2= (o] o IR PTRSPPRRRN 449
Christoph Jud, Nadia Méri, and Philippe C. Cattin

Accurate Small Deformation Exponential Approximant to Integrate Large Velocity
Fields: Application to Image RegiStration ............ooiii i 457
Sebastiano Ferraris, Marco Lorenzi, Pankaj Daga, Marc Modat, and Tom Vercauteren

Fast Deformable Image Registration with Non-smooth Dual Optimization ............cccooeiiiiiiiiii e, 465
Martin Rajchl, John S. H. Baxter, Wu Qiu, Ali R. Khan, Aaron Fenster, Terry M. Peters,
Daniel Rueckert, and Jing Yuan

Image Registration for Placenta RECONSIIUCION ........c.oiiiiiiiii s 473
Floris Gaisser, Pieter P. Jonker, and Toshio Chiba

Tissue-Volume Preserving Deformable Image Registration for 4DCT Pulmonary

Bowen Zhao, Gary E. Christensen, Joo Hyun Song, Yue Pan, Sarah E. Gerard,
Joseph M. Reinhardt, Kaifang Du, Taylor Patton, John M. Bayouth, and Geoffrey D. Hugo

Registering Retinal Vessel Images from Local to Global via Multiscale and Multicycle
=T LU= OO OTRRPRR P 490
Haiyong Zheng, Lin Chang, Tengda Wei, Xinxin Qiu, Ping Lin, and Yangfan Wang

The Design of SuperElastix — A Unifying Framework for a Wide Range of Image
Registration MethOAOIOGIES ..........iiiiiiiiiii ettt e e e et e e e e et e e e e e eaaeaeeeeeasssaeaeeaassaeeaeeassseeeesassaneaeaanns 498
Floris F. Berendsen, Kasper Marstal, Stefan Klein, and Marius Staring

Tumor Growth Estimation via Registration of DCE-MRI Derived Tumor Specific

(B CE Yol 4 o] (o] =TT TP TSP PP PP OPRR PP 507
Thais Roque, Bartlomiej W. Papiez, Veerle Kersemans, Sean Smart, Danny Allen,
Michael Chappell, and Julia A. Schnabel

Graph-Constrained Surface Registration Based on Tutte EMbedding .........c.ooceriiiiiiiii e 516
Wei Zeng, Yi-Jun Yang, and Muhammad Razib

A Combined EM and Visual Tracking Probabilistic Model for Robust Mosaicking:

PN eJo[Tez= 1 o] TN (ol o=t (oo o] o)V PSS PRPTR 524
Marcel Tella, Pankaj Daga, Frangois Chadebecq, Stephen Thompson,
Dzhoshkun I. Shakir, George Dwyer, Ruwan Wimalasundera, Jan Deprest,
Danail Stoyanov, Tom Vercauteren, and Sebastien Ourselin

Reducing Drift in Mosaicing Slit-Lamp Retinal IMages ..o 533
Kristina Prokopetc and Adrien Bartoli



How to Build an Average Model When Samples are Variably Incomplete? Application

(0T o] I - | = L PSPPSR 541
Jean Dumoncel, Gérard Subsol, Stanley Durrleman, Jean-Pierre Jessel,
Amélie Beaudet, and José Braga

Population Shape Collapse in Large Deformation Registration of MR Brain Images .........cccccccioiiiiiiniieneeeen, 549
Wei Shao, Gary E. Christensen, Hans J. Johnson, Joo H. Song, Oguz C. Durumeric,
Casey P. Johnson, Joseph J. Shaffer, Vincent A. Magnotta, Jess G. Fiedorowicz,
and John A. Wemmie

Registration of Developmental Image Sequences with MisSing Data ...........cccoeeiiiiiiiiiiiie e 558
Istvan Csapo, Yundi Shi, Mar Sanchez, Martin Styner, and Marc Niethammer

Current-and Varifold-Based Registration of Lung Vessel and Airway TreES ........cccuveeiirriiieeeiiee e see e 566
Yue Pan, Gary E. Christensen, Oguz C. Durumeric, Sarah E. Gerard,
Joseph M. Reinhardt, and Geoffrey D. Hugo

SimpleElastix: A User-Friendly, Multi-lingual Library for Medical Image Registration ..........ccccccoviviiiiiiiiienicenien, 574
Kasper Marstal, Floris Berendsen, Marius Staring, and Stefan Klein

Effects of Resolution and Registration Algorithm on the Accuracy of EPI vNavs for Real
Time Head Motion Correction in IMRI ...ttt 583
Yingzhuo Zhang, Iman Aganj, André J. W. van der Kouwe, and M. Dylan Tisdall

Graph Cuts-Based Registration Revisited: A Novel Approach for Lung Image

Registration Using Supervoxels and Image-Guided Filtering ..........coooiioiiiiiiieee e 592
Adam Szmul, Bartlomiej W. Papiez, Russell Bates, Andre Hallack, Julia A. Schnabel,
and Vicente Grau

Multi-Atlas Based Pseudo-CT Synthesis Using Multimodal Image Registration
and Local Atlas FUSION STrat@IeS ......ccciuii ittt ettt et e e et e e st e e st e e eneeeeemneeeanneeeeneeeeennes 600
Johanna Degen and Mattias P. Heinrich

A Fast DRR Generation Scheme for 3D-2D Image Registration Based on the Block

[ (o =T (1o a1, 1= 13T o SRS PSR 609
Zhiping Mu

Optimal Estimation of Diffusion in DW-MRI by High-Order MRF-Based Joint

Deformable Registration and Diffusion MOAEliNG ..........oo i e e e e e e e eeeeea e 618

Evgenios N. Kornaropoulos, Evangelia |. Zacharaki, Pierre Zerbib, Chieh Lin,
Alain Rahmouni, and Nikos Paragios

Total Correlation-Based Groupwise Image Registration for Quantitative MRI ............c.coooiiiiiiiiiiiee, 626
Jean-Marie Guyader, Wyke Huizinga, Valerio Fortunati, Dirk H. Poot,
Matthijs van Kranenburg, Jifke F. Veenland, Margarethus M. Paulides, Wiro J. Niessen,
and Stefan Klein

Multimodal Whole Brain Registration: MRI and High Resolution Histology ............cceoiiiiiiiiiii e 634
Maryana Alegro, Edson Amaro-Jr, Burlen Loring, Helmut Heinsen, Eduardo Alho,
Lilla Z6llei, Daniela Ushizima, and Lea T. Grinberg



Large Scale 3D Data: Acquisition, Modelling and Analysis
Fast and Accurate Registration of Structured Point Clouds with Small Overlaps .........ccccocvviiiiniiii e, 643

Yanxin Ma, Yulan Guo, Jian Zhao, Min Lu, Jun Zhang, and Jianwei Wan

Comprehensive Automated 3D Urban Environment Modelling Using Terrestrial Laser
SCANNING POINT CIOUG ...ttt et h e e et e e e b et e s b et e et et e sb e e e san e e e eabe e e nanneenaree s 652
Pouria Babahajiani, Lixin Fan, Joni-Kristian Kdmé&réinen, and Moncef Gabbouj

RGBD Datasets: Past, Present @nd FULUIE ............ooouuiieeiiiieeeeeeeeeeee ettt e e e e e e e e e e e e e e e et e e e e eeeeaeneees 661
Michael Firman
Real Time Complete Dense Depth Reconstruction for a Monocular Camera .............cocoeeiiieeeiiiiiiee e 674

Xiaoshui Huang, Lixin Fan, Jian Zhang, Qiang Wu, and Chun Yuan

Visual Analysis of Satellite to Street Imagery

Semantic Segmentation of Small Objects and Modeling of Uncertainty in Urban Remote
Sensing Images Using Deep Convolutional Neural NEtWOrKS .........cooiiiiiiiiiiiie e 680
Michael Kampffmeyer, Art-Bgrre Salberg, and Robert Jenssen

Automatic Alignment of Indoor and Outdoor Building Models Using 3D Line Segments ............cccceviiieriieeiiceenienene 689
Tobias Koch, Marco Koérner, and Friedrich Fraundorfer

The TUM-DLR Multimodal Earth Observation Evaluation Benchmark .................ueeeiiiiiiiiiiiieeeeeeeeee e 698
Tobias Koch, Pablo D’Angelo, Franz Kurz, Friedrich Fraundorfer, Peter Reinartz,
and Marco Kérner

ChalLearn Looking at People and Faces of the World: Face Analysis Workshop
and Challenge
Chalearn Looking at People and Faces of the World: Face AnalysisWorkshop
= aTo IO g F=T 11T T T 0 OSSR 706
Sergio Escalera, Mercedes Torres Torres, Brais Martinez, Xavier Baro,
Hugo Jair Escalante, Isabelle Guyon, Georgios Tzimiropoulos, Ciprian Corneanu,
Marc Oliu, Mohammad Ali Bagheri, and Michel Valstar

Apparent Age Estimation Using Ensemble of Deep Learning MOdEIS ..........ccoeiiiiiiiiieiiiiieiie e 714
Refik Can Malli, Mehmet Aygiin, and Hazim Kemal Ekenel

Deep Age Distribution Learning for Apparent Age EStimation ..........occooiiiiiiiiiii e 722
Zengwei Huo, Xu Yang, Chao Xing, Ying Zhou, Peng Hou, Jiaqi Lv, and Xin Geng

Structured Output SVM Prediction of Apparent Age, Gender and Smile from Deep
== 111 SRS 730
Michal Uricar, Radu Timofte, Rasmus Rothe, Jiri Matas, and Luc Van Gool

Gender and Smile Classification Using Deep Convolutional Neural Networks ............ccccooiiiiiiiiiiiciiecce e 739
Kaipeng Zhang, Lianzhi Tan, Zhifeng Li, and Yu Qiao

DeepBE: Learning Deep Binary Encoding for Multi-label Classification ..............cccoiiiiiiiiiii e 744
Chenghua Li, Qi Kang, Guojing Ge, Qiang Song, Hanging Lu, and Jian Cheng

Facial Attributes Classification Using Multi-task Representation Learning ...........ccccoooeveiiieriienie e 752
Max Ehrlich, Timothy J. Shields, Timur Almaev, and Mohamed R. Amer

xi



ChaLearn Looking at People RGB-D Isolated and Continuous Datasets for Gesture
[T=ToTo o |11 o] o [ PP PR RPN 761
Jun Wan, Stan Z. Li, Yibing Zhao, Shuai Zhou, Isabelle Guyon, and Sergio Escalera

Dominant Codewords Selection with Topic Model for Action RECOgNItioN ..........ccccvviiiiiiiiiiiniic e 770
Hirokatsu Kataoka, Kenji Iwata, Yutaka Satoh, Masaki Hayashi, Yoshimitsu Aoki,
and Slobodan llic

Inferring Visual Persuasion via Body Language, Setting, and Deep Features ............cccovreriieiii e 778
Xinyue Huang and Adriana Kovashka

Kernel ELM and CNN Based Facial Age EStImMation ............cooiiiiiiiiiiii et 785
Furkan Giirpinar, Heysem Kaya, Hamdi Dibeklioglu, and Albert Ali Salah

Person-Independent 3D Gaze Estimation Using Face Frontalization .............ccccoooiiiiiiiini e 792
Laszlé A. Jeni and Jeffrey F. Cohn

Apparent Age Estimation from Face Images Combining General
and Children-Specialized Deep Learning MOEIS .........c.ooiiiiiiiiiiiiic ettt 801
Grigory Antipov, Moez Baccouche, Sid-Ahmed Berrani, and Jean-Luc Dugelay

Identifying Same Persons from Temporally Synchronized Videos Taken by Multiple
WEATADIE CABIMEIAS .......eeitiiiiit ettt ettt ettt a e bt e bt eae e e bt e bt eat e e bt e e et e eab e e b e e eaneean e e st e e eanenaneenrees 810
Kang Zheng, Hao Guo, Xiaochuan Fan, Hongkai Yu, and Song Wang

Embedded Vision

A Diverse Low Cost High Performance Platform for Advanced Driver Assistance

System (ADAS) APPHCALIONS ...ttt e et e e e et e e e s etre e e e e sasaeeeeeaasssaeeeeeasneaeeeeaassaneeeeannnreeaean 819
Prashanth Viswanath, Kedar Chitnis, Pramod Swami, Mihir Mody, Sujith Shivalingappa,
Soyeb Nagori, Manu Mathew, Kumar Desappan, Shyam Jagannathan, Deepak Poddar,
Anshu Jain, Hrushikesh Garud, Vikram Appia, Mayank Mangla, and Shashank Dabral

A Visual Attention Algorithm Designed for Coupled Oscillator Acceleration ............ccceviiieriiieiiieeiiie e 828
Christopher Thomas, Adriana Kovashka, Donald Chiarulli, and Steven Levitan

Embedded Motion Detection via Neural Response Mixture Background Modeling ..........cccccoeiiiiiiiiiiiiiieeciiiieeees 837
Mohammad Javad Shafiee, Parthipan Siva, Paul Fieguth, and Alexander Wong

A Scalable High-Performance Hardware Architecture for Real-Time Stereo Vision
o)V 1= g g TR €] lo] o F= TNV F=1 o] 11 o PSRRI 845
Jaco Hofmann, Jens Korinth, and Andreas Koch

Vision Based Autonomous Orientational Control for Aerial Manipulation via On-board

Leewiwatwong Suphachart, Syohei Shimahara, Robert Ladig, and Kazuhiro Shimonomura

Embedded Vision System for Atmospheric Turbulence Mitigation ..............cccciiiiiiiiiii e 861
Ajinkya Deshmukh, Gaurav Bhosale, Swarup Medasani, Karthik Reddy,
P. Hemantha Kumar, A. Chandrasekhar, P. Kiran Kumar, and K. Vijayasagar

Approximated Prediction Strategy for Reducing Power Consumption of Convolutional
INEUFAl NEIWOIK PrOCESSON ...ttt e et e e e ettt e e s e tb et e e e easseaeeaeeasssaeeeeaasssaeaesassaeeaeeasseeeaesanssaneaeaanes 870
Takayuki Ujiie, Masayuki Hiromoto, and Takashi Sato

xii



Visual Monocular Obstacle Avoidance for Small Unmanned VEICIES ..............uuvueiiiiiiiiiiiieeeeeee e 877
Levente Kovacs

Real-Time, Embedded Scene Invariant Crowd Counting Using Scale-Normalized
Histogram of Moving Gradients (HOMG) ..........eeiiiiiiiiiii et as 885
Parthipan Siva, Mohammad Javad Shafiee, Michael Jamieson, and Alexander Wong

3DCapture: 3D Reconstruction for @ SMartPhONE ..........cooiiiiiiiiii e e 893
Oleg Muratov, Yury Slynko, Vitaly Chernov, Maria Lyubimtseva, Artem Shamsuarov,
and Victor Bucha

Embedded Computing Framework for Vision-Based Real-Time Surround Threat
ANAlySis and DIVET ASSISTANCE ......coiuiiiiiiie ittt et sttt st e s bt e e ettt e sabe e e enbe e e sabeeesaneeeanbeeeans 901
Frankie Lu, Sean Lee, Ravi Kumar Satzoda, and Mohan Trivedi

Computational Cameras and Displays

Depth Camera Based on Color-Coded APEITUIE ...........cocuiiie ettt e e et e e e e e et e e e e e etbaeeaeeeasaeeaesansaeeaeaanes 910
Vladimir Paramonov, Ivan Panchenko, Victor Bucha, Andrey Drogolyub,
and Sergey Zagoruyko

SparkleGeometry: Glitter Imaging for 3D Point Tracking .........c.cooiiiiiiiiiiii e 919

Abby Stylianou and Robert Pless

Time-Offset Conversations on a Life-Sized Automultiscopic Projector Array ...........cccoccvevoeeiieeenie e 927
Andrew Jones, Koki Nagano, Jay Busch, Xueming Yu, Hsuan-Yueh Peng,
Joseph Barreto, Oleg Alexander, Mark Bolas, Paul Debevec, and Jonas Unger

Avoiding the Deconvolution: Framework Oriented Color Transfer for Enhancing
[0V o | | [ F= o = T PRSP RRPPRRPN 936
Laura Florea, Corneliu Florea, and Ciprian lonascu

Power-Efficient Cameras Using Natural Image StatiStiCs ..........coociiiiiiiiii e 945
Roni Feldman, Yair Weiss, and Yonina C. Eldar

Strategies for Resolving Camera Metamers Using 3+1 Channel ...........coooiiiiiiiiiiii e 954
Dilip K. Prasad

Differential Geometry in Computer Vision and Machine Learning
The Assignment Manifold: A Smooth Model for Image Labeling ..........cccoooiiiiiiiiiiieee e 963

Freddie Astrém, Stefania Petra, Bernhard Schmitzer, and Christoph Schnérr

A Statistical Framework for Elastic Shape Analysis of Spatio-Temporal Evolutions
OF Planar ClOSEA CUIVES ........uiiiiiii ittt ettt ettt b e ettt e s b et e sa b et e et et e sab e e e sabe e e enbe e e smbeeeanbeeeaneneenanes 972
Chafik Samir, Sebastian Kurtek, Justin Strait, and Shantanu H. Joshi

Testing Stationarity of Brain Functional Connectivity Using Change-Point Detection
LLa IR I - - SRS 981
Mengyu Dai, Zhengwu Zhang, and Anuj Srivastava

Partial Matchings and Growth Mapped Evolutions in Shape SPaces .........cccccieeiiiiiiiiiiiieee e 990
Iréne Kaltenmark and Alain Trouvé

Xiii



Human Object Interaction Recognition Using Rate-Invariant Shape Analysis of Inter
JOINt DiIStANCES TrAJECIOMES .....eiiiiiiiiiiie ittt e ettt e e e e bttt e e st bt e e e e e b et e e e e enbee e e e e enneeas 999
Meng Meng, Hassen Drira, Mohamed Daoudi, and Jacques Boonaert

Riemannian Geometric Approaches for Measuring Movement Quality ...........ccccviiiiiiiie e 1005
Anirudh Som, Rushil Anirudh, Qiao Wang, and Pavan Turaga

Differential Geometry Boosts Convolutional Neural Networks for Object Detection ...........c.cccovveiiiieiiiii e, 1006
Chu Wang and Kaleem Siddiqi

On Time-Series Topological Data Analysis: New Data and Opportunities .............cceeriirier e 1014
Lee M. Seversky, Shelby Davis, and Matthew Berger

A Riemannian Framework for Statistical Analysis of Topological Persistence Diagrams ...........cccccooveeriiierieeennnen. 1023
Rushil Anirudh, Vinay Venkataraman, Karthikeyan Natesan Ramamurthy, and Pavan Turaga

A Survey on Rotation Optimization in Structure from MOLON ..........coouiiiiiii e 1032
Roberto Tron, Xiaowei Zhou, and Kostas Daniilidis

Bayesian Model-Based Automatic Landmark Detection for Planar CUrVES ...........ccocoeiiiieeiiie e 1041
Justin Strait and Sebastian Kurtek

Consensus-Based Image Segmentation via Topological PersiStencCe ............cccviiiiiiiiiiiieciiece e 1050
Qian Ge and Edgar Lobaton

Robust Domain Adaptation on the L1-Grassmannian Manifold ............ccccoiiiiiiii i 1058
Sriram Kumar and Andreas Savakis

Fast Dynamic Programming for Elastic Registration of CUIVES ...........ccoooiiiiiiiiiiie e s 1066
Javier Bernal, Giinay Dogan, and Charles R. Hagwood

Robust Features for Computer Vision

Fast Image Gradients Using Binary Feature CONVOIULIONS ...........c.cooiiiiiiiiiiiiie et 1074
Pierre-Luc St-Charles, Guillaume-Alexandre Bilodeau, and Robert Bergevin

Texture Complexity Based Redundant Regions Ranking for Object Proposal ..........cccccoviiiiiiiiiiic e 1083
Wei Ke, Tianliang Zhang, Jie Chen, Fang Wan, Qixiang Ye, and Zhenjun Han

Deeply Exploit Depth Information for Object DeteCHON ..........c.oiiiiiiiiie e 1092
Saihui Hou, Zilei Wang, and Feng Wu

Efficient Deep Feature Learning and Extraction via StochasticNets ..o 1101
Mohammad Javad Shafiee, Parthipan Siva, Paul Fieguth, and Alexander Wong

Embedding Sequential Information into Spatiotemporal Features for Action Recognition ............cccocceeiiiiinieeennnen. 1110
Yuancheng Ye and Yingli Tian

Learning Discriminative Features with Class ENCOAET .........cccoi it 1119
Hailin Shi, Xiangyu Zhu, Zhen Lei, Shengcai Liao, and Stan Z. Li

Do We Need Binary Features for 3D ReCONSIIUCHIONT ... ...t 1126
Bin Fan, Qingqun Kong, Wei Sui, Zhiheng Wang, Xinchao Wang, Shiming Xiang,
Chunhong Pan, and Pascal Fua

Deep Features or Not: Temperature and Time Prediction in Outdoor SCENES ........ccceeeeeiiiiiieeiiciieee e 1136
Anna Volokitin, Radu Timofte, and Luc Van Gool

Xiv



Euclidean and Hamming Embedding for Image Patch Description with Convolutional

INBEWOTKS ...ttt e et e e e e e e s e e e ae e e ek e e se e e e Re e e e R e e e Re e e e Re e e e R et e e nn e e e ne e e e re e e nneeenneees 1145
Zishun Liu, Zhenxi Li, Juyong Zhang, and Ligang Liu

Robust 2DPCA and ItS APPIICALION .......eiieiiiiiiieieie ettt et e et sn et e e bt nnee s 1152
Qiangian Wang and Quanxue Gao

Background Subtraction Using Local SVD Binary Pattern ...........ccooiiiiiiiiiii e 1159
Lili Guo, Dan Xu, and Zhenping Qiang

Generating Discriminative Object Proposals via Submodular RanKing ...........cccceiiiiiiiiiiiee e 1168
Yangmuzi Zhang, Zhuolin Jiang, Xi Chen, and Larry S. Davis

Improving Gradient Histogram Based Descriptors for Pedestrian Detection in Datasets

L T =T e Ty £= Ty = 1o ] o USSR 1177
Prashanth Balasubramanian, Sarthak Pathak, and Anurag Mittal

Unsupervised Robust Feature-Based Partition Ensembling to Discover Categories ..........coocvevieriiieeenieeeieee e 1187
Roberto J. Lépez-Sastre

The Best of BothWorlds: Combining Data-Independent and Data-Driven Approaches

Lo L Xe ([T a{=YeTe e 11 o] o USSR 1196

Zhenzhong Lan, Shoou-I Yu, Dezhong Yao, Ming Lin, Bhiksha Raj,
and Alexander Hauptmann

Observing and Understanding Hands in Action

Skeleton-Based Dynamic Hand Gesture RECOGNIION ..........ooiiiiiiiiiiiic et e 1206
Quentin De Smedt, Hazem Wannous, and Jean-Philippe Vandeborre

Learning Marginalization through Regression for Hand Orientation Inference ............cccocccoiiiiiiiici e, 1215
Muhammad Asad and Greg Slabaugh

Hidden Hands: Tracking Hands with an Occlusion Aware TracCker ..........cccoooiiiiiiiiiie e 1224

Akshay Rangesh, Eshed Ohn-Bar, and Mohan M. Trivedi

Effectiveness of Grasp Attributes and Motion-Constraints for Fine-Grained Recognition
Of Object Manipulation ACHONS .........eiiiiie ittt ettt e bt e e bt e sttt e sbe e e et e e e sneeesneeeabeeenas 1232
Kartik Gupta, Darius Burschka, and Arnav Bhavsar

Performance Evaluation of Tracking and Surveillance
PETS 2016: Dataset @and ChallENQge ...........eeoiiiieeiii ettt e ettt e et e e e s ae e e et e e eaneeeenseeeenneeeneeeanneeas 1240

Luis Patino, Tom Cane, Alain Vallee, and James Ferryman

Channel Coded Distribution Field Tracking for Thermal Infrared IMmagery ... 1248
Amanda Berg, J6rgen Ahlberg, and Michael Felsberg

Saliency-Based Detection for Maritime Object Tracking .........cc.oooieiiiiiiiiie et 1257

Tom Cane and James Ferryman

Robust Visual Tracking with Deep Convolutional Neural Network Based Object
Proposals ON PETS ... .ottt ettt et e ekt e e st e e b et e ek st e e bt e e e Re e e e b e e e nne e e e be e e e bn e e nnreenre s 1265
Gao Zhu, Fatih Porikli, and Hongdong Li

XV



Online Multi-object Tracking Based on Hierarchical Association Framework .............cccccceeveiiiiieeiniiiiee e 1273
Jaeyong Ju, Daehun Kim, Bonhwa Ku, Hanseok Ko, and David K. Han

Semantic Modelling for Behaviour Characterisation and Threat Detection ............ccccovovieiiiiiie e 1282
Luis Patino and James Ferryman

Realtime Anomaly Detection Using Trajectory-Level Crowd Behavior Learning .........ccccoocoiieeiiiiiiee e 1289
Aniket Bera, Sujeong Kim, and Dinesh Manocha

Abnormal Event Recognition: A Hybrid Approach Using SemanticWeb Technologies............cccccvieiiiiiieiieiiiieneees 1297
Luca Greco, Pierluigi Ritrovato, Alessia Saggese, and Mario Vento

Computer Vision for Microscopy Image Analysis

Spatially Aware Dictionary Learning and Coding for Fossil Pollen Identification .............cccccoiiiiiiiiiiiiniee 1305
Shu Kong, Surangi Punyasena, and Charless Fowlkes

Multi-view Multi-modal Feature Embedding for Endomicroscopy Mosaic Classification ...........ccccccoieeiiiiniiecnnnn. 1315
Yun Gu, Jie Yang, and Guang-Zhong Yang

Neuron Segmentation Based on CNN with Semi-Supervised Regularization ..............cccoccceiiiiiiiiiic e, 1324
Kun Xu, Hang Su, Jun Zhu, Ji-Song Guan, and Bo Zhang

3D Structure Modeling of Dense Capillaries by Multi-objects Tracking ...........cccceeiieeiiieeiee e 1333
Ryoma Bise, Imari Sato, Kentaro Kajiya, and Toyonobu Yamashita

Analysing the Structure of Collagen Fibres in SBFSEM IMagES ......cc.uiiiiiiiiiiieiiiee et 1342
Yassar Almutairi, Timothy Cootes, and Karl Kadler

Cluster Sensing Superpixel aNd GrOUPING .........eeoiiiiiiiieiiiie et eeee e et e et e e et esbe e e s nbeeeebeeesbeeeabeeeeneeesanee 1350
Rui Li and Lu Fang

3D Convolutional Networks-Based Mitotic Event Detection in Time-Lapse Phase
Contrast Microscopy Image Sequences of Stem Cell Populations ............cooiiiiiiiiiiie e 1359
Wei-Zhi Nie, Wen-Hui Li, An-An Liu, Tong Hao, and Yu-Ting Su

Segmentation of Overlapping Cervical Cells in Microscopic Images with Superpixel
Partitioning and Cell-Wise Contour REfINEMENT ...........ooiiiiii et e e 1367
Hansang Lee and Junmo Kim

Unsupervised Segmentation of Cervical Cell Images Using Gaussian Mixture Model ............ccccceviiieiiiinieenneen. 1374
Srikanth Ragothaman, Sridharakumar Narasimhan, Madivala G Basavarayj,
and Rajan Dewar

ICORD: Intelligent Collection of Redundant Data — A Dynamic System
for Crowdsourcing Cell Segmentations Accurately and Efficiently ..., 1380
Mehrnoosh Sameki, Danna Gurari, and Margrit Betke

Four Dimensional Image Registration for Intravital MiCrOSCOPY .....cccouiiiiiiiiiiii e 1390
Chichen Fu, Neeraj Gadgil, Khalid K. Tahboub, Paul Salama, Kenneth W. Dunn,
and Edward J. Delp

Methodology for Increasing the Measurement Accuracy of Image Features ..........cccoooiieiiiiiiic e 1399
Michael Majurski, Joe Chalfoun, Steven P. Lund, Peter Bajcsy, and Mary Brady

xvi



Moving Cameras Meet Video Surveillance: From Body-Borne Cameras
to Drones

Surveillance (Oversight), Sousveillance (Undersight), and Metaveillance (Seeing Sight

Steve Mann

Covert Video Classification by Codebook Growing Pattern .............ccooueeiiiiiiiii e
Liang Du, Haitao Lang, Ying-Li Tian, Chiu C. Tan, Jie Wu, and Haibin Ling

Detecting Anomalous Objects on Mobile Platforms ...........cooiiiiiiiii e
Wallace Lawson, Laura Hiatt, and Keith Sullivan

Robust Detection of Moving Vehicles in Wide Area Motion IMagery ...........occouiiiiiiiiiiee it
Michael Teutsch and Michael Grinberg

Real-Time Vehicle Tracking in Aerial Video Using Hyperspectral Features ............ccccoiiiiiiiiiie e,
Burak Uzkent, Matthew J. Hoffman, and Anthony Vodacek

Context-Based Affect Recognition and Affective Face In-the-Wild

Extended DISFA Dataset: Investigating Posed and Spontaneous Facial EXpressions ...........cccccccviieiiiiiininecineen,
Mohammad Mavadati, Peyten Sanger, and Mohammad H. Mahoor

A Framework for Joint Estimation and Guided Annotation of Facial Action Unit Intensity ............ccccoeevieeeiiiiiieneens
Robert Walecki, Ognjen Rudovic, Maja Pantic, Vladimir Paviovic, and Jeffrey F. Cohn

Gaussian Process Domain Experts for Model Adaptation in Facial Behavior Analysis ...........ccccooociiiieeiieeiiineee
Stefanos Eleftheriadis, Ognjen Rudovic, Marc P. Deisenroth, and Maja Pantic

Automatic Recognition of Emotions and Membership in Group VIidEOS ...........coociiiiiiiiiiiieiiiic e
Wenxuan Mou, Hatice Gunes, and loannis Patras

Facial Affect “In-the-Wild”: A Survey and a New Database ............cccoocviiiiiiiiiiic e
Stefanos Zafeiriou, Athanasios Papaioannou, Irene Kotsia, Mihalis Nicolaou,
and Guoying Zhao

Fusing Aligned and Non-aligned Face Information for Automatic Affect Recognition
in the Wild: A Deep Learning APPIOACK .......coi oottt et e e e e e aeeeeeese s s st e aeeeeeeeeeaaeaeeeesanannnnnsnes
Bo-Kyeong Kim, Suh-Yeon Dong, Jihyeon Roh, Geonmin Kim, and Soo-Young Lee

Facial Expression Recognition from World Wild WED ...
Ali Mollahosseini, Behzad Hassani, Michelle J. Salvador, Hojjat Abdollahi, David Chan,
and Mohammad H. Mahoor

Facial Expression Recognition in the Wild Using Improved Dense Trajectories
E= Talo I S T=] o T=T g VA= Yor (o] gl =1 Tt |1 T IR URURSSR:
Sadaf Afshar and Albert Ali Salah

Towards an “In-the-Wild” Emotion Dataset Using a Game-Based Framework ..o
Wei Li, Farnaz Abtahi, Christina Tsangouri, and Zhigang Zhu

Recurrent Convolutional Neural Network Regression for Continuous Pain Intensity
=8 (g =Y To] g TN o BV T [T TSRS
Jing Zhou, Xiaopeng Hong, Fei Su, and Guoying Zhao

xvii



Towards Facial Expression Recognition in the Wild: A New Database and Deep

LR TCT oo | 11 ([T AT} =] (=] o SR 1544
Xianlin Peng, Zhaogiang Xia, Lei Li, and Xiaoyi Feng

A 3D Mask Face Anti-Spoofing Database with Real World Variations ..o 1551
Siqi Liu, Baoyao Yang, Pong C. Yuen, and Guoying Zhao

Sequential Face Alignment via Person-Specific Modeling in the Wild ...........occiiiiiiiii e 1558
Xi Peng, Junzhou Huang, and Dimitris N. Metaxas

Automatic Traffic Surveillance

Vehicle Re-identification for Automatic Video Traffic SUIVEIIIANCE ...........cooooiiiiiiieeeeeee e 1568
Dominik Zapletal and Adam Herout

Semantic Depth Map Fusion for Moving Vehicle Detection in Aerial Vid€o ..........ccccoiiiiiiiiiiiiiiii e 1575
Mahdieh Poostchi, Hadi Aliakbarpour, Raphael Viguier, Filiz Bunyak,
Kannappan Palaniappan, and Guna Seetharaman

Towards Semantic Understanding of Surrounding Vehicular Maneuvers: A Panoramic

Vision-Based Framework for Real-World Highway StUdIes ............cociiiiiiiiiii e 1584
Miklas S. Kristoffersen, Jacob V. Dueholm, Ravi K. Satzoda, Mohan M. Trivedi,
Andreas Magelmose, and Thomas B. Moeslund

The Counting App, or How to Count Vehicles in 500 Hours of VId€0 ..........ccooiiiiiiiiiiie e 1592
Adrien Lessard, Francois Belisle, Guillaume-Alexandre Bilodeau, and Nicolas Saunier

Analyzing Wheels of Vehicles in Motion Using Laser SCanning ........c..cooeiiiieiiiicniee e 1601
Andreas Magelmose and Thomas B. Moeslund

Fast Classification of Empty and Occupied Parking Spaces Using Integral Channel

FRATUIES ..ottt et ettt e e e e e e e e eeee et e e e ettt eeeeeeaeteeeea————————aaeaeaeaeeeerrtrrr————————————— 1609
Martin Ahrnbom, Kalle Astrém, and Mikael Nilsson

Author Index

xviii





