
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

IEEE Catalog Number: 
ISBN: 

CFP21CIP-POD 
978-1-6654-3102-6 

2021 IEEE International 
Conference on Image Processing 
(ICIP 2021) 

Anchorage, Alaska, USA 
19 – 22 September 2021 

Pages 1-653 

1/6 



 
 
 
 
 
 
 
Copyright © 2021 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 is a print representation of what appears in the IEEE Digital 
Library.  Some format issues inherent in the e-media version may also 
appear in this print version.  
 
 
IEEE Catalog Number:   CFP21CIP-POD 
ISBN (Print-On-Demand):  978-1-6654-3102-6 
ISBN (Online):   978-1-6654-4115-5 
ISSN:                            1522-4880 
 
           
 
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 
 

 
 



xxiii

TABLE OF CONTENTS

BIO-1: BIOMEDICAL SIGNAL PROCESSING 1

BIO-1.1: AN ADVERSARIAL COLLABORATIVE-LEARNING APPROACH FOR CORNEAL ......................................... 1
SCAR SEGMENTATION WITH OCULAR ANTERIOR SEGMENT PHOTOGRAPHY
Ke Wang, Tsinghua University, China; Guangyu Wang, Beijing University of Posts and Telecommunications, Macao SAR of 
China; Kang Zhang, Macau University of Science and Technology, Macao SAR of China; Chen Ting, Tsinghua University, China

BIO-1.2: BRIDGING THE GAP BETWEEN OUTPUTS: DOMAIN ADAPTATION FOR ..................................................... 6
LUNG CANCER IHC SEGMENTATION
Li Diao, Shanghai Jiao Tong University, China; Haoyue Guo, Tongji University, China; Yue Zhou, Shanghai Jiao Tong University, 
China; Yayi He, Shanghai Pulmonary Hospital, China

BIO-1.3: AKFNET: AN ANATOMICAL KNOWLEDGE EMBEDDED FEW-SHOT .............................................................11
NETWORK FOR MEDICAL IMAGE SEGMENTATION
Yanan Wei, Jiang Tian, Cheng Zhong, Zhongchao Shi, Lenovo, China

BIO-1.4: MEIBOMIAN GLANDS SEGMENTATION IN NEAR-INFRARED IMAGES WITH .......................................... 16
WEAKLY SUPERVISED DEEP LEARNING
Xiaoming Liu, Shuo Wang, Wuhan University of Science and Technology, China; Ying Zhang, Wuhan Aier Eye Hospital, China

BIO-1.5: RAR-U-NET: A RESIDUAL ENCODER TO ATTENTION DECODER BY ............................................................ 21
RESIDUAL CONNECTIONS FRAMEWORK FOR SPINE SEGMENTATION UNDER NOISY 
LABELS
Ziyang Wang, Oxford University, United Kingdom; Zhengdong Zhang, Beihang University, China; Irina Voiculescu, Oxford 
University, United Kingdom

BIO-1.6: FEATURE DISENTANGLEMENT FOR CROSS-DOMAIN RETINA VESSEL .................................................... 26
SEGMENTATION
Jie Wang, Chaoliang Zhong, Cheng Feng, Jun Sun, Fujitsu R&D Center, Co., LTD, China; Yasuto Yokota, Fujitsu Laboratories, 
Japan

BIO-1.7: MULTI-ENCODER PARSE-DECODER NETWORK FOR SEQUENTIAL ........................................................... 31
MEDICAL IMAGE SEGMENTATION
Dachuan Shi, Ruiyang Liu, Linmi Tao, Zuoxiang He, Tsinghua University, China; Li Huo, Peking Union Medical College 
Hospital, China

BIO-1.8: WHAT IS THE BEST DATA AUGMENTATION FOR 3D BRAIN TUMOR ........................................................... 36
SEGMENTATION?
Marco Domenico Cirillo, David Abramian, Anders Eklund, Linköpings Universitet, Sweden

BIO-1.9: L-SNET: FROM REGION LOCALIZATION TO SCALE INVARIANT MEDICAL ............................................. 41
IMAGE SEGMENTATION
Jiahao Xie, Sheng Zhang, Jianwei Lu, Ye Luo, Tongji University, China

BIO-1.10: GAN-BASED SUPER-RESOLUTION AND SEGMENTATION OF RETINAL ................................................... 46
LAYERS IN OPTICAL COHERENCE TOMOGRAPHY SCANS
Paria Jeihouni, Omid Dehzangi, Annahita Amireskandari, Ali Rezai, Nasser Nasrabadi, West Virginia University, United States

BIO-1.11: CONNECTIVITY BASED FUNCTIONAL SEGMENTATION OF THE ............................................................... 51
BRAINSTEM
Nandinee Fariah Haq, Christina Zhang, Linlin Gao, Tianze Yu, Martin J. McKeown, University of British Columbia, Canada



xxiv

BIO-1.12: UNSUPERVISED SEGMENTATION FRAMEWORK WITH ACTIVE ................................................................ 56
CONTOUR MODELS FOR CINE CARDIAC MRI
Du Lianyu, Shanghai Jiao Tong University, China; Hu Liwei, Shanghai Children’s Medical Center affiliated with Shanghai 
Jiao Tong University School of Medicine, China; Zhang Xiaoyun, Zhong Yumin, Zhang Ya, Wang Yanfeng, Shanghai Jiao Tong 
University, China

BIO-2: BIOMEDICAL SIGNAL PROCESSING 2

BIO-2.1: CONSISTENT POSTERIOR DISTRIBUTIONS UNDER VESSEL-MIXING: A ................................................... 61
REGULARIZATION FOR CROSS-DOMAIN RETINAL ARTERY/VEIN CLASSIFICATION
Chenxin Li, Yunlong Zhang, Zhehan Liang, Wenao Ma, Yue Huang, Xinghao Ding, Xiamen University, China

BIO-2.2: EVALUATING SELF-SUPERVISED LEARNING METHODS FOR ...................................................................... 66
DOWNSTREAM CLASSIFICATION OF NEOPLASIA IN BARRETT’S ESOPHAGUS
Stefan Cornelissen, Joost van der Putten, Tim Boers, Eindhoven University of Technology, Netherlands; Jelmer Jukema, Kiki 
Fockens, Jacques Bergman, Amsterdam University Medical Centers, Netherlands; Fons van der Sommen, Peter de With, 
Eindhoven University of Technology, Netherlands

BIO-2.3: WEAKLY-SUPERVISED AUTOMATIC BIOMARKERS DETECTION AND ....................................................... 71
CLASSIFICATION OF RETINAL OPTICAL COHERENCE TOMOGRAPHY IMAGES
Xiaoming Liu, Zhipeng Liu, Wuhan University of Science and Technology, China; Ying Zhang, Man Wang, Wuhan Aier Eye 
Hospital, China; Bo Li, Wuhan University of Science and Technology, China; Jinshan Tang, George Mason University, United 
States

BIO-2.4: UNITOPATHO, A LABELED HISTOPATHOLOGICAL DATASET FOR .............................................................. 76
COLORECTAL POLYPS CLASSIFICATION AND ADENOMA DYSPLASIA GRADING
Carlo Alberto Barbano, Daniele Perlo, Enzo Tartaglione, Attilio Fiandrotti, Luca Bertero, Paola Cassoni, Marco Grangetto, 
University of Turin, Italy

BIO-2.5: FREQUENCY FILTERING FOR DATA AUGMENTATION IN X-RAY IMAGE .................................................. 81
CLASSIFICATION
Ju-Hyeon Nam, Sang-Chul Lee, Inha University, Republic of Korea

BIO-2.6: GSLD: A GLOBAL SCANNER WITH LOCAL DISCRIMINATOR NETWORK .................................................. 86
FOR FAST DETECTION OF SPARSE PLASMA CELL IN IMMUNOHISTOCHEMISTRY
Qi Zhang, Zhu Meng, Zhicheng Zhao, Fei Su, School of Artificial Intelligence, Beijing University of Posts and 
Telecommunications; Beijing Key Laboratory of Network System and Network Culture, China

BIO-2.7: CCF-NET: COMPOSITE CONTEXT FUSION NETWORK WITH ........................................................................ 91
INTER-SLICE CORRELATIVE FUSION FOR MULTI-DISEASE LESION DETECTION
Zihao Li, School of Artificial Intelligence, University of Chinese Academy of Sciences, China; Jiechao Ma, Shu Zhang, Yemin Shi, 
Deepwise AI Lab, China; Junge Zhang, Kaiqi Huang, Institute of Automation, Chinese Academy of Sciences, China; Yizhou Yu, 
Deepwise AI Lab, China

BIO-2.8: INTERPRETATION OF LESIONAL DETECTION VIA COUNTERFACTUAL ................................................... 96
GENERATION
Junho Kim, Minsu Kim, Yong Man Ro, Korea Advanced Institute of Science and Technology, Republic of Korea

BIO-2.9: NUCLEAR DENSITY DISTRIBUTION FEATURE FOR IMPROVING .............................................................. 101
CERVICAL HISTOPATHOLOGICAL IMAGES RECOGNITION
Zhuangzhuang Wang, Mengning Yang, Chongqing University, China; Yangfan Lyu, Second Affiliated Hospital, Army Medical 
University, China; Kairun Chen, Qicheng Tang, Chongqing University, China

BIO-2.11: UNSUPERVISED DOMAIN ALIGNMENT BASED OPEN SET STRUCTURAL .............................................. 106
RECOGNITION OF MACROMOLECULES CAPTURED BY CRYO-ELECTRON TOMOGRAPHY
Yuchen Zeng, Gregory Howe, Carnegie Mellon University, United States; Kai Yi, King Abdullah University of Science and 
Technology, Saudi Arabia; Xiangrui Zeng, Carnegie Mellon University, United States; Jing Zhang, University of California, 
Irvine, United States; Yi-Wei Chang, University of Pennsylvania, United States; Min Xu, Carnegie Mellon University, United 
States



xxv

BIO-2.12: GRAPH-IN-GRAPH CONVOLUTIONAL NETWORKS FOR BRAIN DISEASE ..............................................111
DIAGNOSIS
Haiyu Zhou, Daoqiang Zhang, Nanjing University of Aeronautics and Astronautics, China

BIO-3: BIOMEDICAL SIGNAL PROCESSING 3

BIO-3.1: SU-SAMPLING BASED ACTIVE LEARNING FOR LARGE-SCALE ..................................................................116
HISTOPATHOLOGY IMAGE
Yiqing Shen, Jing Ke, Shanghai Jiao Tong University, China

BIO-3.2: IDENTIFYING COHERENT SUBGRAPHS IN DYNAMIC BRAIN NETWORKS............................................. 121
Vikram Ravindra, Purdue University, United States; Geoffrey Sanders, Lawrence Livermore National Labs, United States; Ananth 
Grama, Purdue University, United States

BIO-3.3: LEARNING TO CORRECT AXIAL MOTION IN OCT FOR 3D RETINAL ....................................................... 126
IMAGING
Yiqian Wang, Alexandra Warter, Melina Cavichini-Cordeiro, William Freeman, Dirk-Uwe Bartsch, Truong Nguyen, Cheolhong 
An, University of California, San Diego, United States

BIO-3.4: A REGISTRATION ERROR ESTIMATION FRAMEWORK FOR CORRELATIVE ........................................ 131
IMAGING
Guillaume Potier, Université de Nantes, CNRS, INSERM, France; Frédéric Lavancier, Université de Nantes, France; Stephan 
Kunne, Université de Nantes, CNRS, INSERM, France; Perrine Paul-Gilloteaux, Université de Nantes, Inserm, CNRS, France

BIO-3.5: ITERATIVE REWEIGHTED LOCAL CROSS CORRELATION METHOD FOR ............................................. 136
NONLINEAR REGISTRATION OF MULTIPHASE LIVER CT IMAGES
Chongfei Huang, Chenhui Qiu, Zhejiang University, China; Zhiyi Peng, The First Affiliated Hospital, Zhejiang University School 
of Medicine, China; Jing Yuan, Xidian University, China; Dexing Kong, Zhejiang University, China

BIO-3.6: MULTI-SCALE MODELING OF NEURAL STRUCTURE IN X-RAY IMAGERY.............................................. 141
Aishwarya Balwani, Joseph Miano, Ran Liu, Georgia Institute of Technology, United States; Lindsey Kitchell, Johns Hopkins 
University Applied Physics Laboratory, United States; Judy A. Prasad, University of North Carolina at Chapel Hill, United 
States; Erik C. Johnson, William Gray-Roncal, Johns Hopkins University Applied Physics Laboratory, United States; Eva L. Dyer, 
Georgia Institute of Technology / Emory University, United States

BIO-3.7: A DUAL DOMAIN NETWORK FOR MRI RECONSTRUCTION USING GABOR ........................................... 146
LOSS
Hyunseok Seo, Korea Institute of Science and Technology, Republic of Korea; Kelly Minje Shin, CheongShim International 
Academy, Republic of Korea; Yeunwoong Kyung, Hanshin University, Republic of Korea

BIO-3.9: KINET: A NON-INVASIVE METHOD FOR PREDICTING KI67 INDEX OF ..................................................... 150
GLIOMA
Xuhui Li, Yong Xu, Central South University, China; Feng Xiang, Qing Liu, Xiangya Hospital of Central South University, China; 
Weihong Huang, Mobile Health Ministry of Education-China Mobile Joint Laboratory, China; Bin Xie, Central South University, 
Hunan Xiangjiang Artificial Intelligence Academy, China

BIO-3.10: UTR: UNSUPERVISED LEARNING OF THICKNESS-INSENSITIVE ............................................................. 155
REPRESENTATIONS FOR ELECTRON MICROSCOPE IMAGE
Tong Xin, Bohao Chen, Xi Chen, Hua Han, Chinese Academy of Sciences, China

BIO-3.11: EEG-BASED ANALYSIS OF THE IMPACT OF FAMILIARITY IN THE .......................................................... 160
PERCEPTION OF DEEPFAKE VIDEOS
Jan-Philipp Tauscher, Susana Castillo, TU Braunschweig, Germany; Sebastian Bosse, Fraunhofer Institute for 
Telecommunications, Germany; Marcus Magnor, TU Braunschweig, Germany

BIO-3.12: INTERPOLATION OF CT PROJECTIONS BY EXPLOITING THEIR ............................................................. 165
SELF-SIMILARITY AND SMOOTHNESS
Davood Karimi, Harvard University, United States; Rabab Ward, The University of British Columbia, Canada



xxvi

COVID-IP-1: COVID RELATED IMAGE PROCESSING 1

COVID-IP-1.1: EMPLOYING ACOUSTIC FEATURES TO AID NEURAL NETWORKS ................................................ 170
TOWARDS PLATFORM AGNOSTIC LEARNING IN LUNG ULTRASOUND IMAGING
Mahesh Raveendranatha Panicker, Indian Institute of Technology Palakkad, India; Yale Tung Chen, Hospital Universitario La 
Paz, Madrid, Spain; Gayathri M, Madhavanunni A N, Indian Institute of Technology Palakkad, India; Kiran Vishnu Narayan, 
Government Medical College, Kottayam, India; Kesavadas C, Sree Chitra Tirunal Institute for Medical Sciences and Technology, 
Trivandrum, India; Vinod A P, Indian Institute of Technology Palakkad, India

COVID-IP-1.2: DEEP ACTIVE LEARNING FOR FIBROSIS SEGMENTATION OF ........................................................ 175
CHEST CT SCANS FROM COVID-19 PATIENTS
Xiaohong Liu, Tsinghua University, China; Kai Wang, University of California, San Diego, United States; Ting Chen, Tsinghua 
University, China

COVID-IP-1.3: HYBRID DEEP LEARNING MODEL FOR DIAGNOSIS OF COVID-19 ................................................. 180
USING CT SCANS AND CLINICAL/DEMOGRAPHIC DATA
Parnian Afshar, Shahin Heidarian, Farnoosh Naderkhani, Concordia University, Canada; Moezedin Javad Rafiee, McGill 
University, Canada; Anastasia Oikonomou, Konstantinos N. Plataniotis, University of Toronto, Canada; Arash Mohammadi, 
Concordia University, Canada

COVID-IP-1.4: RELIABLE COVID-19 DETECTION USING CHEST X-RAY IMAGES................................................... 185
Aysen Degerli, Mete Ahishali, Tampere University, Finland; Serkan Kiranyaz, Muhammad E. H. Chowdhury, Qatar University, 
Qatar; Moncef Gabbouj, Tampere University, Finland

COVID-IP-1.5: MMFC: MULTI-MODAL FUSION CASCADE FRAMEWORK FOR ....................................................... 190
COVID-19 DISEASE COURSE CLASSIFICATION
Han Yang, Mengke Zhang, Lu Shen, Qiuli Wang, Wanqiu Cheng, Chongqing University, China; Chen Liu, The First Affiliated 
Hospital of Army Medical University, China; Minjian Hong, Chongqing University, China

COVID-IP-1.6: POCFORMER: A LIGHTWEIGHT TRANSFORMER ARCHITECTURE .............................................. 195
FOR DETECTION OF COVID-19 USING POINT OF CARE ULTRASOUND
Shehan Perera, The Ohio State University, United States; Srikar Adhikari, University of Arizona, United States; Alper Yilmaz, The 
Ohio State University, United States

COVID-IP-1.7: FEATURES OF ICU ADMISSION IN X-RAY IMAGES OF COVID-19 .................................................... 200
PATIENTS
Douglas Pinto Sampaio Gomes, Anwaar Ulhaq, Manoranjan Paul, Machine Vision and Digital Health (MAVIDH) Research 
group, Charles Sturt University, Australia; Michael Horry, Subrata Chakraborty, Centre for Advanced Modelling and Geospatial 
Information Systems (CAMGIS), University of Technology Sydney, Australia; Manash Saha, Manning Rural Referral Hospital, 
Australia; Tanmoy Debnath, Machine Vision and Digital Health (MAVIDH) Research group, Charles Sturt University, Australia; 
D.M. Motiur Rahaman, Charles Sturt University, Australia

COVID-IP-1.8: EXPLOITING DEEP CROSS-SLICE FEATURES FROM CT IMAGES ................................................... 205
FOR MULTI-CLASS PNEUMONIA CLASSIFICATION
Jiawang Cao, Lulu Jiang, Junlin Hou, Longquan Jiang, Ruiwei Zhao, Weiya Shi, Fei Shan, Rui Feng, Fudan University, China

COVID-IP-1.9: BOOSTING DEEP TRANSFER LEARNING FOR COVID-19 ................................................................... 210
CLASSIFICATION
Fouzia Altaf, Syed M.S. Islam, Naeem K. Janjua, Edith Cowan University, Australia; Naveed Akhtar, University of Western 
Australia, Australia

COVID-IP-1.10: PAIRFLOW: ENHANCING PORTABLE CHEST X-RAY BY ................................................................... 215
FLOW-BASED DEFORMATION FOR COVID-19 DIAGNOSING
Ngan Le, University of Arkansas, United States; James Sorensen, UAMS Medical College, United States; Toan Duc Bui, VinAI 
Research, Viet Nam; Arabinda Choudhary, UAMS Medical College, United States; Khoa Luu, University of Arkansas, United 
States; Hien Nguyen, University of Houston, United States



xxvii

COVID-IP-2: COVID RELATED IMAGE PROCESSING 2

COVID-IP-2.1: COHABITATION DISCOVERY VIA SPATIAL AND TEMPORAL ........................................................... 220
CLUSTERING
Ruizhe Liu, Onewo Spacetech Service Ltd, China

COVID-IP-2.2: CRYO-RALIB - A MODULAR LIBRARY FOR ACCELERATING ........................................................... 225
ALIGNMENT IN CRYO-EM
Szu-Chi Chung, Cheng-Yu Hung, Huei-Lun Siao, Hung-Yi Wu, Wei-Hau Chang, I-Ping Tu, Academia Sinica, Taiwan

COVID-IP-2.3: DEEP PEDESTRIAN DENSITY ESTIMATION FOR SMART CITY ........................................................ 230
MONITORING
Kazuki Murayama, Kenji Kanai, Masaru Takeuchi, Heming Sun, Jiro Katto, Waseda University, Japan

COVID-IP-2.4: A 3D MODEL-BASED APPROACH FOR FITTING MASKS TO FACES IN ........................................... 235
THE WILD
Je Hyeong Hong, Korea Institute of Science and Technology, Republic of Korea; Hanjo Kim, Seoul National University, Republic 
of Korea; Minsoo Kim, University of Science and Technology, Republic of Korea; Gi Pyo Nam, Junghyun Cho, Korea Institute 
of Science and Technology, Republic of Korea; Hyeong-Seok Ko, Seoul National University, Republic of Korea; Ig-Jae Kim, 
University of Science and Technology, Republic of Korea

COVID-IP-2.5: FACE MASK AWARE ROBUST FACIAL EXPRESSION RECOGNITION ............................................. 240
DURING THE COVID-19 PANDEMIC
Bo Yang, Jianming Wu, Gen Hattori, KDDI Research, Inc., Japan

COVID-IP-2.6: OPEN-SET PERSON RE-IDENTIFICATION THROUGH ERROR .......................................................... 245
RESILIENT RECURRING GALLERY BUILDING
Philine Witzig, Evgeniy Upenik, Touradj Ebrahimi, École Polytechnique Fédérale de Lausanne (EPFL), Switzerland

COVID-IP-2.7: PHYSIOLOGICAL MONITORING OF FRONT-LINE CAREGIVERS FOR .......................................... 250
CV-19 SYMPTOMS: MULTI-RESOLUTION ANALYSIS & CONVOLUTIONAL-RECURRENT 
NETWORKS
Omid Dehzangi, Paria Jeihouni, West Virginia Univeristy, United States; Victor Finomore, Ali Rezai, West Virginia University, 
United States

MLR-APPL-BSIP: MACHINE LEARNING FOR BIOMEDICAL SIGNAL AND IMAGE 
PROCESSING

MLR-APPL-BSIP.1: DISTRIBUTIONAL SHIFTS IN AUTOMATED DIABETIC .............................................................. 255
RETINOPATHY SCREENING
Jay Nandy, Wynne Hsu, Mong Li Lee, National University of Singapore, Singapore

MLR-APPL-BSIP.2: IMPROVING IMAGE QUALITY IN LOW-FIELD MRI WITH DEEP ............................................ 260
LEARNING
Armando Garcia Hernandez, AIx-Marseille université, France; Pierre Fau, Institut Paoli-Calmettes, France; Stanislas Rapacchi, 
Julien Wojak, Aix-Marseille Université, France; Hugues Mailleux, Mohamed Benkreira, Institut Paoli-Calmettes, France; 
Mouloud Adel, Aix-Marseille Université, France

MLR-APPL-BSIP.3: EEG BASED VISUAL CLASSIFICATION WITH MULTI-FEATURE ............................................. 264
JOINT LEARNING
Xin Ma, Yiping Duan, Shuzhan Hu, Xiaoming Tao, Ning Ge, Tsinghua University, China

MLR-APPL-BSIP.4: DEPRESSION DETECTION BY COMBINING EYE MOVEMENT ................................................ 269
WITH IMAGE SEMANTICS
Yuxin Lin, Huimin Ma, University of Science and Technology Beijing, China; Zeyu Pan, Tsinghua University, China; Rongquan 
Wang, University of Science and Technology Beijing, China



xxviii

MLR-APPL-BSIP.5: DISENTANGLED REPRESENTATION LEARNING FOR DEEP MR ............................................. 274
TO CT SYNTHESIS USING UNPAIRED DATA
Runze Wang, Guoyan Zheng, Shanghai Jiao Tong University, China

MLR-APPL-BSIP.6: EFFORT-FREE AUTOMATED SKELETAL ABNORMALITY ......................................................... 279
DETECTION OF RAT FETUSES ON WHOLE-BODY MICRO-CT SCANS
Akihiro Fukuda, Changhee Han, Kazumi Hakamada, LPIXEL Inc., Japan

MLR-APPL-BSIP.7: EXPLAINING 3D CNNS FOR ALZHEIMER’S DISEASE ................................................................. 284
CLASSIFICATION ON SMRI IMAGES WITH MULTIPLE ROIS
Meghna P Ayyar, Jenny Benois-Pineau, Akka Zemmari, University of Bordeaux, Laboratoire Bordelais de Recherche en 
Informatique, France; Gwenaelle Catheline, Centre national de la recherche scientifique, Institut de Neurosciences Cognitives et 
Intégratives d’Aquitaine, France

MLR-APPL-BSIP.8: A DEEP LEARNING APPROACH FOR PREDICTION OF IVF ....................................................... 289
IMPLANTATION OUTCOME FROM DAY 3 AND DAY 5 TIME-LAPSE HUMAN EMBRYO IMAGE 
SEQUENCES
Mehryar Abbasi, Parvaneh Saeedi, Simon Fraser University, Canada; Jason Au, Jon Havelock, Pacific Centre for Reproductive 
Medicine, Canada

MLR-APPL-BSIP.9: ADVANCED DEEP NETWORK WITH ATTENTION AND ............................................................... 294
GENETIC-DRIVEN REINFORCEMENT LEARNING LAYER FOR AN EFFICIENT CANCER 
TREATMENT OUTCOME PREDICTION
Francesco Rundo, STMicroelectronics, Italy; Giuseppe Luigi Banna, Queen Alexandra Hospital, United Kingdom; Francesca 
Trenta, Sebastiano Battiato, University of Catania, Italy

MLR-APPL-BSIP.10: LIVER TUMOR DETECTION VIA A MULTI-SCALE ..................................................................... 299
INTERMEDIATE MULTI-MODAL FUSION NETWORK ON MRI IMAGES
Chao Pan, Tongji University, China; Peiyun Zhou, Zhongshan Hospital, Fudan University, China; Jingru Tan, Tongji University, 
China; Baoye Sun, Ruoyu Guan, Zhutao Wang, Zhongshan Hospital, Fudan University, China; Ye Luo, Jianwei Lu, Tongji 
University, China

MLR-APPL-BSIP.11: ENHANCING ALZHEIMER’S DISEASE DIAGNOSIS VIA ............................................................ 304
HIERARCHICAL 3D-FCN WITH MULTI-MODAL FEATURES
Chao Liu, Xiaodong Yang, Dading Chong, Peking University, China; Wenwu Wang, University of Surrey, United Kingdom; Liang 
Li, Peking University, China

MLR-APPL-BSIP.12: TURNIP: TIME-SERIES U-NET WITH RECURRENCE FOR NIR ............................................... 309
IMAGING PPG
Armand Comas-Massagué, Northeastern University, United States; Tim Marks, Hassan Mansour, Suhas Lohit, Mitsubishi Electric 
Research Laboratories (MERL), United States; Yechi Ma, Princeton University, United States; Xiaoming Liu, Michigan State 
University, United States

MLR-APPL-MDSP: MACHINE LEARNING FOR MULTIDIMENSIONAL SP

MLR-APPL-MDSP.1: HYBRID FUSION BASED APPROACH FOR MULTIMODAL ...................................................... 314
EMOTION RECOGNITION WITH INSUFFICIENT LABELED DATA
Puneet Kumar, Vedanti Khokher, Yukti Gupta, Balasubramanian Raman, Indian Institute of Technology Roorkee, India

MLR-APPL-MDSP.2: REMOVING DIMENSIONAL RESTRICTIONS ON ........................................................................ 319
COMPLEX/HYPER-COMPLEX NEURAL NETWORKS
Chase Gaudet, Anthony Maida, University of Louisiana at Lafayette, United States

MLR-APPL-MDSP.3: ADAPTIVE FREQUENCY HOPPING POLICY FOR FAST POSE ................................................ 324
ESTIMATION
Yuchen Liang, Yuehu Liu, Xi’an Jiaotong University, China



xxix

MLR-APPL-MDSP.4: DEPTH CORRECTION FOR TIME-OF-FLIGHT CAMERA USING ........................................... 329
DEPTH DISTORTION DEPENDENCY ON PULSE WIDTH OF IRRADIATED LIGHT
Tenta Sasaya, Wataru Watanabe, Toshiyuki Ono, Toshiba Corporation, Japan

MLR-APPL-MDSP.5: IMPROVING CLASSIFICATION ACCURACY WITH GRAPH .................................................... 334
FILTERING
Mounia Hamidouche, Carlos Lassance, Yuqing Hu, Lucas Drumetz, Bastien Pasdeloup, Vincent Gripon, IMT Atlantique, France

MLR-APPL-MDSP.6: ADVERSARIALLY ROBUST MULTI-SENSOR FUSION MODEL ................................................ 339
TRAINING VIA RANDOM FEATURE FUSION FOR SEMANTIC SEGMENTATION
Hong Joo Lee, Yong Man Ro, Korea Advanced Institute of Science and Technology, Republic of Korea

MLR-APPL-MDSP.7: 2DTPCA: A NEW FRAMEWORK FOR MULTILINEAR PRINCIPAL ......................................... 344
COMPONENT ANALYSIS
Cagri Ozdemir, Randy Hoover, Kyle Caudle, South Dakota Mines, United States

MLR-APPL-MDSP.8: CYCLIC DIFFEOMORPHIC TRANSFORMER NETS FOR .......................................................... 349
CONTOUR ALIGNMENT
Ilya Kaufman, Ron Shapira Weber, Oren Freifeld, Ben-Gurion University, Israel

MLR-APPL-MDSP.9: LEARNING-BASED LIGHT FIELD VIEW SYNTHESIS FOR ...................................................... 354
EFFICIENT TRANSMISSION AND STORAGE
Abrar Wafa, University of British Columbia, Canada; Mahsa T. Pourazad, TELUS Communications Inc., Canada; Panos 
Nasiopoulos, University of British Columbia, Canada

MLR-APPL-MDSP.10: TWO-STREAM HYBRID ATTENTION NETWORK FOR ........................................................... 359
MULTIMODAL CLASSIFICATION
Qipin Chen, Pennsylvania State University, United States; Zhenyu Shi, Zhen Zuo, Jinmiao Fu, Yi Sun, Amazon LLC, United States

MLR-APPL-MDSP.11: SNAPSHOT MULTISPECTRAL COMPLETION VIA ................................................................... 364
SELF-DICTIONARY TRANSFORMED TENSOR NUCLEAR NORM MINIMIZATION WITH TOTAL 
VARIATION
Keisuke Ozawa, Shinichi Sumiyoshi, Yusuke Sekikawa, Keisuke Uto, Yuichi Yoshida, Mitsuru Ambai, DENSO IT Laboratory, 
Japan

MLR-APPL-IVSMR-1: MACHINE LEARNING FOR IMAGE AND VIDEO SENSING, 
MODELING AND REPRESENTATION 1

MLR-APPL-IVSMR-1.1: A SIMPLE, EFFECTIVE WAY TO IMPROVE NEURAL NET .................................................. 369
CLASSIFICATION: ENSEMBLING UNIT ACTIVATIONS WITH A SPARSE OBLIQUE DECISION 
TREE
Arman Zharmagambetov, Miguel Á. Carreira-Perpiñán, University of California, Merced, United States

MLR-APPL-IVSMR-1.2: ADAPTIVE SIGNAL VARIANCES: CNN INITIALIZATION ................................................... 374
THROUGH MODERN ARCHITECTURES
Takahiko Henmi, Esmeraldo Ronnie Rey Zara, Gunma University, Japan; Yoshihiro Hirohashi, Individual, Japan; Tsuyoshi Kato, 
Gunma University, Japan

MLR-APPL-IVSMR-1.3: SPARSE AND STRUCTURED VISUAL ATTENTION................................................................. 379
Pedro Henrique Martins, Instituto de Telecomunicações, Portugal; Vlad Niculae, IvI, University of Amsterdam, Netherlands; 
Zita Marinho, Institute of Systems and Robotics / Priberam Labs, Portugal; André F. T. Martins, Instituto de Telecomunicações / 
Unbabel, Portugal

MLR-APPL-IVSMR-1.4: VVS: ACTION RECOGNITION WITH VIRTUAL VIEW ......................................................... 384
SYNTHESIS
Gao Peng, Yong-Lu Li, Hao Zhu, Jiajun Tang, Jin Xia, Cewu Lu, Shanghai Jiao Tong University, China



xxx

MLR-APPL-IVSMR-1.5: MULTI-TASK DISTILLATION: TOWARDS MITIGATING THE ............................................ 389
NEGATIVE TRANSFER IN MULTI-TASK LEARNING
Ze Meng, Xin Yao, Lifeng Sun, Tsinghua University, China

MLR-APPL-IVSMR-1.6: U-NOISE: LEARNABLE NOISE MASKS FOR INTERPRETABLE ........................................ 394
IMAGE SEGMENTATION
Teddy Koker, OpenMined, United States; Fatemehsadat Mireshghallah, University of California, San Diego, United States; Tom 
Titcombe, OpenMined, United States; Georgios Kaissis, Technical University of Munich, United States

MLR-APPL-IVSMR-1.7: NATURAL STATISTICS OF NETWORK ACTIVATIONS AND ............................................... 399
IMPLICATIONS FOR KNOWLEDGE DISTILLATION
Michael Rotman, Lior Wolf, Tel-Aviv University, Israel

MLR-APPL-IVSMR-1.8: REGULARIZATION VIA DEEP GENERATIVE MODELS: AN ............................................... 404
ANALYSIS POINT OF VIEW
Thomas Oberlin, Mathieu Verm, ISAE-SUPAERO, France

MLR-APPL-IVSMR-1.9: GET TO THE POINT: CONTENT CLASSIFICATION OF ........................................................ 409
ANIMATED GRAPHICS INTERCHANGE FORMATS WITH KEY-FRAME ATTENTION
Yongjuan Ma, Yu Wang, Pengfei Zhu, Junwen Pan, Hong Shi, Tianjin University, China

MLR-APPL-IVSMR-1.10: DIFFERENTIABLE DYNAMIC CHANNEL ASSOCIATION FOR ........................................ 414
KNOWLEDGE DISTILLATION
Qiankun Tang, Zhejiang Lab, China; Xiaogang Xu, Zhejiang Gongshang University, China; Jun Wang, Zhejiang Lab, China

MLR-APPL-IVSMR-1.11: THE MAXIMUM A POSTERIOR ESTIMATION OF DARTS.................................................. 419
Jun-Liang Lin, Yi-Lin Sung, Cheng-Yao Hong, Han-Hung Lee, Tyng-Luh Liu, Academia Sinica, Taiwan

MLR-APPL-IVSMR-1.12: IMPROVED MULTICLASS ADABOOST FOR IMAGE .......................................................... 424
CLASSIFICATION: THE ROLE OF TREE OPTIMIZATION
Arman Zharmagambetov, Magzhan Gabidolla, Miguel Carreira-Perpiñán, University of California, Merced, United States

MLR-APPL-IVSMR-2: MACHINE LEARNING FOR IMAGE AND VIDEO SENSING, 
MODELING AND REPRESENTATION 2

MLR-APPL-IVSMR-2.1: HARD SAMPLES RECTIFICATION FOR UNSUPERVISED ................................................... 429
CROSS-DOMAIN PERSON RE-IDENTIFICATION
Chih-Ting Liu, Man-Yu Lee, Tsai-Shien Chen, Shao-Yi Chien, National Taiwan University, Taiwan

MLR-APPL-IVSMR-2.2: FEW-SHOT CLASSIFICATION IN UNSEEN DOMAINS BY ................................................... 434
EPISODIC META-LEARNING ACROSS VISUAL DOMAINS
Yuan-Chia Cheng, Ci-Siang Lin, Fu-En Yang, Yu-Chiang Frank Wang, National Taiwan University, Taiwan

MLR-APPL-IVSMR-2.3: SYNTACTICALLY GUIDED GENERATIVE EMBEDDINGS .................................................. 439
FOR ZERO-SHOT SKELETON ACTION RECOGNITION
Pranay Gupta, Divyanshu Sharma, Ravi Kiran Sarvadevabhatla, International Institute of Information Technology, Hyderabad, 
India

MLR-APPL-IVSMR-2.4: ZERO-SHOT OBJECT DETECTION WITH TRANSFORMERS.............................................. 444
Ye Zheng, Institute of Computing Technology, Chinese Academy of Sciences;University of Chinese Academy of Sciences, China; 
Li Cui, Institute of Computing Technology, Chinese Academy of Sciences, China

MLR-APPL-IVSMR-2.5: DEEP ACTIVE LEARNING FROM MULTISPECTRAL DATA ................................................ 449
THROUGH CROSS-MODALITY PREDICTION INCONSISTENCY
Heng Zhang, Elisa Fromont, Univ Rennes, France; Sebastien Lefevre, Univ Bretagne Sud, France; Bruno Avignon, ATERMES, 
France



xxxi

MLR-APPL-IVSMR-2.6: HARDMIX: A REGULARIZATION METHOD TO MITIGATE ............................................... 454
THE LARGE SHIFT IN FEW-SHOT DOMAIN ADAPTATION
Ziyun Liang, Yun Gu, Jie Yang, Shanghai Jiao Tong University, China

MLR-APPL-IVSMR-2.7: OPEN-SET DOMAIN GENERALIZATION VIA METRIC ........................................................ 459
LEARNING
Kai Katsumata, Ikki Kishida, University of Tokyo, Japan; Ayako Amma, Woven Planet Holdings, Inc., Japan; Hideki Nakayama, 
University of Tokyo, Japan

MLR-APPL-IVSMR-2.8: RETHINKING TRAINING SCHEDULES FOR VERIFIABLY ................................................. 464
ROBUST NETWORKS
Hyojun Go, Junyoung Byun, Changick Kim, Korea Advanced Institute of Science and Technology, Republic of Korea

MLR-APPL-IVSMR-2.9: OPEN-SET RECOGNITION WITH GRADIENT-BASED .......................................................... 469
REPRESENTATIONS
Jinsol Lee, Ghassan AlRegib, Georgia Institute of Technology, United States

MLR-APPL-IVSMR-2.10: HIERARCHICAL DOMAIN-CONSISTENT NETWORK FOR .............................................. 474
CROSS-DOMAIN OBJECT DETECTION
Yuanyuan Liu, Ziyang Liu, Fang Fang, China University of Geosciences, Wuhan, China; Zhanghua Fu, The Chinese University of 
Hong Kong, China; Zhanlong Chen, China University of Geosciences, Wuhan, China

MLR-APPL-IVSMR-2.11: DOMAIN ADAPTING ABILITY OF SELF-SUPERVISED ....................................................... 479
LEARNING FOR FACE RECOGNITION
Chun-Hsien Lin, Bing-Fei Wu, National Chiao Tung University, Taiwan

MLR-APPL-IVSMR-2.12: SENSOR ADVERSARIAL TRAITS: ANALYZING ROBUSTNESS ........................................ 484
OF 3D OBJECT DETECTION SENSOR FUSION MODELS
Won Park, Nan Liu, University of Michigan, United States; Qi Alfred Chen, University of California, Irvine, United States; Z. 
Morley Mao, University of Michigan, United States

MLR-APPL-IVSMR-3: MACHINE LEARNING FOR IMAGE AND VIDEO SENSING, 
MODELING AND REPRESENTATION 3

MLR-APPL-IVSMR-3.1: IMAGE ENHANCED ROTATION PREDICTION FOR ............................................................. 489
SELF-SUPERVISED LEARNING
Shin’ya Yamaguchi, Sekitoshi Kanai, Tetsuya Shioda, Shoichiro Takeda, NTT, Japan

MLR-APPL-IVSMR-3.2: ENHANCING ADVERSARIAL ROBUSTNESS FOR IMAGE .................................................. 494
CLASSIFICATION BY REGULARIZING CLASS LEVEL FEATURE DISTRIBUTION
Cheng Yu, Youze Xue, Jiansheng Chen, Yu Wang, Tsinghua University, China; Huimin Ma, University of Science and Technology 
Beijing, China

MLR-APPL-IVSMR-3.3: SEMI-SUPERVISED LEARNING FOR MARS IMAGERY ....................................................... 499
CLASSIFICATION
Wenjing Wang, Lilang Lin, Zejia Fan, Jiaying Liu, Peking University, China

MLR-APPL-IVSMR-3.4: CLASS INCREMENTAL LEARNING FOR VIDEO ACTION .................................................. 504
CLASSIFICATION
Jiawei Ma, Xiaoyu Tao, Jianxing Ma, Xiaopeng Hong, Yihong Gong, Xi’an Jiaotong University, China

MLR-APPL-IVSMR-3.5: FINE-GRAINED MULTI-CLASS OBJECT COUNTING............................................................ 509
Hyojun Go, Junyoung Byun, Byeongjun Park, Myung-Ae Choi, Korea Advanced Institute of Science and Technology, Republic of 
Korea; Seunghwa Yoo, National Institute of Ecology, Republic of Korea; Changick Kim, Korea Advanced Institute of Science and 
Technology, Republic of Korea



xxxii

MLR-APPL-IVSMR-3.6: ITERATIVE SUBNETWORK WITH LINEAR HIERARCHICAL ........................................... 514
ORDERING FOR HUMAN POSE ESTIMATION
Shek Wai Chu, Chaoyi Zhang, University of Sydney, Australia; Yang Song, University of New South Wales, Australia; Weidong 
Cai, University of Sydney, Australia

MLR-APPL-IVSMR-3.7: UNSUPERVISED FAST VISUAL LOCALIZATION AND MAPPING ...................................... 519
WITH SLOW FEATURES
Muhammad Haris, Frankfurt University of Applied Sciences, Germany; Mathias Franzius, Honda Research Institute Europe 
GmbH, Germany; Ute Bauer-Wersing, Frankfurt University of Applied Sciences, Germany

MLR-APPL-IVSMR-3.8: MULTI-TASK OCCLUSION LEARNING FOR REAL-TIME ................................................... 524
VISUAL OBJECT TRACKING
Gozde Sahin, Laurent Itti, University of Southern California, United States

MLR-APPL-IVSMR-3.9: CRACK DETECTION AND REFINEMENT VIA DEEP ............................................................ 529
REINFORCEMENT LEARNING
Jinhyung Park, Yi-Chun Chen, Yu-Jhe Li, Kris Kitani, Carnegie Mellon University, United States

MLR-APPL-IVSMR-3.10: WEAKLY-SUPERVISED MOMENT RETRIEVAL NETWORK ............................................. 534
FOR VIDEO CORPUS MOMENT RETRIEVAL
Sunjae Yoon, Dahyun Kim, Ji Woo Hong, Junyeong Kim, Kookhoi Kim, Chang D. Yoo, Korea Advanced Institute of Science and 
Technology, Republic of Korea

MLR-APPL-IVSMR-3.11: PROGRESSIVE NEURAL IMAGE COMPRESSION WITH ................................................... 539
NESTED QUANTIZATION AND LATENT ORDERING
Yadong Lu, Department of Statistics, University of California Irvine, United States; Yinhao Zhu, Yang Yang, Amir Said, 
Qualcomm AI Research, Qualcomm Technologies, Inc., United States; Taco Cohen, Qualcomm AI Research, Qualcomm 
Technologies Netherlands B.V., United States

MLR-APPL-IVSMR-3.12: EDGE-LABELING BASED DIRECTED GATED GRAPH ...................................................... 544
NETWORK FOR FEW-SHOT LEARNING
Peixiao Zheng, Xin Guo, Lin Qi, Zhengzhou University, China

MLR-APPL-IVSMR-3.13: MICRO-EXPRESSION RECOGNITION BASED ON VIDEO ................................................ 549
MOTION MAGNIFICATION AND PRE-TRAINED NEURAL NETWORK
Mengjiong Bai, Roland Goecke, Damith Herath, University of Canberra, Australia

MLR-APPL-IP-1: MACHINE LEARNING FOR IMAGE PROCESSING 1

MLR-APPL-IP-1.1: MULTI-SCALE FEATURE GUIDED LOW-LIGHT IMAGE .............................................................. 554
ENHANCEMENT
Lanqing Guo, Renjie Wan, Nanyang Technological University, Singapore; Guan-Ming Su, Dolby Laboratories, United States; 
Alex C. Kot, Bihan Wen, Nanyang Technological University, Singapore

MLR-APPL-IP-1.2: CASCADE ATTENTION BLEND RESIDUAL NETWORK FOR ....................................................... 559
SINGLE IMAGE SUPER-RESOLUTION
Tianyu Chen, Guoqiang Xiao, Xiaoqin Tang, Xianfeng Han, Southwest University, China; Wenzhuo Ma, Xinye Gou, Chongqing 
Productivity Council, China

MLR-APPL-IP-1.3: SCALE-INVARIANT SALIENT EDGE DETECTION.......................................................................... 564
Gang Hu, Conner Saeli, State University of New York @ Buffalo State, United States

MLR-APPL-IP-1.4: TWO-STAGE DOMAIN ADAPTED TRAINING FOR BETTER ........................................................ 569
GENERALIZATION IN REAL-WORLD IMAGE RESTORATION AND SUPER-RESOLUTION
Cansu Korkmaz, Ahmet Murat Tekalp, Zafer Dogan, Koç University, Turkey

MLR-APPL-IP-1.5: LEARNING TO DISENTANGLE REPRESENTATIONS FOR RAIN  ............................................... N/A
STREAK REMOVAL
Younkwan Lee, Hyeongjun Yoo, Moongu Jeon, Gwangju Institute of Science and Technology, Republic of Korea



xxxiii

MLR-APPL-IP-1.6: QUALITY ASSESSMENT OF SCREEN CONTENT IMAGES BASED ............................................. 579
ON CONVOLUTIONAL NEURAL NETWORK WITH DUAL PATHWAYS
Yongli Chang, Sumei Li, Anqi Liu, Tianjin University, China

MLR-APPL-IP-1.7: IMPROVING THE QUALITY OF ILLUSTRATIONS: ........................................................................ 584
TRANSFORMING AMATEUR ILLUSTRATIONS TO A PROFESSIONAL STANDARD
Keita Awane, Koki Tsubota, Hikaru Ikuta, Yusuke Matsui, Kiyoharu Aizawa, University of Tokyo, Japan; Naohiro Yanase, BOOK 
WALKER Co.,Ltd., Japan

MLR-APPL-IP-1.8: SELF-ORGANIZED RESIDUAL BLOCKS FOR IMAGE ................................................................... 589
SUPER-RESOLUTION
Onur Keles, Ahmet Murat Tekalp, Koç University, Turkey; Junaid Malik, Tampere University, Finland; Serkan Kiranyaz, Qatar 
University, Qatar

MLR-APPL-IP-1.9: A UNIFIED DENSITY-DRIVEN FRAMEWORK FOR EFFECTIVE ................................................ 594
DATA DENOISING AND ROBUST ABSTENTION
Krishanu Sarker, Xiulong Yang, Yang Li, Saeid Belkasim, Shihao Ji, Georgia State University, United States

MLR-APPL-IP-1.10: QUALITY AND COMPLEXITY ASSESSMENT OF .......................................................................... 599
LEARNING-BASED IMAGE COMPRESSION SOLUTIONS
João Dick, Brunno Abreu, Federal University of Rio Grande do Sul, Brazil; Mateus Grellert, Federal University of Santa 
Catarina, Brazil; Sergio Bampi, Federal University of Rio Grande do Sul, Brazil

MLR-APPL-IP-1.11: ACCURATE COMPENSATION MAKES THE WORLD MORE CLEAR ....................................... 604
FOR THE VISUALLY IMPAIRED
Sijing Wu, Huiyu Duan, Xiongkuo Min, Danyang Tu, Guangtao Zhai, Shanghai Jiao Tong University, China

MLR-APPL-IP-2: MACHINE LEARNING FOR IMAGE PROCESSING 2

MLR-APPL-IP-2.1: GRAPH AFFINITY NETWORK FOR FEW-SHOT SEGMENTATION............................................. 609
Xiaoliu Luo, Taiping Zhang, Chongqing University, China

MLR-APPL-IP-2.2: PIXEL-WISE FAILURE PREDICTION FOR SEMANTIC VIDEO ................................................... 614
SEGMENTATION
Christopher Kuhn, BMW Group, Germany; Markus Hofbauer, Ziqin Xu, Technical University of Munich, Germany; Goran 
Petrovic, BMW Group, Germany; Eckehard Steinbach, Technical University of Munich, Germany

MLR-APPL-IP-2.3: SEMANTIC SEGMENTATION AND CHANGE DETECTION BY .................................................... 619
MULTI-TASK U-NET
Shungo Tsutsui, Tsubasa Hirakawa, Takayoshi Yamashita, Hironobu Fujiyoshi, Chubu University, Japan

MLR-APPL-IP-2.4: SEMI-SUPERVISED MEDICAL IMAGE SEMANTIC SEGMENTATION ...................................... 624
WITH MULTI-SCALE GRAPH CUT LOSS
Junxiao Sun, Yan Zhang, Southeast University, China; Jian Zhu, Shandong Academy of Medical Sciences, China; Jiasong Wu, 
Youyong Kong, Southeast University, China

MLR-APPL-IP-2.5: LEARNING WITH MEMORY FOR FEW-SHOT SEMANTIC .......................................................... 629
SEGMENTATION
Hongchao Lu, Chao Wei, Tsinghua University, China; Zhidong Deng, Tsinghua university, China

MLR-APPL-IP-2.6: LEARNING SKIP MAP FOR EFFICIENT ULTRA-HIGH .................................................................. 634
RESOLUTION IMAGE SEGMENTATION
Pengcheng Pi, Ziyu Jiang, Zixiang Xiong, Texas A&M University, United States

MLR-APPL-IP-2.7: PUZZLE-CAM: IMPROVED LOCALIZATION VIA MATCHING ................................................... 639
PARTIAL AND FULL FEATURES
Sanghyun Jo, GYNetworks, Republic of Korea; In-Jae Yu, Korea Advanced Institute of Science and Technology, Republic of Korea



xxxiv

MLR-APPL-IP-2.8: SPARSE SPATIAL ATTENTION NETWORK FOR SEMANTIC ....................................................... 644
SEGMENTATION
Mengyu Liu, Hujun Yin, University of Manchester, United Kingdom

MLR-APPL-IP-2.9: SEMANTIC SEGMENTATION IN DEPTH DATA : A COMPARATIVE ........................................... 649
EVALUATION OF IMAGE AND POINT CLOUD BASED METHODS
Jigyasa Singh Katrolia, German Research Centre for Artificial Intelligence, Germany; Lars Kraemer, Technical University of 
Kaiserslautern, Germany; Jason Rambach, Bruno Mirbach, Didier Stricker, German Research Centre for Artificial Intelligence, 
Germany

MLR-APPL-IP-2.10: GENERALIZING FLOOR PLANS USING GRAPH NEURAL ......................................................... 654
NETWORKS
Christoffer Plovmand Simonsen, Frederik Myrup Thiesson, Mark Philip Philipsen, Thomas Baltzer Moeslund, Aalborg University, 
Denmark

MLR-APPL-IP-2.11: ROBUST TRACKING FOR MOTION BLUR VIA CONTEXT ......................................................... 659
ENHANCEMENT
Zhongjie Mao, Xi Chen, Yucheng Wang, Jia Yan, Wuhan University, China

MLR-APPL-IP-2.12: TRACKING VISUAL OBJECT AS AN EXTENDED TARGET.......................................................... 664
Liang Xu, Ruixin Niu, Virginia Commonwealth University, United States

MLR-APPL-IP-3: MACHINE LEARNING FOR IMAGE PROCESSING 3

MLR-APPL-IP-3.1: HIERARCHICAL REGION PROPOSAL REFINEMENT NETWORK ............................................ 669
FOR WEAKLY SUPERVISED OBJECT DETECTION
Ming Zhang, Shuaicheng Liu, Bing Zeng, University of Electronic Science and Technology of China, China

MLR-APPL-IP-3.2: DEEP SENSOR FUSION BASED ON FRUSTUM POINT SINGLE ................................................... 674
SHOT MULTIBOX DETECTOR FOR 3D OBJECT DETECTION
Yu Wang, Ye Zhang, Shaohua Zhai, Hao Chen, Shaoqi Shi, Harbin Institute of Technology, China; Gang Wang, Alibaba Group, 
China

MLR-APPL-IP-3.3: MULTI-SCALE GRAPH CONVOLUTIONAL INTERACTION ........................................................ 679
NETWORK FOR SALIENT OBJECT DETECTION
Wenqi Che, Luoyi Sun, Zhifeng Xie, Youdong Ding, Kaili Han, Shanghai University, China

MLR-APPL-IP-3.4: MULTISCALE IOU: A METRIC FOR EVALUATION OF SALIENT ............................................... 684
OBJECT DETECTION WITH FINE STRUCTURES
Azim Ahmadzadeh, Dustin J. Kempton, Yang Chen, Rafal A. Angryk, Georgia State University, United States

MLR-APPL-IP-3.5: SGE NET: VIDEO OBJECT DETECTION WITH SQUEEZED GRU ............................................... 689
AND INFORMATION ENTROPY MAP
Rui Su, Wenjing Huang, Waseda University, China; Haoyu Ma, University of California, Irvine, United States; Xiaowei Song, 
Southeast University, China; Jinglu Hu, Waseda University, China

MLR-APPL-IP-3.6: PROVABLE TRANSLATIONAL ROBUSTNESS FOR OBJECT ........................................................ 694
DETECTION WITH CONVOLUTIONAL NEURAL NETWORKS
Axel Vierling, Charu James, Technische Universität Kaiserslautern, Germany; Nikoletta Katsaouni, Goethe University Frankfurt 
am Main, Germany; Karsten Berns, Technische Universität Kaiserslautern, Germany

MLR-APPL-IP-3.7: EFFECTIVE FEATURE FUSION NETWORK IN BIFPN FOR SMALL .......................................... 699
OBJECT DETECTION
Jun Chen, HongSheng Mai, Linbo Luo, Xiaoqiang Chen, Kangle Wu, China University of Geosciences, Wuhan, China

MLR-APPL-IP-3.8: OBJECT DETECTION AND AUTOENCODER-BASED 6D POSE .................................................... 704
ESTIMATION FOR HIGHLY CLUTTERED BIN PICKING
Timon Höfer, Faranak Shamsafar, Nuri Benbarka, Andreas Zell, University of Tuebingen, Germany



xxxv

MLR-APPL-IP-3.9: HUMAN VISION-LIKE ROBUST OBJECT RECOGNITION............................................................. 709
Peng Kang, Northwestern University, United States; Hao Hu, University of British Columbia, Canada; Srutarshi Banerjee, Henry 
Chopp, Aggelos K. Katsaggelos, Oliver Cossairt, Northwestern University, United States

MLR-APPL-IP-3.10: TRAINING AN EMBEDDED OBJECT DETECTOR FOR ................................................................ 714
INDUSTRIAL SETTINGS WITHOUT REAL IMAGES
Julia Cohen, Carlos Crispim-Junior, Université Lyon 2 - LIRIS (CNRS), France; Jean-Marc Chiappa, DEMS, France; Laure 
Tougne, Université Lyon 2 - LIRIS (CNRS), France

MLR-APPL-IP-3.11: SEMI-SUPERVISED OBJECT DETECTION WITH SPARSELY ..................................................... 719
ANNOTATED DATASET
Jihun Yoon, Seungbum Hong, Min-Kook Choi, hutom, Republic of Korea

MLR-APPL-IP-3.12: PSEUDO-LABEL GENERATION-EVALUATION FRAMEWORK FOR ........................................ 724
CROSS DOMAIN WEAKLY SUPERVISED OBJECT DETECTION
Shengxiong Ouyang, Xinglu Wang, Kejie Lyu, Yingming Li, Zhejiang University, China

MLR-APPL-IP-3.13: BOTTOM-UP SALIENCY MEETS TOP-DOWN SEMANTICS FOR .............................................. 729
OBJECT DETECTION
Tomoya Sawada, Teng-Yok Lee, Masahiro Mizuno, Mitsubishi Electric Corporation, Japan

MLR-APPL-IP-4: MACHINE LEARNING FOR IMAGE PROCESSING 4

MLR-APPL-IP-4.1: EBB: PROGRESSIVE OPTIMIZATION FOR PARTIAL DOMAIN .................................................. 734
ADAPTATION
Cheng Feng, Chaoliang Zhong, Jie Wang, Jun Sun, Fujitsu R&D Center, Co., LTD, China; Yasuto Yokota, Fujitsu Laboratories, 
Japan

MLR-APPL-IP-4.2: A PARAMETER EFFICIENT MULTI-SCALE CAPSULE NETWORK............................................. 739
Minki Jeong, Changick Kim, Korea Advanced Institute of Science and Technology, Republic of Korea

MLR-APPL-IP-4.3: GRADIENT LOCAL BINARY PATTERN FOR CONVOLUTIONAL ................................................ 744
NEURAL NETWORKS
Jialiang Tang, Ning Jiang, Wenxin Yu, Southwest University of Science and Technology, China

MLR-APPL-IP-4.4: INFOVAEGAN : LEARNING JOINT INTERPRETABLE ................................................................... 749
REPRESENTATIONS BY INFORMATION MAXIMIZATION AND MAXIMUM LIKELIHOOD
Fei Ye, Adrian Bors, University of York, United Kingdom

MLR-APPL-IP-4.5: RESCALING CNN THROUGH LEARNABLE REPETITION OF  .................................................... N/A
NETWORK PARAMETERS
Arnav Chavan, Udbhav Bamba, Rishabh Tiwari, Indian Institute of Technology (ISM) Dhanbad, India; Deepak Gupta, University 
of Amsterdam, India

MLR-APPL-IP-4.6: EXPLOITING LEARNED SYMMETRIES IN GROUP EQUIVARIANT .......................................... 759
CONVOLUTIONS
Attila Lengyel, Jan C. van Gemert, Delft University of Technology, Netherlands

MLR-APPL-IP-4.7: TRANSRESNET: TRANSFERABLE RESNET FOR DOMAIN  ......................................................... N/A
ADAPTATION
Juepeng Zheng, Tsinghua University, China; Wenzhao Wu, National Supercomputing Center in Wuxi, China; Yi Zhao, Haohuan 
Fu, Tsinghua University, China

MLR-APPL-IP-4.8: SOURCE CLASS SELECTION WITH LABEL PROPAGATION FOR ............................................. 769
PARTIAL DOMAIN ADAPTATION
Qian Wang, Toby Breckon, Durham University, United Kingdom



xxxvi

MLR-APPL-IP-4.9: AFFINE NON-NEGATIVE COLLABORATIVE REPRESENTATION .............................................. 774
FOR DEEP METRIC LEARNING
Min Zhu, Bao-Di Liu, Weifeng Liu, Kai Zhang, China University of Petroleum (East China), China; Ye Li, Qilu University of 
Technology (Shandong Academy of Sciences), China; Xiaoping Lu, Haier Industrial Intelligence Institute Co., Ltd, China

MLR-APPL-IP-4.10: SELF-BALANCED LEARNING FOR DOMAIN GENERALIZATION............................................ 779
Jin Kim, Jiyoung Lee, Jungin Park, Yonsei University, Republic of Korea; Dongbo Min, Ewha Womans University, Republic of 
Korea; Kwanghoon Sohn, Yonsei University, Republic of Korea

MLR-APPL-IP-4.11: ENHANCED SEPARABLE DISENTANGLEMENT FOR .................................................................. 784
UNSUPERVISED DOMAIN ADAPTATION
Youshan Zhang, Brian Davison, Lehigh University, United States

MLR-APPL-IP-4.12: WEIGHT REPARAMETRIZATION FOR BUDGET-AWARE .......................................................... 789
NETWORK PRUNING
Robin Dupont, Hichem Sahbi, Sorbonne université, France; Guillaume Michel, Netatmo, France

MLR-APPL-IP-4.13: TASK-AGNOSTIC CONTINUAL LEARNING USING BASE-CHILD ............................................ 794
CLASSIFIERS
Pranshu Ranjan Singh, Saisubramaniam Gopalakrishnan, Institute for Infocomm Research (I2R), A*STAR, Singapore; 
Qiao ZhongZheng, Ponnuthurai N. Suganthan, Nanyang Technological University (NTU), Singapore; Savitha Ramasamy, 
ArulMurugan Ambikapathi, Institute for Infocomm Research (I2R), A*STAR, Singapore

MLR-APPL-IP-5: MACHINE LEARNING FOR IMAGE PROCESSING 5

MLR-APPL-IP-5.1: UNIVERSAL ADVERSARIAL ROBUSTNESS OF TEXTURE AND .................................................. 799
SHAPE-BIASED MODELS
Kenneth Co, Luis Muñoz-González, Imperial College London, United Kingdom; Leslie Kanthan, DataSpartan, United Kingdom; 
Ben Glocker, Emil Lupu, Imperial College London, United Kingdom

MLR-APPL-IP-5.2: WEIGHTED AVERAGE PRECISION: ADVERSARIAL EXAMPLE ................................................ 804
DETECTION FOR VISUAL PERCEPTION OF AUTONOMOUS VEHICLES
Weiheng Chai, Yantao Lu, Senem Velipasalar, Syracuse University, United States

MLR-APPL-IP-5.3: FABRICATE-VANISH: AN EFFECTIVE AND TRANSFERABLE .................................................... 809
BLACK-BOX ADVERSARIAL ATTACK INCORPORATING FEATURE DISTORTION
Yantao Lu, Syracuse University, United States; Xueying Du, Bingkun Sun, Northwestern Polytechnical University, China; Haining 
Ren, Purdue University, United States; Senem Velipasalar, Syracuse University, United States

MLR-APPL-IP-5.4: ADVERSARIAL TRAINING WITH STOCHASTIC WEIGHT AVERAGE....................................... 814
Joong-Won Hwang, Youngwan Lee, Sungchan Oh, Yuseok Bae, Electronics and Telecommunications Research Institute, Republic 
of Korea

MLR-APPL-IP-5.5: SIMTROJAN: STEALTHY BACKDOOR ATTACK.............................................................................. 819
Yankun Ren, Longfei Li, Jun Zhou, Ant Group, China

MLR-APPL-IP-5.6: INTELLIGENT AND ADAPTIVE MIXUP TECHNIQUE FOR .......................................................... 824
ADVERSARIAL ROBUSTNESS
Akshay Agarwal, SUNY Buffalo, United States; Mayank Vatsa, Richa Singh, Indian Institute of Technology Jodhpur, India; Nalini 
Ratha, SUNY Buffalo, United States

MLR-APPL-IP-5.7: IMPROVING FILLING LEVEL CLASSIFICATION WITH ............................................................... 829
ADVERSARIAL TRAINING
Apostolos Modas, École Polytechnique Fédérale de Lausanne (EPFL), Switzerland; Alessio Xompero, Ricardo Sánchez-Matilla, 
Queen Mary University of London, United Kingdom; Pascal Frossard, École Polytechnique Fédérale de Lausanne (EPFL), 
Switzerland; Andrea Cavallaro, Queen Mary University of London, United Kingdom



xxxvii

MLR-APPL-IP-5.8: GENERATING ANNOTATED HIGH-FIDELITY IMAGES ................................................................ 834
CONTAINING MULTIPLE COHERENT OBJECTS
Bryan Cardenas Guevara, Devanshu Arya, Deepak K. Gupta, University of Amsterdam, Netherlands

MLR-APPL-IP-5.9: A HYPERSPECTRAL APPROACH FOR UNSUPERVISED SPOOF ................................................. 839
DETECTION WITH INTRA-SAMPLE DISTRIBUTION
Tomoya Kaichi, Keio University, Japan; Yuko Ozasa, Tokyo Denki University, Japan

MLR-APPL-IP-5.10: PART-BASED FEATURE SQUEEZING TO DETECT ADVERSARIAL ......................................... 844
EXAMPLES IN PERSON RE-IDENTIFICATION NETWORKS
Yu Zheng, Senem Velipasalar, Syracuse University, United States

MLR-APPL-IP-5.11: SQUEEZE AND RECONSTRUCT: IMPROVED PRACTICAL ........................................................ 849
ADVERSARIAL DEFENSE USING PAIRED IMAGE COMPRESSION AND RECONSTRUCTION
Bo-Han Kung, Pin-Chun Chen, Yu-Cheng Liu, Jun-Cheng Chen, Research Center for Information Technology Innovation, 
Academia Sinica, Taiwan

MLR-APPL-IP-6: MACHINE LEARNING FOR IMAGE PROCESSING 6

MLR-APPL-IP-6.1: CLASSIFICATION OF RIGID AND NON-RIGID TRANSFORMATIONS ...................................... 854
WITH AUTOENCODER REPRESENTATIONS
Alexis R. Tudor, Gunner Stone, Alireza Tavakkoli, Emily M. Hand, University of Nevada, Reno, United States

MLR-APPL-IP-6.2: MBB: A MULTI-SCALE METHOD FOR DATA BASED ON BIT PLANE ........................................ 859
SLICING
Youneng Bao, Harbin Institute of Technology, Shenzhen, China; Chao Li, Shenzhen University, China; Fanyang Meng, Pengcheng 
Laboratory, China; Yongsheng Liang, Harbin Institute of Technology, Shenzhen, China; Wei Liu, Pengcheng Laboratory, China; 
Kaiyu Liu, Harbin Institute of Technology, Shenzhen, China

MLR-APPL-IP-6.3: KNOWLEDGE TRANSFERRED FINE-TUNING FOR ANTI-ALIASED ......................................... 864
CONVOLUTIONAL NEURAL NETWORK IN DATA-LIMITED SITUATION
Satoshi Suzuki, Shoichiro Takeda, Ryuichi Tanida, Hideaki Kimata, NTT Corporation, Japan; Hayaru Shouno, University of 
Electro-Communications, Japan

MLR-APPL-IP-6.4: IMPROVING THE ROBUSTNESS OF CONVOLUTIONAL NEURAL ............................................ 869
NETWORKS VIA SKETCH ATTENTION
Tianshu Chu, Zuopeng Yang, Jie Yang, Xiaolin Huang, Shanghai Jiao Tong University, China

MLR-APPL-IP-6.5: IR-SSL: IMPROVED REGULARIZATION BASED ............................................................................. 874
SEMI-SUPERVISED LEARNING FOR LAND COVER CLASSIFICATION
Habib Ullah, University of Ha’il, Saudi Arabia, Saudi Arabia; Tawsin Uddin Ahmed, Mohib Ullah, Faouzi Alaya Cheikh, 
Norwegian University of Science and Technology, Norway

MLR-APPL-IP-6.6: LET THEM CHOOSE WHAT THEY WANT: A MULTI-TASK CNN ................................................. 879
ARCHITECTURE LEVERAGING MID-LEVEL DEEP REPRESENTATIONS FOR FACE 
ATTRIBUTE CLASSIFICATION
Zhenduo Chen, Feng Liu, Nanjing University of Posts and Telecommunications, China; Zhenglai Zhao, Jiangsu Bzisland 
Intelligent Technology Institute, China

MLR-APPL-IP-6.7: INDIAN MASKED FACES IN THE WILD DATASET.......................................................................... 884
Shiksha Mishra, Indian Institute of Technology Jodhpur, India; Puspita Majumdar, Indraprastha Institute of Information 
Technology, Delhi, India; Richa Singh, Mayank Vatsa, Indian Institute of Technology Jodhpur, India

MLR-APPL-IP-6.8: LEARNING ASSOCIATIVE REPRESENTATION FOR FACIAL ...................................................... 889
EXPRESSION RECOGNITION
Yangtao Du, Dingkang Yang, Peng Zhai, Mingchen Li, Lihua Zhang, Institute of AI and Robotics, Fudan University, China



xxxviii

MLR-APPL-IP-6.9: A TILT-ANGLE FACE DATASET AND ITS VALIDATION.................................................................. 894
Nanxi Wang, Zhongyuan Wang, Zheng He, Baojin Huang, Wuhan University, China; Liguo Zhou, Technical University of Munich, 
Germany; Zhen Han, Wuhan University, China

MLR-APPL-IP-6.10: PROGRESSIVE FACE SUPER-RESOLUTION WITH ...................................................................... 899
NON-PARAMETRIC FACIAL PRIOR ENHANCEMENT
Jonghyun Kim, Gen Li, Sungkyunkwan University, Republic of Korea; Cheolkon Jung, Xidian University, China; Joongkyu Kim, 
Sungkyunkwan University, Republic of Korea

MLR-APPL-IP-6.12: GEOMETRIC DATA AUGMENTATION BASED ON FEATURE MAP .......................................... 904
ENSEMBLE
Takashi Shibata, NTT, Japan; Masayuki Tanaka, Masatoshi Okutomi, Tokyo Institute of Technolgy, Japan

MLR-APPL-IP-7: MACHINE LEARNING FOR IMAGE PROCESSING 7

MLR-APPL-IP-7.1: DEEP ACTIVE LEARNING FOR HUMAN POSE ESTIMATION VIA ............................................. 909
CONSISTENCY WEIGHTED CORE-SET APPROACH
Wuqiang Zhang, Zijie Guo, Rong Zhi, Baofeng Wang, Daimler Greater China, China

MLR-APPL-IP-7.2: PARTITIONED CENTERPOSE NETWORK FOR BOTTOM-UP ..................................................... 914
MULTI-PERSON POSE ESTIMATION
Jiahua Wu, Hyo Jong Lee, Jeonbuk National University, Republic of Korea

MLR-APPL-IP-7.3: REALISTIC AUGMENTATION FOR EFFECTIVE 2D HUMAN POSE ........................................... 919
ESTIMATION UNDER OCCLUSION
Amin Ansarian, Maria Amer, Concordia University, Canada

MLR-APPL-IP-7.4: 3D HUMAN POSE REGRESSION USING GRAPH ............................................................................. 924
CONVOLUTIONAL NETWORK
Soubarna Banik, Technical University of Munich, Germany; Alejandro Mendoza Garcia, Alois Knoll, reFit Systems GmbH, 
Germany

MLR-APPL-IP-7.5: LINECOUNTER: LEARNING HANDWRITTEN TEXT LINE .......................................................... 929
SEGMENTATION BY COUNTING
Deng Li, University of Macau, Macao SAR of China; Yue Wu, Amazon, United States; Yicong Zhou, University of Macau, Macao 
SAR of China

MLR-APPL-IP-7.6: VISION AND TEXT TRANSFORMER FOR PREDICTING ............................................................... 934
ANSWERABILITY ON VISUAL QUESTION ANSWERING
Tung Le, Japan Advanced Institute of Science and Technology, Japan; Huy Tien Nguyen, University of Science, Vietnam National 
University Ho Chi Minh City, Zalo Research Center, Viet Nam; Minh Le Nguyen, Japan Advanced Institute of Science and 
Technology, Japan

MLR-APPL-IP-7.7: SEMANTIC-COMPENSATED AND ATTENTION-GUIDED NETWORK ....................................... 939
FOR SCENE TEXT DETECTION
Yizhan Zhao, Sumei Li, Yueyang Li, Tianjin University, China

MLR-APPL-IP-7.8: MOBILE REGISTRATION NUMBER PLATE RECOGNITION USING ......................................... 944
ARTIFICIAL INTELLIGENCE
Syed Talha Abid Ali, Abdul Hakeem Usama, Pakistan Institute of Engineering and Technology, Pakistan; Ishtiaq Rasool Khan, 
Muhammad Murtaza Khan, University of Jeddah, Saudi Arabia; Asif Siddiq, Pakistan Institute of Engineering and Technology, 
Pakistan

MLR-APPL-IP-7.9: DEFORMATION-INVARIANT NETWORKS FOR HANDWRITTEN .............................................. 949
TEXT RECOGNITION
George Retsinas, National Technical University of Athens, Greece; Giorgos Sfikas, Christophoros Nikou, University of Ioannina, 
Greece; Petros Maragos, National Technical University of Athens, Greece



xxxix

MLR-APPL-IP-7.10: ADVMIX: DATA AUGMENTATION FOR ACCURATE SCENE TEXT .......................................... 954
SPOTTING
Yizhang Huang, Kun Fang, Xiaolin Huang, Jie Yang, Shanghai Jiao Tong University, China

MLR-APPL-IP-7.11: USING THE OVERLAPPING SCORE TO IMPROVE CORRUPTION .......................................... 959
BENCHMARKS
Alfred Laugros, Alice Caplier, Universite Grenoble Alpes, France; Matthieu Ospici, Atos, France

MLR-APPL-IP-7.12: LEARNING NONPARAMETRIC HUMAN MESH ............................................................................ 964
RECONSTRUCTION FROM A SINGLE IMAGE WITHOUT GROUND TRUTH MESHES
Kevin Lin, Lijuan Wang, Ying Jin, Zicheng Liu, Microsoft, United States; Ming-Ting Sun, University of Washington, United States

MLR-APPL-IP-8: MACHINE LEARNING FOR IMAGE PROCESSING 8

MLR-APPL-IP-8.1: PAVEMENT CRACK DETECTION USING MULTI-STAGE ............................................................. 969
STRUCTURAL FEATURE EXTRACTION MODEL
Lijuan Duan, Jun Zeng, Junbiao Pang, Beijing University of Technology, China; Junzhe Wang, China Academy of Transportation 
of Sciences, China

MLR-APPL-IP-8.2: ANOMALY DETECTION VIA SELF-ORGANIZING MAP................................................................. 974
Ning Li, Kaitao Jiang, Zhiheng Ma, Xing Wei, Xiaopeng Hong, Yihong Gong, Xi’an Jiaotong University, China

MLR-APPL-IP-8.3: GRAYSCALE AND NORMAL GUIDED DEPTH COMPLETION WITH ........................................ 979
A LOW-COST LIDAR
Qingyang Yu, Lei Chu, Qi Wu, Ling Pei, Shanghai Jiao Tong University, China

MLR-APPL-IP-8.4: ACTION PREDICTION USING EXTREMELY LOW-RESOLUTION ............................................. 984
THERMOPILE SENSOR ARRAY FOR ELDERLY MONITORING
Igor Morawski, Wen-Nung Lie, Jui-Chiu Chiang, National Chung Cheng University, Taiwan

MLR-APPL-IP-8.5: UNSUPERVISED VARIABILITY NORMALIZATION FOR ANOMALY ......................................... 989
DETECTION
Aitor Artola, ENS Paris-Saclay, Université Paris-Saclay, France; Yannis Kolodziej, Visionairy, France; Jean-Michel Morel, 
Thibaud Ehret, ENS Paris-Saclay, Université Paris-Saclay, France

MLR-APPL-IP-8.6: CRAQUELURENET: MATCHING THE CRACK STRUCTURE IN ................................................. 994
HISTORICAL PAINTINGS FOR MULTI-MODAL IMAGE REGISTRATION
Aline Sindel, Andreas Maier, Vincent Christlein, Friedrich-Alexander University Erlangen-Nürnberg (FAU), Germany

MLR-APPL-IP-8.7: SHUFFLECOUNT: TASK-SPECIFIC KNOWLEDGE DISTILLATION ........................................... 999
FOR CROWD COUNTING
Minyang Jiang, Jianzhe Lin, Z. Jane Wang, University of British Columbia, Canada

MLR-APPL-IP-8.8: PROGRESSIVE SPATIO-TEMPORAL FEATURE EXTRACTION ................................................ 1004
MODEL FOR GAIT RECOGNITION
Jingran Su, Yang Zhao, Xuelong Li, Northwestern Polytechnical University, China

MLR-APPL-IP-8.9: IDECF: IMPROVED DEEP EMBEDDING CLUSTERING WITH .................................................. 1009
DEEP FUZZY SUPERVISION
Mohammadreza Sadeghi, Narges Armanfard, McGill University / Mila-Quebec AI Institute, Canada

MLR-APPL-IP-8.10: CORRELATION-AWARE ATTENTION BRANCH NETWORK USING ...................................... 1014
MULTI-MODAL DATA FOR DETERIORATION LEVEL ESTIMATION OF INFRASTRUCTURES
Naoki Ogawa, Keisuke Maeda, Takahiro Ogawa, Miki Haseyama, Hokkaido University, Japan

MLR-APPL-IP-8.11: FAST, ACCURATE BARCODE DETECTION IN ULTRA ............................................................... 1019
HIGH-RESOLUTION IMAGES
Jerome Quenum, Kehan Wang, Avideh Zakhor, University of California, Berkeley, United States



xl

MLR-APPL-IP-8.12: FAST AND ACCURATE HOMOGRAPHY ESTIMATION USING ................................................ 1024
EXTENDABLE COMPRESSION NETWORK
Yilei Chen, Guoping Wang, Ping An, Zhixiang You, Xinpeng Huang, Shanghai University, China

MLR-APPL-IVASR-1: MACHINE LEARNING FOR IMAGE AND VIDEO ANALYSIS, 
SYNTHESIS, AND RETRIEVAL 1

MLR-APPL-IVASR-1.1: SELF-GROWING SPATIAL GRAPH NETWORK FOR ............................................................ 1029
CONTEXT-AWARE PEDESTRIAN TRAJECTORY PREDICTION
Sirin Haddad, Siew Kei Lam, Nanyang Technological University, Singapore

MLR-APPL-IVASR-1.2: SEMANTIC NIGHTTIME IMAGE SEGMENTATION VIA ..................................................... 1034
ILLUMINATION AND POSITION AWARE DOMAIN ADAPTATION
Junhan Peng, Jia Su, Capital Normal University, China; Yongqing Sun, Nippon Telegraph & Telephone, Japan; Zheng Wang, 
University of Tokyo, Japan; Chia-wen Lin, National Tsing Hua University, China

MLR-APPL-IVASR-1.3: DEEP METRIC NETWORK VIA HETEROGENEOUS ............................................................. 1039
SEMANTICS FOR IMAGE SENTIMENT ANALYSIS
Yun Liang, Keisuke Maeda, Takahiro Ogawa, Miki Haseyama, Hokkaido University, Japan

MLR-APPL-IVASR-1.4: MASK GUIDED ATTENTION FOR FINE-GRAINED PATCHY .............................................. 1044
IMAGE CLASSIFICATION
Jun Wang, King’s College London, United Kingdom; Xiaohan Yu, Yongsheng Gao, Griffith University, Australia

MLR-APPL-IVASR-1.5: TWO-STREAM BOOSTED TCRNET FOR RANGE-TOLERANT .......................................... 1049
INFRA-RED TARGET DETECTION
Md Jibanul Haque Jiban, Shah Hassan, Abhijit Mahalanobis, University of Central Florida, United States

MLR-APPL-IVASR-1.6: CAM-GUIDED U-NET WITH ADVERSARIAL REGULARIZATION .................................... 1054
FOR DEFECT SEGMENTATION
Dongyun Lin, Yiqun Li, Shitala Prasad, Tin Lay Nwe, Sheng Dong, Zaw Min Oo, Institute for Infocomm Research (I2R), 
Singapore

MLR-APPL-IVASR-1.7: JOINT LEARNING ON THE HIERARCHY REPRESENTATION .......................................... 1059
FOR FINE-GRAINED HUMAN ACTION RECOGNITION
Mei Chee Leong, Hui Li Tan, Institute for Infocomm Research (I2R), A*STAR, Singapore; Haosong Zhang, Nanyang 
Technological University, Singapore; Liyuan Li, Institute for Infocomm Research (I2R), A*STAR, Singapore; Feng Lin, Nanyang 
Technological University, Singapore; Joo-Hwee Lim, Institute for Infocomm Research (I2R), A*STAR, Singapore

MLR-APPL-IVASR-1.8: HIGH-ORDER JOINT INFORMATION INPUT FOR GRAPH ................................................ 1064
CONVOLUTIONAL NETWORK BASED ACTION RECOGNITION
Wen-Nung Lie, Yong-Jhu Huang, Jui-Chiu Chiang, Zhen-Yu Fang, National Chung Cheng University, Taiwan

MLR-APPL-IVASR-1.9: IMAGE-LEVEL SUPERVISED INSTANCE SEGMENTATION ............................................... 1069
USING INSTANCE-WISE BOUNDARY
Yuyuan Yang, Ya-Li Hou, Beijing Jiaotong University, China; Zhijiang Hou, Tianjin University of Technology, China; Xiaoli Hao, 
Yan Shen, Beijing Jiaotong University, China

MLR-APPL-IVASR-1.10: APPLICATION-AGNOSTIC SPATIO-TEMPORAL HAND GRAPH ..................................... 1074
REPRESENTATIONS FOR STABLE ACTIVITY UNDERSTANDING
Pratyusha Das, Antonio Ortega, University of Southern California, United States; Siheng Chen, Shanghai Jiao Tong University, 
China; Hassan Mansour, Anthony Vetro, Mitsubishi Electric Research Labs, United States

MLR-APPL-IVASR-1.11: FEW SHOT LEARNING FOR INFRA-RED OBJECT ............................................................. 1079
RECOGNITION USING ANALYTICALLY DESIGNED LOW LEVEL FILTERS FOR DATA 
REPRESENTATION
Maliha Arif, Abhijit Mahalanobis, University of Central Florida, United States



xli

MLR-APPL-IVASR-1.12: LEARNERS’ EFFICIENCY PREDICTION USING FACIAL .................................................. 1084
BEHAVIOR ANALYSIS
Manisha Verma, Yuta Nakashima, Osaka University, Japan; Hirokazu Kobori, Daikin Industries, Ltd., Japan; Ryota Takaoka, 
Osaka University	, Japan; Noriko Takemura, Tsukasa Kimura, Hajime Nagahara, Masayuki Numao, Kazumitsu Shinohara, Osaka 
University, Japan

MLR-APPL-IVASR-2: MACHINE LEARNING FOR IMAGE AND VIDEO ANALYSIS, 
SYNTHESIS, AND RETRIEVAL 2

MLR-APPL-IVASR-2.1: TWO-PATHWAY TRANSFORMER NETWORK FOR VIDEO ................................................ 1089
ACTION RECOGNITION
Bo Jiang, Jiahong Yu, Lei Zhou, Kailin Wu, Yang Yang, Netease Inc, China

MLR-APPL-IVASR-2.2: MULTI-VIEW HUMAN MODEL FITTING USING BONE ....................................................... 1094
ORIENTATION CONSTRAINT AND JOINTS TRIANGULATION
Jordy Ajanohoun, Eric Paquette, Carlos Vázquez, École de technologie supérieure, Canada

MLR-APPL-IVASR-2.3: DETECTION OF SMALL MOVING GROUND VEHICLES IN ............................................... 1099
CLUTTERED TERRAIN USING INFRARED VIDEO IMAGERY
Adam Cuellar, Abhijit Mahalanobis, University of Central Florida, United States

MLR-APPL-IVASR-2.4: SEMI-SUPERVISED LEARNING OF MONOCULAR 3D HAND .............................................1104
POSE ESTIMATION FROM MULTI-VIEW IMAGES
Markus Müller, Georg Poier, Horst Possegger, Horst Bischof, Graz University of Technology, Austria

MLR-APPL-IVASR-2.5: SPATIOTEMPORAL FEATURES AND LOCAL RELATIONSHIP ...........................................1109
LEARNING FOR FACIAL ACTION UNIT INTENSITY REGRESSION
Chao Wei, Ke Lu, Wei Gan, Jian Xue, University of Chinese Academy of Sciences, China

MLR-APPL-IVASR-2.6: MULTI-SCALE BACKGROUND SUPPRESSION ANOMALY .................................................1114
DETECTION IN SURVEILLANCE VIDEOS
Zhen Yang, Yuanfang Guo, Jinjie Wei, Beihang University, China; Xiuguo Bao, National Computer Network Emergency Response 
Technical Team / Coordination Center of China, China; Di Huang, Beihang University, China

MLR-APPL-IVASR-2.7: GEOSPATIAL-TEMPORAL CONVOLUTIONAL NEURAL .....................................................1119
NETWORK FOR VIDEO-BASED PRECIPITATION INTENSITY RECOGNITION
Chih-Wei Lin, Suhui Yang, Fujian Agriculture and Forestry University, China

MLR-APPL-IVASR-2.8: HIERARCHICAL EMBEDDING GUIDED NETWORK FOR  ..................................................N/A
VIDEO OBJECT SEGMENTATION
Chin-Hsuan Shih, Wen-Jiin Tsai, National Yang Ming Chiao Tung University, Taiwan

MLR-APPL-IVASR-3: MACHINE LEARNING FOR IMAGE AND VIDEO ANALYSIS, 
SYNTHESIS, AND RETRIEVAL 3

MLR-APPL-IVASR-3.1: LIGHTWEIGHT MULTI-BRANCH NETWORK FOR PERSON .............................................1129
RE-IDENTIFICATION
Fabian Herzog, Xunbo Ji, Torben Teepe, Stefan Hörmann, Johannes Gilg, Gerhard Rigoll, Technical University of Munich, 
Germany

MLR-APPL-IVASR-3.2: RESOLUTION-INVARIANT PERSON REID BASED ON .........................................................1134
FEATURE TRANSFORMATION AND SELF-WEIGHTED ATTENTION
Ziyue Zhang, Shuai Jiang, Congzhentao Huang, Richard Yi da Xu, University of Technology Sydney, Australia

MLR-APPL-IVASR-3.3: UNSUPERVISED PERSON RE-IDENTIFICATION VIA NEAREST ........................................1139
NEIGHBOR COLLABORATIVE TRAINING STRATEGY
Qing Tang, Kang-Hyun Jo, University of Ulsan, Republic of Korea



xlii

MLR-APPL-IVASR-3.4: APNET: ATTRIBUTE PARSING NETWORK FOR PERSON ...................................................1144
RE-IDENTIFICATION
Chiat Pin Tay, Kim Hui Yap, Nanyang Technological University, Singapore

MLR-APPL-IVASR-3.5: TWO-PHASE FEATURE FUSION NETWORK FOR .................................................................1149
VISIBLE-INFRARED PERSON RE-IDENTIFICATION
Yunzhou Cheng, Guoqiang Xiao, Xiaoqin Tang, Southwest University, China; Wenzhuo Ma, Xinye Gou, Chongqing Productivity 
Council, China

MLR-APPL-IVASR-3.6: ANCHORING REGULARIZATION FOR VEHICLE .................................................................1154
RE-IDENTIFICATION
Mohamed Dhia Elhak Besbes, Hedi Tabia, IBISC, Univ-Evry, France; Yousri Kessentini, Digital Research Center of Sfax, 
Tunisia; Bassem Ben Hamed, SM@RTS : Laboratory of Signals, systeMs, aRtificial Intelligence and neTworkS, Tunisia

MLR-APPL-IVASR-3.7: ROBUST IMAGE OUTPAINTING WITH LEARNABLE IMAGE ............................................1159
MARGINS
Cheng-Yo Tan, Chiao-An Yang, Shang-Fu Chen, National Taiwan University, Taiwan; Meng-Lin Wu, Qualcomm, United States; 
Yu-Chiang Frank Wang, National Taiwan University, Taiwan

MLR-APPL-IVASR-3.8: WEAKLY-SUPERVISED MULTIPLE OBJECT TRACKING VIA A ........................................1164
MASKED CENTER POINT WARPING LOSS
Sungjoon Yoon, Kyujin Shim, Korea Advanced Institute of Science and Technology, Republic of Korea; Kayoung Park, Agency for 
Defense Development, Republic of Korea; Changick Kim, Korea Advanced Institute of Science and Technology, Republic of Korea

MLR-APPL-IVASR-3.9: REPRESENTATION DECOMPOSITION FOR IMAGE .............................................................1169
MANIPULATION AND BEYOND
Shang-Fu Chen, Jai-Wei Yan, National Taiwan University, Taiwan; Ya-Fan Su, Chunghwa Telecom, Taiwan; Yu-Chiang Frank 
Wang, National Taiwan University, Taiwan

MLR-APPL-IVASR-3.10: RGB-INFRARED PERSON RE-IDENTIFICATION VIA .........................................................1174
MULTI-MODALITY RELATION AGGREGATION AND GRAPH CONVOLUTION NETWORK
Jiangshan Sun, Taiping Zhang, Chongqing University, China

MLR-APPL-IVASR-3.11: A SPHERICAL MIXTURE MODEL APPROACH FOR 360 VIDEO .......................................1179
VIRTUAL CINEMATOGRAPHY
Chenglei Wu, Zhi Wang, Lifeng Sun, Tsinghua University, China

MLR-APPL-IVASR-4: MACHINE LEARNING FOR IMAGE AND VIDEO ANALYSIS, 
SYNTHESIS, AND RETRIEVAL 4

MLR-APPL-IVASR-4.1: DEFECT INSPECTION USING GRAVITATION LOSS AND SOFT .........................................1184
LABELS
Zhihao Guan, Zidong Guo, Jie Lyu, Zejian Yuan, Xi’an Jiaotong University, China

MLR-APPL-IVASR-4.2: ACTION QUALITY ASSESSMENT WITH IGNORING SCENE ..............................................1189
CONTEXT
Takasuke Nagai, Shoichiro Takeda, Masaaki Matsumura, Shinya Shimizu, Susumu Yamamoto, NTT Corporation, Japan

MLR-APPL-IVASR-4.3: POSITIONAL ENCODING: IMPROVING CLASS-IMBALANCED ........................................1194
MOTORCYCLE HELMET USE CLASSIFICATION
Hanhe Lin, Guangan Chen, University of Konstanz, Germany; Felix Siebert, Friedrich-Schiller University of Jena, Germany

MLR-APPL-IVASR-4.4: S2D2NET: AN IMPROVED APPROACH FOR ROBUST STEEL .............................................1199
SURFACE DEFECTS DIAGNOSIS WITH SMALL SAMPLE LEARNING
Vikanksh Nath, Chiranjoy Chattopadhyay, Indian Institute of Technology Jodhpur, India



xliii

MLR-APPL-IVASR-4.5: A TWO-STAGE FRAMEWORK FOR COMPOUND FIGURE ................................................. 1204
SEPARATION
Weixin Jiang, Northwestern University, United States; Eric Schwenker, Trevor Spreadbury, Nicola Ferrier, Maria Chan, Argonne 
National Laboratory, United States; Oliver Cossairt, Northwestern University, United States

MLR-APPL-IVASR-4.6: INTEREST LEVEL ESTIMATION VIA MULTI-MODAL ......................................................... 1209
GAUSSIAN PROCESS LATENT VARIABLE FACTORIZATION
Kyohei Kamikawa, Keisuke Maeda, Takahiro Ogawa, Miki Haseyama, Hokkaido University, Japan

MLR-APPL-IVASR-4.7: PERSPECTIVE-AWARE DENSITY REGRESSION FOR CROWD ......................................... 1214
COUNTING
Yutong Wang, Northwestern Polytechnical University and Sungkyunkwan University, China; Gen Li, Sungkyunkwan University, 
China; Qi Zhang, Northwestern Polytechnical University, China; Joongkyu Kim, Sungkyunkwan University, Republic of Korea; 
Huifang Li, Northwestern Polytechnical University, China

MLR-APPL-IVASR-4.8: TURKEY BEHAVIOR IDENTIFICATION USING VIDEO ....................................................... 1219
ANALYTICS AND OBJECT TRACKING
Shengtai Ju, Marisa Erasmus, Fengqing Zhu, Amy Reibman, Purdue University, United States

MLR-APPL-IVASR-4.9: ON THE IMPACT OF USING X-RAY ENERGY RESPONSE ................................................... 1224
IMAGERY FOR OBJECT DETECTION VIA CONVOLUTIONAL NEURAL NETWORKS
Neelanjan Bhowmik, Yona Falinie A. Gaus, Toby P. Breckon, Durham University, United Kingdom

MLR-APPL-IVASR-4.10: ANALYSIS OF THE NOVEL TRANSFORMER MODULE ..................................................... 1229
COMBINATION FOR SCENE TEXT RECOGNITION
Yeon-Gyu Kim, Hyunsu Kim, Minseok Kang, Hyug-Jae Lee, Rokkyu Lee, Gunhan Park, NHN, Republic of Korea

MLR-APPL-IVASR-5: MACHINE LEARNING FOR IMAGE AND VIDEO ANALYSIS, 
SYNTHESIS, AND RETRIEVAL 5

MLR-APPL-IVASR-5.1: FEDERATED TRACE: A NODE SELECTION METHOD FOR ............................................... 1234
MORE EFFICIENT FEDERATED LEARNING
Zirui Zhu, Lifeng Sun, Tsinghua University, China

MLR-APPL-IVASR-5.2: SEMI-SUPERVISED FEW-SHOT CLASS-INCREMENTAL .................................................... 1239
LEARNING
Yawen Cui, Wuti Xiong, Mohammad Tavakolian, Li Liu, University of Oulu, Finland

MLR-APPL-IVASR-5.3: EFFECTIVE GAIT FEATURE EXTRACTION USING TEMPORAL ..................................... 1244
FUSION AND SPATIAL PARTIAL
Yifan Chen, School of Computer Science and School of Artificial Intelligence, Optics and Electronics (iOPEN), China; Yang Zhao, 
Xuelong Li, School of Artificial Intelligence, Optics and Electronics (iOPEN), China

MLR-APPL-IVASR-5.4: BIAS: BIJECTIVE INPUT AND SURJECTIVITY IN ZERO SHOT ........................................ 1249
LEARNING
Rishabh Singh, Eidgenössische Technische Hochschule Zürich, Switzerland

MLR-APPL-IVASR-5.5: DEEP REINFORCEMENT IMAGE MATCHING WITH .......................................................... 1254
SELF-TERMINATION
Onkar Krishna, Go Irie, Xiaomeng Wu, Akisato Kimura, Kunio Kashino, NTT Corporation, Japan

MLR-APPL-IVASR-5.6: TRANSFERABLE DISCRIMINATIVE FEATURE MINING FOR .......................................... 1259
UNSUPERVISED DOMAIN ADAPTATION
Lingjun Zhao, Wanxia Deng, Gangyao Kuang, Dewen Hu, National University of Defense Technology, China; Li Liu, University 
of Oulu, Finland

MLR-APPL-IVASR-5.7: DEEP METRIC LEARNING WITH ALTERNATING ................................................................ 1264
PROJECTIONS ONTO FEASIBLE SETS
Oğul Can, Yeti Z. Gurbuz, A. Aydın Alatan, Middle East Technical University, Turkey



xliv

MLR-APPL-IVASR-5.8: LEARNING IMBALANCED DATASETS WITH MAXIMUM .................................................. 1269
MARGIN LOSS
Haeyong Kang, Thang Vu, Chang D. Yoo, Korea Advanced Institute of Science and Technology, Republic of Korea

MLR-APPL-IVASR-5.9: RETHINKING GENRE CLASSIFICATION WITH FINE GRAINED ..................................... 1274
SEMANTIC CLUSTERING
Edward Fish, Jon Weinbren, Andrew Gilbert, University of Surrey, United Kingdom

MLR-APPL-IVASR-5.10: METU LOSS: METRIC LEARNING WITH ENTANGLED .................................................... 1279
TRIPLET UNIFIED LOSS
Kaan Karaman, ASELSAN, Turkey; A. Aydin Alatan, Middle East Technical University, Turkey

MLR-APPL-IVASR-5.11: GENERALIZED ZERO-SHOT LEARNING USING ................................................................ 1284
MULTIMODAL VARIATIONAL AUTO-ENCODER WITH SEMANTIC CONCEPTS
Nihar Bendre, Kevin Desai, Peyman Najafirad, University of Texas at San Antonio, United States

MLR-APPL-IVASR-6: MACHINE LEARNING FOR IMAGE AND VIDEO ANALYSIS, 
SYNTHESIS, AND RETRIEVAL 6

MLR-APPL-IVASR-6.1: LIFELONG TWIN GENERATIVE ADVERSARIAL NETWORKS.......................................... 1289
Fei Ye, Adrian Bors, University of York, United Kingdom

MLR-APPL-IVASR-6.2: A NOVEL SENSITIVITY METRIC FOR MIXED-PRECISION ............................................... 1294
QUANTIZATION WITH SYNTHETIC DATA GENERATION
Donghyun Lee, Minkyoung Cho, Seungwon Lee, Joonho Song, Changkyu Choi, Samsung Electronics, Republic of Korea

MLR-APPL-IVASR-6.3: K-HAIRSTYLE: A LARGE-SCALE KOREAN HAIRSTYLE DATASET ............................... 1299
FOR VIRTUAL HAIR EDITING AND HAIRSTYLE CLASSIFICATION
Taewoo Kim, Chaeyeon Chung, Sunghyun Park, Korea Advanced Institute of Science and Technology, Republic of Korea; 
Gyojung Gu, Keonmin Nam, Nestyle, Republic of Korea; Wonzo Choe, Jaesung Lee, Brandi, Republic of Korea; Jaegul Choo, 
Korea Advanced Institute of Science and Technology, Republic of Korea

MLR-APPL-IVASR-6.4: SILHOUETTE-BASED SYNTHETIC DATA GENERATION FOR .......................................... 1304
3D HUMAN POSE ESTIMATION WITH A SINGLE WRIST-MOUNTED 360° CAMERA
Ryosuke Hori, Ryo Hachiuma, Hideo Saito, Keio University, Japan; Mariko Isogawa, Dan Mikami, NTT, Japan

MLR-APPL-IVASR-6.5: TWO-STAGE SEAMLESS TEXT ERASING ON REAL-WORLD ........................................... 1309
SCENE IMAGES
Benjamin Conrad, University of Amsterdam, Netherlands; Pei-I Chen, Jumio AI Labs, Canada

MLR-APPL-IVASR-6.6: OPENING DEEP NEURAL NETWORKS WITH GENERATIVE ............................................ 1314
MODELS
Marcos Vendramini, Universidade Federal de Minas Gerais, Brazil; Hugo Oliveira, University of São Paulo, Brazil; Alexei 
Machado, Jefersson dos Santos, Universidade Federal de Minas Gerais, Brazil

MLR-APPL-IVASR-6.7: GENERATING THERMAL HUMAN FACES FOR .................................................................... 1319
PHYSIOLOGICAL ASSESSMENT USING THERMAL SENSOR AUXILIARY LABELS
Catherine Ordun, University of Maryland Baltimore County, United States; Edward Raff, Booz Allen Hamilton, United States; 
Sanjay Purushotham, University Maryland Baltimore County, United States

MLR-APPL-IVASR-6.8: HSEGAN: HAIR SYNTHESIS AND EDITING USING .............................................................. 1324
STRUCTURE-ADAPTIVE NORMALIZATION ON GENERATIVE ADVERSARIAL NETWORK
Wanling Fan, Jiayuan Fan, Fudan University, China; Gang Yu, Bin Fu, Tencent, China; Tao Chen, Fudan University, China

MLR-APPL-IVASR-6.9: ENHANCE VIA DECOUPLING: IMPROVING MULTI-LABEL  ............................................ N/A
CLASSIFIERS WITH VARIATIONAL FEATURE AUGMENTATION
Ming Chen, Guijin Wang, Tsinghua University, China; Jing-Hao Xue, University College London, United Kingdom; Zijian Ding, 
Li Sun, Tsinghua University, China



xlv

MLR-APPL-IVASR-6.11: SEMANTIC ROLE AWARE CORRELATION TRANSFORMER .......................................... 1334
FOR TEXT TO VIDEO RETRIEVAL
Burak Satar, Hongyuan Zhu, Agency for Science, Technology and Research (A*STAR), Singapore; Xavier Bresson, Nanyang 
Technological University (NTU), Singapore; Joo-Hwee Lim, Agency for Science, Technology and Research (A*STAR), Singapore

MLR-APPL-IVASR-6.12: SOFT RANKING THRESHOLD LOSSES FOR IMAGE ......................................................... 1339
RETRIEVAL
Chiao-An Yang, Zhixiang Wang, National Taiwan University, Taiwan; Yen-Yu Lin, National Chiao Tung University, Taiwan; Yung-
Yu Chuang, National Taiwan University, Taiwan

IMA-ELI-1: IMAGING AND MEDIA APPLICATIONS + ELECTRONIC IMAGING

IMA-ELI-1.1: IDENTITY-FREE FACIAL EXPRESSION RECOGNITION USING ......................................................... 1344
CONDITIONAL GENERATIVE ADVERSARIAL NETWORK
Jie Cai, Zibo Meng, InnoPeak Technology, United States; Ahmed Shehab Khan, James O’Reilly, Zhiyuan Li, University of South 
Carolina, United States; Shizhong Han, Qualcomm AI Research, United States; Yan Tong, University of South Carolina, United 
States

IMA-ELI-1.2: CO-SALIENCY DETECTION VIA UNIFIED HIERARCHICAL GRAPH ............................................... 1349
NEURAL NETWORK WITH GEOMETRIC ATTENTION
Jiaqing Qiao, Shaowei Sun, Mingzhu Xu, Yongqiang Li, Bing Liu, Harbin Institute of Technology, China

IMA-ELI-1.3: A GENERATIVE ADVERSARIAL FRAMEWORK FOR OPTIMIZING IMAGE ................................... 1354
MATTING AND HARMONIZATION SIMULTANEOUSLY
Xuqian Ren, Beijing Institute of Technology, China; Yifan Liu, University of Adelaide, Australia; Chunlei Song, Beijing Institute of 
Technology, China

IMA-ELI-1.4: CONFIDENCE GUIDED NETWORK FOR ATMOSPHERIC .................................................................... 1359
TURBULENCE MITIGATION
Nithin Gopalakrishnan Nair, Vishal Patel, Johns Hopkins University, United States

IMA-ELI-1.5: SPMPG: ROBUST PERSON IMAGE GENERATION WITH SEMANTIC ............................................... 1364
PARSING MAP
Yuelong Li, Tongshun Zhang, Jianming Wang, Tiangong University, China

IMA-ELI-1.6: MULTI-COLOR BALANCE FOR COLOR CONSTANCY........................................................................... 1369
Teruaki Akazawa, Yuma Kinoshita, Hitoshi Kiya, Tokyo Metropolitan University, Japan

IMA-ELI-1.7: HYPERSPECTRAL IMAGE SEGMENTATION FOR PAINT ANALYSIS................................................. 1374
Nathan Magro, Alexandra Bonnici, Stefania Cristina, University of Malta, Malta

IMA-ELI-1.8: SEPARATED-SPECTRAL-DISTRIBUTION ESTIMATION BASED ON ................................................. 1379
BAYESIAN INFERENCE WITH SINGLE RGB CAMERA
Yuma Kinoshita, Hitoshi Kiya, Tokyo Metropolitan University, Japan

IMA-ELI-1.9: SCREEN-BASED WATERMARKING OF APERIODIC, CLUSTERED-DOT .......................................... 1384
HALFTONES
Jiayin Liu, Jan Allebach, Purdue University, United States

SMR-1: IMAGE AND VIDEO QUALITY ASSESSMENT

SMR-1.1: TRANSFORMER FOR IMAGE QUALITY ASSESSMENT................................................................................. 1389
Junyong You, NORCE Norwegian Research Centre, Norway; Jari Korhonen, Shenzhen University, China



xlvi

SMR-1.2: NATURAL SCENE STATISTICS AND CNN BASED PARALLEL NETWORK .............................................. 1394
FOR IMAGE QUALITY ASSESSMENT
Parima Jain, Indian Institute of Technology Jammu, India; Gitam Shikkenawis, C R Rao Advanced Institute of Mathematics, 
Statistics and Computer Science, India; Suman Mitra, Dhirubhai Ambani Institute of Information and Communication 
Technology, India

SMR-1.3: CURIOUSLY EFFECTIVE FEATURES FOR IMAGE QUALITY PREDICTION........................................... 1399
Sören Becker, Thomas Wiegand, Sebastian Bosse, Fraunhofer Heinrich Hertz Institute, Germany

SMR-1.4: QUALITY-OF-EXPERIENCE EVALUATION OF 8K ......................................................................................... 1404
ULTRA-HIGH-DEFINITION TELEVISION
Yoshiaki Shishikui, Meiji University, Japan

SMR-1.5: VIDEO QUALITY ASSESSMENT OF USER GENERATED CONTENT: A ..................................................... 1409
BENCHMARK STUDY AND A NEW MODEL
Zhengzhong Tu, Chia-Ju Chen, University of Texas at Austin, United States; Yilin Wang, Neil Birkbeck, Balu Adsumilli, Google 
Inc., United States; Alan Bovik, University of Texas at Austin, United States

SMR-1.6: ATTENTION BASED NETWORK FOR NO-REFERENCE UGC VIDEO ....................................................... 1414
QUALITY ASSESSMENT
Fuwang Yi, Shanghai Jiao Tong University, China; Mianyi Chen, Tencent, China; Wei Sun, Xiongkuo Min, Yuan Tian, Guangtao 
Zhai, Shanghai Jiao Tong University, China

SMR-1.7: A FOVEATED VIDEO QUALITY ASSESSMENT MODEL USING .................................................................. 1419
SPACE-VARIANT NATURAL SCENE STATISTICS
Yize Jin, University of Texas at Austin, United States; Todd Goodall, Apple Inc., United States; Anjul Patney, Richard Webb, 
Facebook Technologies, United States; Alan Bovik, University of Texas at Austin, United States

SMR-1.8: VIDEO QUALITY MEASUREMENT FOR BUFFERING TIME BASED ON .................................................. 1424
EEG FREQUENCY FEATURE
Zhe Li, Bingrui Geng, Xiaoming Tao, Yiping Duan, Dingcheng Gao, Shuzhan Hu, Tsinghua University, China

SMR-1.9: DEEP NEURAL NETWORKS FOR FULL-REFERENCE AND ......................................................................... 1429
NO-REFERENCE AUDIO-VISUAL QUALITY ASSESSMENT
Yuqin Cao, Xiongkuo Min, Wei Sun, Guangtao Zhai, Shanghai Jiao Tong University, China

SMR-1.10: A MULTI-TASK CONVOLUTIONAL NEURAL NETWORK FOR BLIND ................................................... 1434
STEREOSCOPIC IMAGE QUALITY ASSESSMENT USING NATURALNESS ANALYSIS
Salima Bourbia, LRIT, Mohammed V University, Morocco; Ayoub Karine, L@bISEN, Vision-AD Team, ISEN Yncrea, France; 
Aladine Chetouani, Laboratoire PRISME, Université d’Orléans, France; Mohammed El Hassouni, FLSH, Mohammed V 
University in Rabat, Morocco

SMR-1.11: PERCEPTUALLY-WEIGHTED CNN FOR 360-DEGREE IMAGE QUALITY ............................................. 1439
ASSESSMENT USING VISUAL SCAN-PATH AND JND
Abderrezzaq Sendjasni, Université de Poitiers, France; Mohamed-Chaker Larabi, University of Poitiers, France; Faouzi Alaya 
Cheikh, Norwegian University of Science and Technology, Norway

SMR-1.12: TOWARDS A COLORED POINT CLOUD QUALITY ASSESSMENT ........................................................... 1444
METHOD USING COLORED TEXTURE AND CURVATURE PROJECTION
Zhouyan He, Gangyi Jiang, Zhidi Jiang, Mei Yu, Faculty of Information Science and Engineering, Ningbo University, China

SMR-2: PERCEPTION AND QUALITY MODELS

SMR-2.1: AN EFFECTIVE SHARPNESS ASSESSMENT METHOD FOR SHALLOW ................................................... 1449
DEPTH-OF-FIELD IMAGES
Zhixiang Duan, Guangxin Li, Xidian University, China; Guoliang Fan, School of Electrical and Computer Engineering, United 
States



xlvii

SMR-2.2: A TEMPORAL STATISTICS MODEL FOR UGC VIDEO QUALITY ............................................................... 1454
PREDICTION
Zhengzhong Tu, Chia-Ju Chen, University of Texas at Austin, United States; Yilin Wang, Neil Birkbeck, Balu Adsumilli, Google 
Inc., United States; Alan Bovik, University of Texas at Austin, United States

SMR-2.4: A METRIC FOR QUANTIFYING IMAGE QUALITY INDUCED SALIENCY ............................................... 1459
VARIATION
Pengfei Guo, Zhongkai University of Agriculture and Engineering, China; Xin Zhao, Cardiff University, United Kingdom; Delu 
Zeng, South China University of Technology, China; Hantao Liu, Cardiff University, United Kingdom

SMR-2.5: SALYPATH: A DEEP-BASED ARCHITECTURE FOR VISUAL ATTENTION ............................................... 1464
PREDICTION
Mohamed Amine Kerkouri, Laboratoire PRISME, université d’Orléans, France; Marouane Tliba, Institut National Des 
Télécommunications et TIC, Algeria; Aladine Chetouani, Rachid Harba, Laboratoire PRISME, université d’Orléans, France

SMR-2.6: FEW-SHOT PERSONALIZED SALIENCY PREDICTION USING PERSON ................................................. 1469
SIMILARITY BASED ON COLLABORATIVE MULTI-OUTPUT GAUSSIAN PROCESS 
REGRESSION
Yuya Moroto, Keisuke Maeda, Takahiro Ogawa, Miki Haseyama, Hokkaido University, Japan

SMR-2.7: STUDY OF SACCADIC EYE MOVEMENTS IN DIAGNOSTIC IMAGING.................................................... 1474
Jianxun Lou, Xin Zhao, Cardiff University, United Kingdom; Philippa Young, National Health Service, United Kingdom; Richard 
White, University Hospital of Wales, United Kingdom; Hantao Liu, Cardiff University, United Kingdom

SMR-2.8: CONTEXT-AWARE CANDIDATES FOR IMAGE CROPPING.......................................................................... 1479
Tianpei Lian, Zhiguo Cao, Ke Xian, Zhiyu Pan, Huazhong University of Science and Technology, China; Weicai Zhong, Huawei 
Technologies CO., LTD., China

SMR-2.9: DEEP PERCEPTUAL IMAGE QUALITY ASSESSMENT FOR COMPRESSION........................................... 1484
Juan Mier, Eddie Huang, Hossein Talebi, Feng Yang, Peyman Milanfar, Google, United States

SMR-2.12: REAL-TIME OBJECT DETECTION AND LOCALIZATION IN COMPRESSIVE ..................................... 1489
SENSED VIDEO
Yeshwanth Ravi Theja Bethi, Sathyaprakash Narayanan, Indian Institute of Science, Banglore, India; Venkat Rangan, tinyVision.
ai Inc., United States; Anirban Chakraborty, Chetan Singh Thakur, Indian Institute of Science, Banglore, India

SMR-3: IMAGE AND VIDEO REPRESENTATION

SMR-3.1: SELF-SUPERVISED DISENTANGLED EMBEDDING FOR ROBUST IMAGE ............................................. 1494
CLASSIFICATION
Lanqing Liu, Zhenyu Duan, Guozheng Xu, Yi Xu, Shanghai Jiao Tong University, China

SMR-3.2: ATTENTION-BASED MULTI-TASK LEARNING FOR FINE-GRAINED IMAGE ........................................ 1499
CLASSIFICATION
Dichao Liu, Nagoya University, Japan; Yu Wang, Ritsumeikan University, Japan; Kenji Mase, Nagoya University, Japan; Jien 
Kato, Ritsumeikan University, Japan

SMR-3.3: EDGE-AWARE SUPERPIXEL SEGMENTATION WITH UNSUPERVISED ................................................... 1504
CONVOLUTIONAL NEURAL NETWORKS
Yue Yu, Yang Yang, Kezhao Liu, Xi’an Jiaotong University, China

SMR-3.4: SELF-SUPERVISION BY PREDICTION FOR OBJECT DISCOVERY IN ...................................................... 1509
VIDEOS
Beril Besbinar, Pascal Frossard, École Polytechnique Fédérale de Lausanne (EPFL), Switzerland

SMR-3.5: SEMI-SUPERVISED LANE DETECTION WITH DEEP HOUGH .................................................................... 1514
TRANSFORM
Yancong Lin, Silvia-Laura Pintea, Jan C. van Gemert, Delft University of Technology, Netherlands



xlviii

SMR-3.6: A ONE-SHOT TEXTURE-PERCEIVING GENERATIVE ADVERSARIAL ..................................................... 1519
NETWORK FOR UNSUPERVISED SURFACE INSPECTION
Lingyun Gu, Tsinghua University, China; Lin Zhang, University of Cincinnati, United States; Zhaokui Wang, Tsinghua University, 
China

SMR-3.7: LOCAL FEATURE DESCRIPTORS WITH DEEP HYPERSPHERE LEARNING.......................................... 1524
Song Wang, Xin Guo, Yun Tie, Lin Qi, Zhengzhou University, China; Ling Guan, Ryerson University, Canada

SMR-3.8: DUAL-CONSISTENCY SELF-TRAINING FOR UNSUPERVISED DOMAIN ................................................ 1529
ADAPTATION
Jie Wang, Chaoliang Zhong, Cheng Feng, Jun Sun, Fujitsu R&D Center, Co., LTD, China; Masaru Ide, Yasuto Yokota, Fujitsu 
Laboratories, Japan

SMR-3.9: LOW-RANK AND SPARSE TENSOR REPRESENTATION FOR MULTI-VIEW ........................................... 1534
SUBSPACE CLUSTERING
Shuqin Wang, Beijing Jiaotong University, China; Yongyong Chen, Harbin Institute of Technology, Shenzhen, China; Yigang Cen, 
Beijing Jiaotong University, China; Linna Zhang, Guizhou University, China; Viacheslav Voronin, Moscow State University of 
Technology “STANKIN”, Russian Federation

SMR-3.10: ACCURATE SILHOUETTE VECTORIZATION BY AFFINE SCALE-SPACE.............................................. 1539
Yuchen He, Sung Ha Kang, Georgia Institute of Technology, United States; Jean-Michel Morel, École Normale Supérieure Paris-
Saclay, France

SMR-3.11: VISUAL CHIRALITY MEETS FREEHAND SKETCHES................................................................................. 1544
Ying Zheng, Yiyi Zhang, Zhejiang Lab, China; Xiaogang Xu, Zhejiang Gongshang University, China; Jun Wang, Zhejiang Lab, 
China; Hongxun Yao, Harbin Institute of Technology, China

SMR-3.12: A LIGHT FIELD FDL-HSIFT FEATURE IN SCALE-DISPARITY SPACE..................................................... 1549
Zhaolin Xiao, Meng Zhang, Haiyan Jin, Xi’an University of Technology, China; Christine Guillemot, Institut National de 
Recherche en Informatique et en Automatique, France

SMR-4: IMAGE AND VIDEO SENSING, MODELING, AND REPRESENTATION

SMR-4.1: NOVEL CONSISTENCY CHECK FOR FAST RECURSIVE .............................................................................. 1554
RECONSTRUCTION OF NON-REGULARLY SAMPLED VIDEO DATA
Simon Grosche, Jürgen Seiler, André Kaup, Friedrich-Alexander University Erlangen-Nürnberg (FAU), Germany

SMR-4.2: AN ALGEBRAIC NONUNIFORMITY CORRECTION ALGORITHM FOR .................................................. 1559
HEXAGONALLY-SAMPLED INFRARED IMAGES: A SIMULATION STUDY
Unal Sakoglu, University of Houston - Clear Lake, United States

SMR-4.3: WARPINGFUSION: ACCURATE MULTI-VIEW TSDF FUSION WITH LOCAL .......................................... 1564
PERSPECTIVE WARP
Jiwoo Kang, Seongmin Lee, Mingyu Jang, Hyunse Yoon, Sanghoon Lee, Yonsei University, Republic of Korea

SMR-4.4: LEARNING OF LINEAR VIDEO PREDICTION MODELS IN A ...................................................................... 1569
MULTI-MODAL FRAMEWORK FOR ANOMALY DETECTION
Giulia Slavic, Abrham Alemaw, Lucio Marcenaro, Carlo Regazzoni, University of Genova, Italy

SMR-4.5: MODELING IMAGE QUALITY SCORE DISTRIBUTION USING ALPHA ................................................... 1574
STABLE MODEL
Yixuan Gao, Xiongkuo Min, Wenhan Zhu, Shanghai Jiao Tong University, China; Xiao-Ping Zhang, Ryerson University, Canada; 
Guangtao Zhai, Shanghai Jiao Tong University, China

SMR-4.6: KNOWLEDGE-BASED REASONING NETWORK FOR OBJECT DETECTION.......................................... 1579
Huigang Zhang, Liuan Wang, Jun Sun, Fujitsu R&D Center, Co., LTD, China



xlix

SMR-4.7: QUASI-REGULARITY VERIFICATION FOR 2D POLYGONAL OBJECTS .................................................. 1584
BASED ON MEDIAL AXIS ANALYSIS
Phuc Ngo, Loria, Université de Lorraine, France; Nicolas Passat, CReSTIC, Université de Reims Champagne Ardenne, France; 
Yukiko Kenmochi, LIGM, Univ Gustave Eiffel, France

SMR-4.8: GENERIC SPARSE GRAPH BASED CONVOLUTIONAL NETWORKS FOR ............................................... 1589
FACE RECOGNITION
Renjie Wu, Sei-Ichiro Kamata, Waseda University, Japan

SMR-4.9: SYMMETRY-BASED GRAPH FOURIER TRANSFORMS: ARE THEY .......................................................... 1594
OPTIMAL FOR IMAGE COMPRESSION?
Alessandro Gnutti, Fabrizio Guerrini, Riccardo Leonardi, University of Brescia, Italy; Antonio Ortega, University of Southern 
California, United States

SMR-4.10: FINE-GRAINED PLANT LEAF IMAGE RETRIEVAL USING LOCAL ANGLE ......................................... 1599
CO-OCCURRENCE HISTOGRAMS
Xin Chen, Griffith University, Australia; Jiawei You, Hui Tang, Nanjing University of Finance & Economics, China; Bin Wang, 
Yongsheng Gao, Griffith University, Australia

SMR-4.11: DEEP AUDIO-VISUAL FUSION NEURAL NETWORK FOR SALIENCY .................................................... 1604
ESTIMATION
Shunyu Yao, Xiongkuo Min, Guangtao Zhai, Shanghai Jiao Tong University, China

SMR-4.12: DEEP UNSUPERVISED IMAGE ANOMALY DETECTION: AN .................................................................... 1609
INFORMATION THEORETIC FRAMEWORK
Fei Ye, Shanghai Jiao Tong University, China; Huangjie Zheng, University of Texas at Austin, United States; Chaoqin Huang, Ya 
Zhang, Shanghai Jiao Tong University, China

TEC-1: RESTORATION AND ENHANCEMENT I

TEC-1.1: CONTEXTUAL COLORIZATION AND DENOISING FOR LOW-LIGHT ULTRA ........................................ 1614
HIGH RESOLUTION SEQUENCES
Nantheera Anantrasirichai, David Bull, University of Bristol, United Kingdom

TEC-1.2: IMAGE DENOISING INSPIRED BY QUANTUM MANY-BODY PHYSICS..................................................... 1619
Sayantan Dutta, Adrian Basarab, Institut de Recherche en Informatique de Toulouse, UMR CNRS 5505, Université de Toulouse, 
France; Bertrand Georgeot, Laboratoire de Physique Théorique, Université de Toulouse, CNRS, UPS, France; Denis Kouamé, 
Institut de Recherche en Informatique de Toulouse, UMR CNRS 5505, Université de Toulouse, France

TEC-1.3: R3L: CONNECTING DEEP REINFORCEMENT LEARNING TO .................................................................... 1624
RECURRENT NEURAL NETWORKS FOR IMAGE DENOISING VIA RESIDUAL RECOVERY
Rongkai Zhang, Jiang Zhu, Zhiyuan Zha, Nanyang Technological University, Singapore; Justin Dauwels, Delft University of 
Technology, Netherlands; Bihan Wen, Nanyang Technological University, Singapore

TEC-1.4: DEEP GAUSSIAN DENOISER EPISTEMIC UNCERTAINTY AND .................................................................. 1629
DECOUPLED DUAL-ATTENTION FUSION
Xiaoqi Ma, Xiaoyu Lin, Majed El Helou, Sabine Süsstrunk, École Polytechnique Fédérale de Lausanne (EPFL), Switzerland

TEC-1.5: HYPERSPECTRAL IMAGE DENOISING WITH LOG-BASED ROBUST PCA.............................................. 1634
Yang Liu, Qian Zhang, Qingdao University, China; Yongyong Chen, Harbin Institute of Technology, China; Qiang Cheng, 
University of Kentucky, United States; Chong Peng, Qingdao University, China



l

TEC-1.6: LOW-DOSE CT DENOISING USING A STRUCTURE-PRESERVING ............................................................ 1639
KERNEL PREDICTION NETWORK
Lu Xu, The Chinese University of Hong Kong, Hong Kong SAR of China; Yuwei Zhang, Ying Liu, Tianjin Medical University 
Cancer Institute and Hospital, National Clinical Research Center for Cancer, China; Daoye Wang, ETH Zurich, Switzerland; 
Mu Zhou, SenseBrain Technology Limited LLC, United States; Jimmy Ren, SenseTime Research; Qing Yuan Research Institute, 
Shanghai Jiao Tong University, Hong Kong SAR of China; Jingwei Wei, Institute of Automation, Chinese Academy of Sciences, 
China; Zhaoxiang Ye, Tianjin Medical University Cancer Institute and Hospital, National Clinical Research Center for Cancer, 
China

TEC-1.7: LOW-RANK REGULARIZED JOINT SPARSITY FOR IMAGE DENOISING................................................ 1644
Zhiyuan Zha, Bihan Wen, Nanyang Technological University, Singapore; Xin Yuan, Nokia Bell Labs, United States; Jiantao Zhou, 
University of Macau, China; Ce Zhu, University of Electronic Science and Technology of China, China

TEC-1.8: AN INTERPRETATION OF REGULARIZATION BY DENOISING AND ITS ................................................. 1649
APPLICATION WITH THE BACK-PROJECTED FIDELITY TERM
Einav Yogev-Ofer, Tom Tirer, Raja Giryes, Tel-Aviv University, Israel

TEC-1.9: COLOR CHANNEL FUSION NETWORK FOR LOW-LIGHT IMAGE ........................................................... 1654
ENHANCEMENT
Lingchao Zhao, Xiaolin Gong, Kaihua Liu, Jian Wang, Bai Zhao, Yu Liu, Tianjin University, China

TEC-1.10: A SINGLE BACKLIT IMAGE ENHANCEMENT METHOD FOR .................................................................. 1659
IMPROVEMENT OF VISIBILITY OF DARK PART
Masato Akai, Yamaguchi University, Japan; Yoshiaki Ueda, Fukuoka University, Japan; Takanori Koga, Kindai University, 
Japan; Noriaki Suetake, Yamaguchi University, Japan

TEC-1.11: INTEGRATION-AND-DIFFUSION NETWORK FOR LOW-LIGHT IMAGE ............................................... 1664
ENHANCEMENT
Pengliang Tang, Beijing University of Posts and Telecommunications, China; Xiaoqiang Guo, Academy of Broadcasting Science, 
China; Guodong Ju, Liangheng Shen, GuangDong TUS-TuWei Technology Co.,Ltd, China; Aidong Men, Beijing University of 
Posts and Telecommunications, China

TEC-1.12: SUBBAND ADAPTIVE ENHANCEMENT OF LOW LIGHT IMAGES USING ............................................. 1669
WAVELET-BASED CONVOLUTIONAL NEURAL NETWORKS
Zhe Ji, Cheolkon Jung, Xidian University, China

TEC-2: RESTORATION AND ENHANCEMENT II

TEC-2.1: CU-NET+: DEEP FULLY INTERPRETABLE NETWORK FOR ....................................................................... 1674
MULTI-MODAL IMAGE RESTORATION
Jingyi Xu, Xin Deng, Mai Xu, Beihang University, China; Pier Luigi Dragotti, Imperial College London, United Kingdom

TEC-2.2: SINGLE IMAGE RESTORATION WITH GENERATIVE PRIORS................................................................... 1679
Kalliopi Basioti, Rutgers University, United States; George V. Moustakides, University of Patras, Greece

TEC-2.3: ENHANCED CONVERGENT PNP ALGORITHMS FOR IMAGE .................................................................... 1684
RESTORATION
Matthieu Terris, Audrey Repetti, Heriot-Watt University, United Kingdom; Jean-Christophe Pesquet, CentraleSupelec, University 
Paris-Saclay, INRIA, France; Yves Wiaux, Heriot-Watt University, United Kingdom

TEC-2.4: LABMAT: LEARNED FEATURE-DOMAIN BLOCK MATCHING FOR IMAGE .......................................... 1689
RESTORATION
Shijun Liang, Michigan State University, United States; Berk Iskender, University of Illinois at Urbana-Champaign, United 
States; Bihan Wen, Nanyang Technological University, Singapore; Saiprasad Ravishankar, Michigan State University, United 
States

TEC-2.5: LEARNING TO RESTORE IMAGES DEGRADED BY ATMOSPHERIC ........................................................ 1694
TURBULENCE USING UNCERTAINTY
Rajeev Yasarla, Vishal Patel, Johns Hopkins University, United States



li

TEC-2.6: UNPAIRED NIGHT-TO-DAY TRANSLATION: IMAGE RESTORATION AND ............................................. 1699
STYLE TRANSFER UNDER LOW ILLUMINATION
Haoling Li, Yuanyuan Chen, Sichuan University, China

TEC-2.7: REVERTIBLE GUIDANCE IMAGE BASED IMAGE DETAIL ENHANCEMENT.......................................... 1704
Tsung-Wei Huang, Guan-Ming Su, Dolby, United States

TEC-2.8: RETINEX UNDERWATER IMAGE ENHANCEMENT WITH MULTIORDER .............................................. 1709
GRADIENT PRIORS
Peixian Zhuang, Tsinghua University, China

TEC-2.9: PAN-SHARPENING VIA HIGH-PASS MODIFICATION CONVOLUTIONAL ............................................... 1714
NEURAL NETWORK
Jiaming Wang, Zhenfeng Shao, Wuhan University, China; Xiao Huang, University of Arkansas, United States; Tao Lu, Wuhan 
Institute of Technology, China; Ruiqian Zhang, Jiayi Ma, Wuhan University, China

TEC-2.10: SINGLE IMAGE ATMOSPHERIC VEIL REMOVAL USING NEW PRIORS................................................. 1719
Alexandra Duminil, Jean-Philippe Tarel, Roland Brémond, Université Gustave Eiffel, France

TEC-2.11: IMAGE DEBLURRING BASED ON LIGHTWEIGHT MULTI-INFORMATION ......................................... 1724
FUSION NETWORK
Yanni Zhang, Northeast Normal University, China; Yiming Liu, Hunan Normal University, China; Qiang Li, Miao Qi, Northeast 
Normal University, China; Dahong Xu, Hunan Normal University, China; Jun Kong, Jianzhong Wang, Northeast Normal 
University, China

TEC-2.12: BLIND IMAGE DEBLURRING BASED ON DUAL ATTENTION NETWORK ............................................. 1729
AND 2D BLUR KERNEL ESTIMATION
Senmao Tian, Shunli Zhang, Beibei Lin, Beijing Jiaotong University, China

TEC-3: RESTORATION AND ENHANCEMENT III

TEC-3.1: INVERSE HALFTONE COLORIZATION: MAKING HALFTONE PRINTS .................................................. 1734
COLOR PHOTOS
Yu-Ting Yen, Chia-Chi Cheng, Wei-Chen Chiu, National Chiao Tung University, Taiwan

TEC-3.2: PAINTING STYLE-AWARE MANGA COLORIZATION BASED ON GENERATIVE ................................... 1739
ADVERSARIAL NETWORKS
Yugo Shimizu, Tokyo University of Science, Japan; Ryosuke Furuta, University of Tokyo, Japan; Delong Ouyang, Yukinobu 
Taniguchi, Tokyo University of Science, Japan; Ryota Hinami, Shonosuke Ishiwatari, Mantra Inc., Japan

TEC-3.3: MULTI-VIEW IMAGE COLOR CORRECTION USING 3D POINT SET ........................................................ 1744
REGISTRATION
Hyeonwoo Jeong, Byunghyun Yoon, Honggu Jeong, Kang-Sun Choi, KOREATECH, Republic of Korea

TEC-3.4: DEEP COLOR MISMATCH CORRECTION IN STEREOSCOPIC 3D IMAGES............................................ 1749
Simone Croci, Trinity College Dublin, Ireland; Cagri Ozcinar, Samsung Research Institute UK, United Kingdom; Emin Zerman, 
Trinity College Dublin, Ireland; Roman Dudek, Universidad de Las Palmas de Gran Canaria, Spain; Sebastian Knorr, Ernst 
Abbe University of Applied Sciences Jena, Germany; Aljosa Smolic, Trinity College Dublin, Ireland

TEC-3.5: DYNAMIC MULTI-DOMAIN TRANSLATION NETWORK FOR SINGLE IMAGE ..................................... 1754
DERAINING
Zihong Huang, Jian Zhang, Peking University, China

TEC-3.6: PCNET: PROGRESSIVE COUPLED NETWORK FOR REAL-TIME IMAGE ............................................... 1759
DERAINING
Kui Jiang, Zhongyuan Wang, Peng Yi, Wuhan University, China; Chen Chen, University of Central Florida, United States; Zheng 
Wang, Wuhan University, China; Chia-Wen Lin, National Tsing Hua University, Taiwan



lii

TEC-3.8: NIGHTTIME HAZE REMOVAL USING SALIENCY-ORIENTED AMBIENT ................................................ 1764
LIGHT AND TRANSMISSION ESTIMATION
Lin Tan, Shan Wang, Libao Zhang, Beijing Normal University, China

TEC-3.9: DEEP SNAPSHOT HDR RECONSTRUCTION BASED ON THE ...................................................................... 1769
POLARIZATION CAMERA
Juiwen Ting, University of Alberta, Canada; Xuesong Wu, NUDT, China; Kangkang Hu, Huawei, China; Hong Zhang, University 
of Alberta, China

TEC-3.10: SATURATED REGION RECOVERY IN TONE-MAPPED HDR IMAGES...................................................... 1774
Oguzhan Ulucan, Diclehan Karakaya, Mehmet Turkan, Izmir University of Economics, Turkey

TEC-3.11: VISIBLE AND INFRARED IMAGE FUSION USING ENCODER-DECODER .............................................. 1779
NETWORK
Ferhat Can Ataman, Gözde Bozdaği Akar, Middle East Technical University, Turkey

TEC-3.12: IMAGE FUSION THROUGH LINEAR EMBEDDINGS..................................................................................... 1784
Oguzhan Ulucan, Diclehan Karakaya, Mehmet Turkan, Izmir University of Economics, Turkey

TEC-4: SUPER-RESOLUTION

TEC-4.1: DEEP BLIND UN-SUPERVISED LEARNING NETWORK FOR SINGLE ....................................................... 1789
IMAGE SUPER RESOLUTION
Kazuhiro Yamawaki, Xian-Hua Han, Yamaguchi University, Japan

TEC-4.3: SINGLE IMAGE SUPER-RESOLUTION VIA GLOBAL-CONTEXT ATTENTION ....................................... 1794
NETWORKS
Pengcheng Bian, Zhonglong Zheng, Dawei Zhang, Liyuan Chen, Minglu Li, Zhejiang Normal University, China

TEC-4.4: EXPLORE CONNECTION PATTERN AND ATTENTION MECHANISM FOR  ............................................ N/A
LIGHTWEIGHTIMAGE SUPER-RESOLUTION
Zhu Qin, Taiping Zhang, Chongqing University, China

TEC-4.5: RECOVER THE RESIDUAL OF RESIDUAL: RECURRENT RESIDUAL ....................................................... 1804
REFINEMENT NETWORK FOR IMAGE SUPER-RESOLUTION
Tianxiao Gao, Ruiqin Xiong, Rui Zhao, Jian Zhang, Peking University, China; Shuyuan Zhu, University of Electronic Science and 
Technology of China, China; Tiejun Huang, Peking University, China

TEC-4.6: A FAST AND EFFICIENT SUPER-RESOLUTION NETWORK USING ........................................................... 1809
HIERARCHICAL DENSE RESIDUAL LEARNING
Vinh Van Duong, Thuc Nguyen Huu, Jonghoon Yim, Byeungwoo Jeon, Sungkyunkwan University, Republic of Korea

TEC-4.7: BINARIZING SUPER-RESOLUTION NETWORKS BY ..................................................................................... 1814
PIXEL-CORRELATION KNOWLEDGE DISTILLATION
Qiu Huang, Yuxin Zhang, Haoji Hu, Zhejiang University, China; Yongdong Zhu, Zhifeng Zhao, Zhejiang Lab, China

TEC-4.8: TWO-WAY GUIDED SUPER-RESOLUTION RECONSTRUCTION ................................................................ 1819
NETWORK BASED ON GRADIENT PRIOR
Yanhong Liu, Sumei Li, Anqi Liu, Tianjin University, China

TEC-4.9: A GRAPH NEURAL NETWORK FOR MULTIPLE-IMAGE .............................................................................. 1824
SUPER-RESOLUTION
Tomasz Tarasiewicz, Jakub Nalepa, Michal Kawulok, Silesian University of Technology, Poland

TEC-4.10: 360° SINGLE IMAGE SUPER RESOLUTION VIA DISTORTION-AWARE .................................................. 1829
NETWORK AND DISTORTED PERSPECTIVE IMAGES
Akito Nishiyama, University of Tokyo, Japan; Satoshi Ikehata, National Institute of Informatics, Japan; Kiyoharu Aizawa, 
University of Tokyo, Japan



liii

TEC-4.11: ENHANCED BACK PROJECTION NETWORK BASED STEREO IMAGE ................................................. 1834
SUPER-RESOLUTION CONSIDERING PARALLAX ATTENTION
Li Ma, Sumei Li, Tianjin University, China

TEC-4.12: DEPTH MAP SUPER-RESOLUTION BY MULTI-DIRECTION DICTIONARY ........................................... 1839
AND JOINT REGULARIZATION
Wei Xu, Jin Wang, Longhua Sun, Qing Zhu, Faculty of Information Technology, China

TEC-5: IMAGE AND VIDEO PROCESSING I

TEC-5.1: ROBUST LIGHT FIELD SYNTHESIS FROM STEREO IMAGES WITH ........................................................ 1844
LEFT-RIGHT GEOMETRIC CONSISTENCY
Chun-Hao Chao, Chang-Le Liu, Homer H. Chen, National Taiwan University, Taiwan

TEC-5.2: FAST HYBRID IMAGE RETARGETING............................................................................................................... 1849
Daniel Valdez-Balderas, Oleg Muraveynyk, Timothy Smith, Samsung, United Kingdom

TEC-5.3: A METHOD FOR ADDING MOTION-BLUR ON ARBITRARY OBJECTS BY ............................................... 1854
USING AUTO-SEGMENTATION AND COLOR COMPENSATION TECHNIQUES
Michihiro Mikamo, Ryo Furukawa, Hiroshima City University, Japan; Hiroshi Kawasaki, Kyushu University, Japan

TEC-5.4: SEMASUPERPIXEL: A MULTI-CHANNEL PROBABILITY-DRIVEN ............................................................ 1859
SUPERPIXEL SEGMENTATION METHOD
Xuehui Wang, Sun Yat-sen University and Shanghai Jiao Tong University, China; Qingyun Zhao, Sun Yat-sen University, 
China; Lei Fan, Northwestern University, China; Yuzhi Zhao, City University of Hong Kong, China; Tiantian Wang, Qiong Yan, 
SenseTime Research, China; Long Chen, Sun Yat-sen University, China

TEC-5.5: AN OPTICAL PHYSICS INSPIRED CNN APPROACH FOR INTRINSIC IMAGE ........................................ 1864
DECOMPOSITION
Harshana Weligampola, Sri Lanka Technological Campus, Sri Lanka; Gihan Jayatilaka, University of Peradeniya, Sri Lanka; 
Suren Sritharan, Sri Lanka Technological Campus, Sri Lanka; Parakrama Ekanayake, Roshan Ragel, Vijitha Herath, Roshan 
Godaliyadda, University of Peradeniya, Sri Lanka

TEC-5.6: A TWO-STAGE AUTOENCODER FOR VISUAL ANOMALY DETECTION.................................................... 1869
Yezhou Zhu, Jianzhu Wang, Jing Zhang, Qingyong Li, Beijing Jiaotong University, China

TEC-5.7: TWO-PHASE MULTIMODAL IMAGE FUSION USING CONVOLUTIONAL ............................................... 1874
NEURAL NETWORKS
Kushal Kusram, Shane Transue, Min-Hyung Choi, University of Colorado Denver, United States

TEC-5.8: ROBUST VISUAL OBJECT TRACKING WITH SPATIOTEMPORAL ............................................................ 1879
REGULARISATION AND DISCRIMINATIVE OCCLUSION DEFORMATION
Shiyong Lan, Jin Li, Shipeng Sun, Sichuan University, China; Xin Lai, Southwest Petroleum University, China; Wenwu Wang, 
University of Surrey, United Kingdom

TEC-5.9: ADAPTIVE MULTI-FEATURE FUSION FOR ROBUST OBJECT TRACKING.............................................. 1884
Mengxue Liu, Yujuan Qi, Yanjiang Wang, Baodi Liu, China University of Petroleum (East China), China

TEC-5.10: SAROD: EFFICIENT END-TO-END OBJECT DETECTION ON SAR IMAGES ......................................... 1889
WITH REINFORCEMENT LEARNING
Junhyung Kang, Sungkyunkwan University, Republic of Korea; Hyeonseong Jeon, AIRS Company, Hyundai Motor Group, 
Republic of Korea; Youngoh Bang, Simon S. Woo, Sungkyunkwan University, Republic of Korea

TEC-5.11: CFPNET: CHANNEL-WISE FEATURE PYRAMID FOR REAL-TIME ......................................................... 1894
SEMANTIC SEGMENTATION
Ange Lou, Murray Loew, George Washington University, United States



liv

TEC-5.12: DECODING OF NANOPORE-SEQUENCED SYNTHETIC DNA STORING ................................................. 1899
DIGITAL IMAGES
Eva Gil San Antonio, Melpomeni Dimopoulou, Marc Antonini, Pascal Barbry, Université cote d’Azur, France; Raja Appuswamy, 
EURECOM, France

TEC-6: IMAGE AND VIDEO PROCESSING II

TEC-6.1: REGULARIZED INTERMEDIATE LAYERS ATTACK: ADVERSARIAL ....................................................... 1904
EXAMPLES WITH HIGH TRANSFERABILITY
Xiaorui Li, Weiyu Cui, Jiawei Huang, Wenyi Wang, Jianwen Chen, University of Electronic Science and Technology of China, 
China

TEC-6.2: APPROXIMATE FAST FOREGROUND COLOUR ESTIMATION.................................................................... 1909
Marco Forte, Photoroom.com, Ireland

TEC-6.3: TAYLOR SERIES KERNELIZED LAYER FOR FINE-GRAINED .................................................................... 1914
RECOGNITION
Mohamed Amine Mahmoudi, Mustapha Stambouli University of Mascara, Algeria; Aladine Chetouani, Laboratoire PRISME, 
Université d’Orléans, France; Fatma Boufera, Mustapha Stambouli University of Mascara, Algeria; Hedi Tabia, IBISC 
laboratory, University of Paris-Saclay, Paris, France

TEC-6.4: A DISCRETE SCHEME FOR COMPUTING IMAGE’S WEIGHTED GAUSSIAN ......................................... 1919
CURVATURE
Yuanhao Gong, Wenming Tang, Lebin Zhou, Shenzhen University, China; Lantao Yu, Rice University, United States; Guoping Qiu, 
Shenzhen University, China

TEC-6.5: REFERENCE-BASED VIDEO COLORIZATION WITH MULTI-SCALE ....................................................... 1924
SEMANTIC FUSION AND TEMPORAL AUGMENTATION
Yaxin Liu, Xiaoyan Zhang, Shenzhen University, China; Xiaogang Xu, The Chinese University of Hong Kong, China

TEC-6.6: PIXSTABNET: FAST MULTI-SCALE DEEP ONLINE VIDEO STABILIZATION .......................................... 1929
WITH PIXEL-BASED WARPING
Yu-Ta Chen, Kuan-Wei Tseng, National Taiwan University, Taiwan; Yao-Chih Lee, Academia Sinica, Taiwan; Chun-Yu Chen, Yi-
Ping Hung, National Taiwan University, Taiwan

TEC-6.7: INTERPRETABLE DEEP IMAGE PRIOR METHOD INSPIRED IN LINEAR ............................................... 1934
MIXTURE MODEL FOR COMPRESSED SPECTRAL IMAGE RECOVERY
Tatiana Gelvez, Jorge Bacca, Henry Arguello, Universidad Industrial de Santander, Colombia

TEC-6.8: OVERCOMPLETE REPRESENTATIONS AGAINST ADVERSARIAL VIDEOS............................................ 1939
Shao-Yuan Lo, Jeya Maria Jose Valanarasu, Vishal Patel, Johns Hopkins University, United States

TEC-6.9: DFPN: DEFORMABLE FRAME PREDICTION NETWORK............................................................................. 1944
Mustafa Akin Yilmaz, Ahmet Murat Tekalp, Koç University, Turkey

TEC-6.10: BACK-PROJECTION PIPELINE........................................................................................................................... 1949
Pablo Navarrete Michelini, Hanwen Liu, Yunhua Lu, Xingqun Jiang, BOE Technology Group Co., Ltd., China

TEC-6.11: IMPROVING NEURAL BLIND DECONVOLUTION......................................................................................... 1954
Jan Kotera, Filip Šroubek, Václav Šmídl, Institute of Information Theory and Automation, Czech Academy of Sciences, Czech 
Republic

TEC-6.12: QUARTER LAPLACIAN FILTER FOR EDGE AWARE IMAGE PROCESSING.......................................... 1959
Yuanhao Gong, Wenming Tang, Lebin Zhou, Shenzhen University, China; Lantao Yu, Rice University, United States; Guoping Qiu, 
Shenzhen University, China



lv

TEC-7: INTERPOLATION, ENHANCEMENT, INPAINTING

TEC-7.1: FAST & ROBUST IMAGE INTERPOLATION USING GRADIENT GRAPH .................................................. 1964
LAPLACIAN REGULARIZER
Fei Chen, Fuzhou University, China; Gene Cheung, Xue Zhang, York University, Canada

TEC-7.2: A NOVEL ALL-IN-ONE GRID NETWORK FOR VIDEO FRAME ................................................................... 1969
INTERPOLATION
Fanyong Xue, Jie Li, Chentao Wu, Shanghai Jiao Tong University, China

TEC-7.3: OPS-NET: OVER-PARAMETERIZED SHARING NETWORKS FOR VIDEO ............................................... 1974
FRAME INTERPOLATION
Zhen-Fang Wang, Yan-Jiang Wang, Shuai Shao, Bao-Di Liu, China University of Petroleum (East China), China

TEC-7.4: ANTI-ALIASING ADD-ON FOR DEEP PRIOR SEISMIC DATA INTERPOLATION..................................... 1979
Francesco Picetti, Vincenzo Lipari, Paolo Bestagini, Stefano Tubaro, Politecnico di Milano, Italy

TEC-7.5: HIGH-FREQUENCY PRESERVING IMAGE DOWNSCALER.......................................................................... 1984
Jaehwan Kim, Soo Min Kang, Kwang Pyo Choi, Youngo Park, Chaeeun Lee, Jongseok Lee, Samsung Research, Republic of 
Korea

TEC-7.6: SEARCHING ARCHITECTURE AND PRECISION FOR U-NET BASED IMAGE ........................................ 1989
RESTORATION TASKS
Krishna Teja Chitty-Venkata, Arun Somani, Iowa State University, United States; Sreenivas Kothandaraman, Intel Corporation, 
United States

TEC-7.7: BM3D VS 2-LAYER ONN.......................................................................................................................................... 1994
Junaid Malik, Tampere University, Finland; Serkan Kiranyaz, Qatar University, Qatar; Mehmet Yamac, HUAWEI Technologies, 
Finland; Moncef Gabbouj, Tampere University, Finland

TEC-7.8: BENCHMARKING OF NATURAL SCENE IMAGE DATASET IN DEGRADED ............................................ 1999
CONDITIONS FOR VISIBILITY ENHANCEMENT
Sourav Dey Roy, Tripura University (A Central University), India; Tannistha Pal, National Institute of Technology Agartala, 
India; Mrinal Kanti Bhowmik, Tripura University (A Central University), India

TEC-7.9: MULTI-SCALE MODEL DRIVEN SINGLE IMAGE DEHAZING..................................................................... 2004
Zhengguo Li, Haiyan Shu, Instittue for Infocomm Research, Singapore

TEC-7.10: TEST-TIME ADAPTATION FOR OUT-OF-DISTRIBUTED IMAGE INPAINTING...................................... 2009
Chajin Shin, Taeoh Kim, Sangjin Lee, Sangyoun Lee, Yonsei University, Republic of Korea

TEC-7.11: GPG-NET: FACE INPAINTING WITH GENERATIVE PARSING GUIDANCE............................................ 2014
Yuelong Li, Jialiang Yan, Jianming Wang, Tiangong University, China

COM-1: IMAGE AND VIDEO CODING

COM-1.1: INTERFRAME-DEPENDENT RATE-QP-DISTORTION MODEL FOR VIDEO ........................................... 2019
CODING AND TRANSMISSION
Mourad Aklouf, Université Paris-Saclay, France; Marc Leny, Ektacom, France; Michel Kieffer, Frédéric Dufaux, Université 
Paris-Saclay, France

COM-1.2: AN EFFICIENT COMPRESSION METHOD FOR SIGN INFORMATION OF .............................................. 2024
DCT COEFFICIENTS VIA SIGN RETRIEVAL
Chihiro Tsutake, Keita Takahashi, Toshiaki Fujii, Nagoya University, Japan

COM-1.3: ZOOMABLE INTRA PREDICTION FOR MULTI-FOCUS PLENOPTIC 2.0 ................................................ 2029
VIDEO CODING
Fan Jiang, Xin Jin, Tingting Zhong, Tsinghua University, China



lvi

COM-1.4: DECODER DERIVED CROSS-COMPONENT LINEAR MODEL ................................................................... 2034
INTRA-PREDICTION FOR VIDEO CODING
Zhipin Deng, Kai Zhang, Li Zhang, Bytedance Inc., China

COM-1.5: CONTEXT-ADAPTIVE SECONDARY TRANSFORM FOR VIDEO CODING............................................... 2039
Samruddhi Kahu, Madhu Krishnan, Xin Zhao, Shan Liu, Tencent America, United States

COM-1.6: LOSSLESS VIDEO CODING BASED ON PROBABILITY MODEL ............................................................... 2044
OPTIMIZATION WITH IMPROVED ADAPTIVE PREDICTION
Kyohei Unno, KDDI Research, Inc. / Tokyo University of Science, Japan; Yusuke Kameda, Yasuyo Kita, Ichiro Matsuda, Susumu 
Itoh, Tokyo University of Science, Japan; Kei Kawamura, KDDI Research, Inc., Japan

COM-1.7: EXTENDED DEPENDENT RANDOM ACCESS POINT PICTURES IN VVC................................................ 2049
Yang Wang, Ye-Kui Wang, Li Zhang, Kai Zhang, Zhipin Deng, Bytedance Inc., China

COM-1.8: 3D GEOMETRY-BASED GLOBAL MOTION COMPENSATION FOR VVC................................................. 2054
Hossein Bakhshi Golestani, Johannes Sauer, Christian Rohlfing, Jens-Rainer Ohm, RWTH Aachen University, Germany

COM-1.9: RATE ESTIMATION TECHNIQUES FOR ENCODER PARALLELIZATION............................................... 2059
Gaurang Chaudhari, Hsiao-Chiang Chuang, Igor Koba, Hariharan Lalgudi, Facebook Inc, United States

COM-1.10: VIDEO MULTIMETHOD ASSESSMENT FUSION BASED ............................................................................ 2064
RATE-DISTORTION OPTIMIZATION FOR VERSATILE VIDEO CODING
Han Zhang, Shanghai Jiao Tong University, China; Jizheng Xu, Bytedance Inc., United States; Li Song, Shanghai Jiao Tong 
University, China

COM-1.11: AN ENHANCED REFERENCE STRUCTURE FOR REFERENCE PICTURE ............................................ 2069
RESAMPLING (RPR) IN VVC
Tianliang Fu, Peking University, China; Kai Zhang, Li Zhang, Bytedance Inc., United States; Shanshe Wang, Siwei Ma, Peking 
University, China

COM-1.12: HUMAN-MACHINE COLLABORATIVE VIDEO CODING THROUGH ..................................................... 2074
CUBOIDAL PARTITIONING
Ashek Ahmmed, Manoranjan Paul, Charles Sturt University, Australia; Manzur Murshed, Federation University, Australia; David 
Taubman, University of New South Wales, Australia

COM-2: LEARNING-BASED IMAGE AND VIDEO CODING

COM-2.1: ANALYSIS OF NEURAL IMAGE COMPRESSION NETWORKS FOR .......................................................... 2079
MACHINE-TO-MACHINE COMMUNICATION
Kristian Fischer, Christian Forsch, Christian Herglotz, André Kaup, Friedrich-Alexander University Erlangen-Nürnberg (FAU), 
Germany

COM-2.2: AN EFFICIENT IMAGE COMPRESSION METHOD BASED ON NEURAL ................................................. 2084
NETWORK: AN OVERFITTING APPROACH
Yu Mikami, Chihiro Tsutake, Keita Takahashi, Toshiaki Fujii, Nagoya University, Japan

COM-2.3: COMPREHENSIVE COMPARISONS OF UNIFORM QUANTIZERS FOR ................................................... 2089
DEEP IMAGE COMPRESSION
Koki Tsubota, Kiyoharu Aizawa, University of Tokyo, Japan

COM-2.4: GRAPH-CONVOLUTION NETWORK FOR IMAGE COMPRESSION.......................................................... 2094
Chunhui Yang, Yi Ma, Jiayu Yang, Shiyi Liu, Ronggang Wang, Shenzhen Graduate School of Peking University, China

COM-2.5: LEARNED IMAGE COMPRESSION WITH CHANNEL-WISE GROUPED .................................................. 2099
CONTEXT MODELING
Liang Yuan, Jixiang Luo, Shaohui Li, Wenrui Dai, Chenglin Li, Junni Zou, Hongkai Xiong, Shanghai Jiao Tong University, China



lvii

COM-2.6: CONVOLUTIONAL NEURAL NETWORK BASED IN-LOOP FILTER FOR ................................................ 2104
VVC INTRA CODING
Yue Li, Li Zhang, Kai Zhang, Bytedance Inc., United States

COM-2.7: CNN-BASED PARAMETER SELECTION FOR FAST VVC INTRA-PICTURE ............................................ 2109
ENCODING
Gerhard Tech, Jonathan Pfaff, Heiko Schwarz, Philipp Helle, Adam Wieckowski, Detlev Marpe, Thomas Wiegand, Fraunhofer 
Heinrich Hertz Institute, Germany

COM-2.9: NEURAL NETWORK-BASED ERROR CONCEALMENT FOR VVC..............................................................2114
Martin Benjak, Yasser Samayoa, Jörn Ostermann, Gottfried Wilhelm Leibniz Universität Hannover, Germany

COM-2.10: INTRA TO INTER: TOWARDS INTRA PREDICTION FOR ...........................................................................2119
LEARNING-BASED VIDEO CODERS USING OPTICAL FLOW
Fabian Brand, Jürgen Seiler, André Kaup, Friedrich-Alexander University Erlangen-Nürnberg (FAU), Germany

COM-2.11: DEEP VIDEO COMPRESSION FOR INTERFRAME CODING...................................................................... 2124
David Alexandre, Hsueh-Ming Hang, Wen-Hsiao Peng, National Chiao Tung University, Taiwan; Marek Domański, Poznań 
University of Technology, Poland

COM-3: IMAGE AND VIDEO COMMUNICATIONS

COM-3.1: GRADUAL DECODING REFRESH WITH VIRTUAL BOUNDARY................................................................ 2129
Limin Wang, Seungwook Hong, Krit Panusopone, Nokia, United States

COM-3.2: IMPLICIT SELETED TRANSFORM SKIP METHOD FOR AVS3.................................................................... 2134
Yuhuai Zhang, Peking University, China; Kai Zhang, Li Zhang, Hongbin Liu, Yue Wang, Bytedance Inc., United States; Siwei Ma, 
Wen Gao, Peking University, China

COM-3.3: SCALABLE CODING OF MOTION AND DEPTH FIELDS WITH SHARED ................................................ 2139
BREAKPOINTS
Reji Mathew, Yue Li, David Taubman, University of New South Wales, Australia

COM-3.4: UNIVERSAL MODELING OF MONOSCOPIC AND MULTIVIEW VIDEO .................................................. 2144
CODECS WITH APPLICATIONS TO ENCODER CONTROL
Marek Domanski, Yasir Al-Obaidi, Tomasz  Grajek Grajek, Poznan University of Technology, Poland

COM-3.5: ATTENTION-DRIVEN TILE SPLITTING METHOD FOR IMPROVED ....................................................... 2149
EFFICIENCY OF OMNIDIRECTIONAL VERSATILE VIDEO CODING
Joao Carreira, Instituto de Telecomunicações, Portugal; Sergio Faria, Instituto de Telecomunicações / Polytechnic of Leiria, 
Portugal; Luis Tavora, Polytechnic of Leiria, Portugal; Antonio Navarro, Instituto de Telecomunicações / Universidade de Aveiro, 
Portugal; Pedro Assuncao, Instituto de Telecomunicações / Polytechnic of Leiria, Portugal

COM-3.6: LOSSY EVENT COMPRESSION BASED ON IMAGE-DERIVED QUAD ...................................................... 2154
TREES AND POISSON DISK SAMPLING
Srutarshi Banerjee, Zihao W. Wang, Henry H. Chopp, Oliver Cossairt, Aggelos K. Katsaggelos, Northwestern University, United 
States

COM-3.7: DYNAMIC POINT CLOUD GEOMETRY COMPRESSION USING CUBOID .............................................. 2159
BASED COMMONALITY MODELING FRAMEWORK
Ashek Ahmmed, Manoranjan Paul, Charles Sturt University, Australia; Manzur Murshed, Federation University, Australia; David 
Taubman, University of New South Wales, Australia

COM-3.8: COMBINING VIDEO QUALITY METRICS TO SELECT PERCEPTUALLY ............................................... 2164
ACCURATE RESOLUTION IN A WIDE QUALITY RANGE: A CASE STUDY
Madhukar Bhat, VITEC/ LS2N, France; Jean-Marc Thiesse, VITEC S.A., France; Patrick Le Callet, University of Nantes, France



lviii

COM-3.9: A FUZZY-BASED ADAPTATION CONTROLLER FOR LOW LATENCY LIVE .......................................... 2169
VIDEO STREAMING
Yunlong Li, Peking University, China; Xinfeng Zhang, University of Chinese Academy of Sciences, China; Shanshe Wang, Siwei 
Ma, Peking Universiy, China

COM-3.10: EFFICIENT CONTENT-ADAPTIVE FEATURE-BASED SHOT DETECTION ........................................... 2174
FOR HTTP ADAPTIVE STREAMING
Vignesh Vijayakumar Balakrishna Menon, Hadi Amirpour, Mohammad Ghanbari, Christian Timmerer, Alpen-Adria-Universitat 
Klagenfurt, Austria

COM-3.11: CALTEC: CONTENT-ADAPTIVE LINEAR TENSOR COMPLETION FOR ............................................... 2179
COLLABORATIVE INTELLIGENCE
Ashiv Dhondea, Robert Cohen, Ivan Bajic, Simon Fraser University, Canada

ARS-1: OBJECT DETECTION

ARS-1.1: USING FEATURE ALIGNMENT CAN IMPROVE CLEAN AVERAGE PRECISION .................................... 2184
AND ADVERSARIAL ROBUSTNESS IN OBJECT DETECTION
Weipeng Xu, Hongcheng Huang, Shanghai Jiao Tong University, China; Shaoyou Pan, Shanghai Forensic Service Platform, 
Academy of Forensic Science, China

ARS-1.2: ENHANCING MULTI-STEP ACTION PREDICTION FOR ACTIVE OBJECT ............................................... 2189
DETECTION
Fen Fang, Qianli Xu, Nicolas Gauthier, Liyuan Li, Joo-Hwee Lim, Institute for Infocomm Research, Singapore

ARS-1.3: AUTOMATIC DETECTION OF REPEATED OBJECTS IN IMAGES............................................................... 2194
Mariano Rodriguez, Jean-Michel Morel, ENS Paris-Saclay, France; Julie Delon, Université de Paris, France

ARS-1.4: GUIDANCE AND TEACHING NETWORK FOR VIDEO SALIENT OBJECT ................................................ 2199
DETECTION
Yingxia Jiao, Wuhan University, China; Xiao Wang, Jiangxi University of Finance and Economics, China; Yu-Cheng Chou, 
Wuhan University, China; Shouyuan Yang, Jiangxi University of Finance and Economics, China; Ge-Peng Ji, Rong Zhu, Ge Gao, 
Wuhan University, China

ARS-1.5: DEPTH-ASSISTED JOINT DETECTION NETWORK FOR MONOCULAR 3D ............................................ 2204
OBJECT DETECTION
Jianjun Lei, Tingyi Guo, Bo Peng, Chuanbo Yu, Tianjin University, China

ARS-1.6: LAYER-WISE CUSTOMIZED WEAK SEGMENTATION BLOCK AND AIOU .............................................. 2209
LOSS FOR ACCURATE OBJECT DETECTION
Keyang Wang, Lei Zhang, Wenli Song, Qinghai Lang, Lingyun Qin, Chongqing University, China

ARS-1.7: IMPROVING OBJECT DETECTION AND ATTRIBUTE RECOGNITION BY .............................................. 2214
FEATURE ENTANGLEMENT REDUCTION
Zhaoheng Zheng, Arka Sadhu, Ram Nevatia, University of Southern California, United States

ARS-1.8: LOCOP: LOCAL COLLABORATIVE OBJECT PRESENCE FOR SEMANTIC ............................................. 2219
LABELING VIA SCORE MAP RE-INFERENCE
Lin Guo, Guoliang Fan, Oklahoma State University, United States

ARS-1.9: LOCALIZATION UNCERTAINTY-BASED ATTENTION FOR OBJECT ........................................................ 2224
DETECTION
Sanghun Park, Kunhee Kim, Eunseop Lee, Daijin Kim, Pohang University of Science and Technology, Republic of Korea

ARS-1.10: JOINT CO-ATTENTION AND CO-RECONSTRUCTION REPRESENTATION ........................................... 2229
LEARNING FOR ONE-SHOT OBJECT DETECTION
Jinghui Chu, Jiawei Feng, Peiguang Jing, Wei Lu, Tianjin University, China



lix

ARS-1.11: HALLUCINATION IN OBJECT DETECTION — A STUDY IN VISUAL PART ............................................ 2234
VERIFICATION
Osman Semih Kayhan, Delft University of Technology, Netherlands; Bart Vredebregt, Aiir Innovations, Netherlands; Jan C. van 
Gemert, Delft University of Technology, Netherlands

ARS-1.12: ROBUST UNSUPERVISED MULTI-OBJECT TRACKING IN NOISY ........................................................... 2239
ENVIRONMENTS
Huck Yang, Georgia Institute of Technology, United States; Mohit Chhabra, Hitachi, Japan; Yi-Chieh Liu, Georgia Institute of 
Technology, United States; Quan Kong, Tomoaki Yoshinaga, Tomokazu Murakami, Hitachi, Japan

ARS-2: IMAGE AND VIDEO SEGMENTATION

ARS-2.1: META-LEARNED FEATURE CRITICS FOR DOMAIN GENERALIZED ....................................................... 2244
SEMANTIC SEGMENTATION
Zu-Yun Shiau, Wei-Wei Lin, Ci-Siang Lin, Yu-Chiang Frank Wang, National Taiwan University, Taiwan

ARS-2.2: SELF-GUIDED ADVERSARIAL LEARNING FOR DOMAIN ADAPTIVE ...................................................... 2249
SEMANTIC SEGMENTATION
Yu-Ting Pang, Jui Chang, Chiou-Ting Hsu, National Tsing Hua University, Taiwan

ARS-2.3: TEMPORAL MEMORY ATTENTION FOR VIDEO SEMANTIC ...................................................................... 2254
SEGMENTATION
Hao Wang, Weining Wang, Jing Liu, Institute of Automation, Chinese Academy of Sciences, China

ARS-2.4: SPACEMESHLAB: SPATIAL CONTEXT MEMOIZATION AND MESHGRID .............................................. 2259
ATROUS CONVOLUTION CONSENSUS FOR SEMANTIC SEGMENTATION
Taehun Kim, Jinseong Kim, Daijin Kim, Pohang University of Science and Technology, Republic of Korea

ARS-2.5: COMPLEXMIX: SEMI-SUPERVISED SEMANTIC SEGMENTATION VIA ................................................... 2264
MASK-BASED DATA AUGMENTATION
Ying Chen, Xu Ouyang, Kaiyue Zhu, Gady Agam, Illinois Institute of Technology, United States

ARS-2.6: DYNAMIC DUAL SAMPLING MODULE FOR FINE-GRAINED SEMANTIC ............................................... 2269
SEGMENTATION
Chen Shi, Shanghai Jiao Tong University, China; Xiangtai Li, Peking University, China; Yanran Wu, Shanghai Jiao Tong 
University, China; Yunhai Tong, Peking University, China; Yi Xu, Shanghai Jiao Tong University, China

ARS-2.7: LEARNING OR MODELLING? AN ANALYSIS OF SINGLE IMAGE ............................................................. 2274
SEGMENTATION BASED ON SCRIBBLE INFORMATION
Hannah Dröge, Michael Moeller, University of Siegen, Germany

ARS-2.8: ATTENTION TOWARD NEIGHBORS: A CONTEXT AWARE FRAMEWORK .............................................. 2279
FOR HIGH RESOLUTION IMAGE SEGMENTATION
Fahim Faisal Niloy, M. Ashraful Amin, Amin Ahsan Ali, AKM Mahbubur Rahman, AGenCy Lab, Independent University 
Bangladesh, Bangladesh

ARS-2.9: INTERACTIVE OBJECT SEGMENTATION WITH DYNAMIC CLICK ......................................................... 2284
TRANSFORM
Chun-Tse Lin, Wei-Chih Tu, Chih-Ting Liu, Shao-Yi Chien, National Taiwan University, Taiwan

ARS-2.10: CMF: CASCADED MULTI-MODEL FUSION FOR REFERRING IMAGE ................................................... 2289
SEGMENTATION
Jianhua Yang, Beijing University of Posts and Telecommunications, China; Yan Huang, Institute of Automation, Chinese 
Academy of Sciences, China; Zhanyu Ma, Beijing University of Posts and Telecommunications, China; Liang Wang, Institute of 
Automation, Chinese Academy of Sciences, China

ARS-2.12: MPASNET: MOTION PRIOR-AWARE SIAMESE NETWORK FOR .............................................................. 2294
UNSUPERVISED DEEP CROWD SEGMENTATION IN VIDEO SCENES
Jinhai Yang, Hua Yang, Shanghai Jiao Tong University, China



lx

ARS-3: IMAGE AND VIDEO BIOMETRIC ANALYSIS

ARS-3.1: SELF-SUPERVISED BODYMAP-TO-APPEARANCE CO-ATTENTION FOR ............................................... 2299
PARTIAL PERSON RE-IDENTIFICATION
Ci-Siang Lin, Yu-Chiang Frank Wang, National Taiwan University, Taiwan

ARS-3.2: PART UNCERTAINTY ESTIMATION CONVOLUTIONAL NEURAL NETWORK ....................................... 2304
FOR PERSON RE-IDENTIFICATION
Wenyu Sun, Jiyang Xie, Jiayan Qiu, Zhanyu Ma, Beijing University of Posts and Telecommunications, China

ARS-3.3: THE ARM-SWING IS DISCRIMINATIVE IN VIDEO GAIT RECOGNITION ................................................ 2309
FOR ATHLETE RE-IDENTIFICATION
Yapkan Choi, Yeshwanth Napolean, Jan C. van Gemert, Delft University of Technology, Netherlands

ARS-3.4: GAITGRAPH: GRAPH CONVOLUTIONAL NETWORK FOR ......................................................................... 2314
SKELETON-BASED GAIT RECOGNITION
Torben Teepe, Ali Khan, Johannes Gilg, Fabian Herzog, Stefan Hörmann, Gerhard Rigoll, Technical University of Munich, 
Germany

ARS-3.5: SILHOUETTE-BASED VIEW-EMBEDDINGS FOR GAIT RECOGNITION .................................................. 2319
UNDER MULTIPLE VIEWS
Tianrui Chai, Xinyu Mei, Annan Li, Yunhong Wang, Beihang University, China

ARS-3.6: TEMPORAL-SPATIAL DEFORMABLE POSE NETWORK FOR ..................................................................... 2324
SKELETON-BASED GESTURE RECOGNITION
Honghui Lin, Jiale Cheng, Yu Li, Xin Zhang, South China University of Technology, China

ARS-3.7: LIGHTWEIGHT CONNECTIVITY IN GRAPH CONVOLUTIONAL .............................................................. 2329
NETWORKS FOR SKELETON-BASED RECOGNITION
Hichem Sahbi, CNRS Sorbonne University, France

ARS-3.8: DFER-NET: RECOGNIZING FACIAL EXPRESSION IN THE WILD............................................................... 2334
Yumin Tian, Mengqi Li, Di Wang, Xidian University, China

ARS-3.9: TOWARDS A GENERAL DEEP FEATURE EXTRACTOR FOR FACIAL ........................................................ 2339
EXPRESSION RECOGNITION
Liam Schoneveld, Powder AI Research, France; Alice Othmani, Université Paris-Est Créteil, France

ARS-3.10: MULTI-VIEW NORMALIZATION FOR FACE RECOGNITION..................................................................... 2343
Chia-Hao Tang, Yi-Mei Chou, Gee-Sern Jison Hsu, National Taiwan University of Science and Technology, Taiwan

ARS-3.11: INTERACTION-GCN: A GRAPH CONVOLUTIONAL NETWORK BASED ................................................ 2348
FRAMEWORK FOR SOCIAL INTERACTION RECOGNITION IN EGOCENTRIC VIDEOS
Simone Felicioni, University of Perugia, Italy; Mariella Dimiccoli, Institut de Robòtica i Informàtica Industrial (CSIC-UPC), 
Spain

ARS-4: RE-IDENTIFICATION AND RETRIEVAL

ARS-4.1: HIGH CONFIDENCE ATTRIBUTE RECOGNITION FOR VEHICLE ............................................................. 2353
RE-IDENTIFICATION
Xinze Dou, Yang Liu, Kai Lv, Zhang Xiong, Hao Sheng, Beihang University, China

ARS-4.3: LEARNING GENERIC FEATURE REPRESENTATIONS WITH ADVERSARIAL ........................................ 2358
REGULARIZATION FOR PERSON RE-IDENTIFICATION
Qindong Zhang, Sanping Zhou, Jinjun Wang, Xi’an Jiaotong University, China

ARS-4.4: UNSUPERVISED PERSON RE-IDENTIFICATION VIA GLOBAL-LEVEL AND ........................................... 2363
PATCH-LEVEL DISCRIMINATIVE FEATURE LEARNING
Zongzhe Sun, Feng Zhao, Feng Wu, University of Science and Technology of China, China



lxi

ARS-4.5: PCNET: PARALLELLY CONQUER THE LARGE VARIANCE OF PERSON  ................................................ N/A
RE-IDENTIFICATION
Jianyuan Wang, Beihang University, China; Meiyue You, Beijing University of Chemical Technology, China; Biao Leng, Ming 
Jiang, Guanglu Song, Beihang University, China

ARS-4.6: ADVERSARIAL CROSS-SCALE ALIGNMENT PURSUIT FOR SERIOUSLY ................................................ 2373
MISALIGNED PERSON RE-IDENTIFICATION
Yuanhang He, Hua Yang, Lin Chen, Shanghai Jiao Tong University, China

ARS-4.7: IMPROVING ATTRIBUTE-BASED PERSON RETRIEVAL BY USING A ....................................................... 2378
CALIBRATED, WEIGHTED, AND DISTRIBUTION-BASED DISTANCE METRIC
Andreas Specker, Karlsruhe Institute of Technology, Germany; Jürgen Beyerer, Fraunhofer IOSB, Germany

ARS-4.8: MULTI-CAMERA VIDEO SCENE GRAPHS FOR SURVEILLANCE VIDEOS .............................................. 2383
INDEXING AND RETRIEVAL
Toshal Patel, Alvin Yan Hong Yao, National University of Singapore, Singapore; Yu Qiang, Seagate Technology, Singapore; Wei 
Tsang Ooi, Roger Zimmermann, National University of Singapore, Singapore

ARS-4.9: SEMANTIC-PRESERVING METRIC LEARNING FOR VIDEO-TEXT .......................................................... 2388
RETRIEVAL
Sungkwon Choo, Seong Jong Ha, Joonsoo Lee, NCSOFT, Republic of Korea

ARS-4.10: LEARNING REGIONAL ATTENTION OVER MULTI-RESOLUTION DEEP .............................................. 2393
CONVOLUTIONAL FEATURES FOR TRADEMARK RETRIEVAL
Osman Tursun, Simon Denman, Sridha Sridharan, Clinton Fookes, Queensland University of Technology, Australia

ARS-4.11: GAT-ASSISTED DEEP HASHING FOR MULTI-LABEL IMAGE RETRIEVAL............................................. 2398
Jiachen Li, Zhi Li, Yanchun Ma, Qing Xie, Yongjian Liu, Wuhan University of Technology, China

ARS-5: IMAGE AND VIDEO SYNTHESIS, RENDERING AND VISUALIZATION

ARS-5.1: ADVERSARIAL SEGMENTATION LOSS FOR SKETCH COLORIZATION.................................................. 2403
Samet Hicsonmez, Hacettepe University, Turkey; Nermin Samet, Emre Akbas, Middle East Technical University, Turkey; Pinar 
Duygulu, Hacettepe University, Turkey

ARS-5.2: 3S-NET: ARBITRARY SEMANTIC-AWARE STYLE TRANSFER WITH ........................................................ 2408
CONTROLLABLE ROI CHOICE
Bingqing Guo, Pengwei Hao, Queen Mary University of London, United Kingdom

ARS-5.3: MULTIPLE STYLE TRANSFER VIA VARIATIONAL AUTOENCODER......................................................... 2413
Zhi-Song Liu, Vicky Kalogeiton, Marie-Paule Cani, Ecole Polytechnique, CNRS (LIX), IP Paris, France

ARS-5.4: LEARNING NON-LINEAR DISENTANGLED EDITING FOR STYLEGAN.................................................... 2418
Xu Yao, Alasdair Newson, Yann Gousseau, Telecom Paris, France; Pierre Hellier, Interdigital, France

ARS-5.5: POSE GUIDED PERSON IMAGE GENERATION WITH HIDDEN P-NORM ................................................ 2423
REGRESSION
Ting-Yao Hu, Alexander Hauptmann, Carnegie Mellon University, United States

ARS-5.6: SCENE GRAPH TO IMAGE GENERATION WITH CONTEXTUALIZED ..................................................... 2428
OBJECT LAYOUT REFINEMENT
Maor Ivgi, Yaniv Benny, Avichai Ben-David, Jonathan Berant, Lior Wolf, Tel-Aviv University, Israel

ARS-5.7: SEGMENTATION-AWARE TEXT-GUIDED IMAGE MANIPULATION........................................................... 2433
Tomoki Haruyama, Ren Togo, Keisuke Maeda, Takahiro Ogawa, Miki Haseyama, Hokkaido University, Japan

ARS-5.8: TEXT TO IMAGE SYNTHESIS WITH ERUDITE GENERATIVE ADVERSARIAL ...................................... 2438
NETWORKS
Zhiqiang Zhang, Hosei University, Japan; Wenxin Yu, Ning Jiang, Southwest University of Science and Technology, China; Jinjia 
Zhou, Hosei University, Japan



lxii

ARS-5.9: FA-GAN: FEATURE-AWARE GAN FOR TEXT TO IMAGE SYNTHESIS....................................................... 2443
Eunyeong Jeon, Kunhee Kim, Daijin Kim, Pohang University of Science and Technology, Republic of Korea

ARS-5.10: FACE TEXTURE GENERATION AND IDENTITY-PRESERVING ................................................................. 2448
RECTIFICATION
Stefan Hörmann, Technical University of Munich, Germany; Arka Bhowmick, Technical University of Munich & BIT Technology 
Solutions GmbH, Germany; Michael Weiher, Karl Leiss, BIT Technology Solutions GmbH, Germany; Gerhard Rigoll, Technical 
University of Munich, Germany

ARS-5.11: GI-AEE: GAN INVERSION BASED ATTENTIVE EXPRESSION EMBEDDING ......................................... 2453
NETWORK FOR FACIAL EXPRESSION EDITING
Yun Zhang, Ruixin Liu, Yifan Pan, Dehao Wu, Yuesheng Zhu, Zhiqiang Bai, Peking University, China

ARS-5.12: POSE-GUIDED AND STYLE-TRANSFERRED FACE REENACTMENT....................................................... 2458
Gee-Sern Jison Hsu, Hung-Yi Wu, National Taiwan University of Science and Technology, Taiwan

ARS-6: IMAGE AND VIDEO INTERPRETATION AND UNDERSTANDING I

ARS-6.1: A DIAGNOSTIC STUDY OF VISUAL QUESTION ANSWERING WITH ......................................................... 2463
ANALOGICAL REASONING
Ziqi Huang, Nanyang Technological University, Singapore; Hongyuan Zhu, Ying Sun, Institute for Infocomm Research (I2R), the 
Agency for Science, Technology and Research (A*STAR), Singapore; Dongkyu Choi, Institute of High Performance Computing 
(IHPC), the Agency for Science, Technology and Research (A*STAR), Singapore; Cheston Tan, Institute for Infocomm Research 
(I2R), the Agency for Science, Technology and Research (A*STAR), Singapore; Joo-Hwee Lim, Institute for Infocomm Research 
(I2R), the Agency for Science, Technology and Research (A*STAR) / Nanyang Technological University, Singapore

ARS-6.2: SAGAN: SKIP-ATTENTION GAN FOR ANOMALY DETECTION................................................................... 2468
Guoliang Liu, Shiyong Lan, Ting Zhang, Weikang Huang, Sichuan University, China; Wenwu Wang, University of Surrey, United 
Kingdom

ARS-6.3: INTERPRETABLE REPRESENTATION LEARNING ON NATURAL IMAGE ............................................... 2473
DATASETS VIA RECONSTRUCTION IN VISUAL-SEMANTIC EMBEDDING SPACE
Nao Nakagawa, Ren Togo, Takahiro Ogawa, Miki Haseyama, Hokkaido University, Japan

ARS-6.4: COUPLED PATCH SIMILARITY NETWORK FOR ONE-SHOT FINE-GRAINED ....................................... 2478
IMAGE RECOGNITION
Sheng Tian, Hao Tang, Longquan Dai, Nanjing University of Science and Technology, China

ARS-6.5: GENERALIZED ZERO-SHOT RECOGNITION THROUGH IMAGE-GUIDED ............................................ 2483
SEMANTIC CLASSIFICATION
Fang Li, Mei-Chen Yeh, National Taiwan Normal University, Taiwan

ARS-6.6: VIDEO MEMORABILITY PREDICTION VIA LATE FUSION OF DEEP ........................................................ 2488
MULTI-MODAL FEATURES
Roberto Leyva, Victor Sanchez, University of Warwick, United Kingdom

ARS-6.7: SPEAKER-INDEPENDENT LIPREADING BY DISENTANGLED .................................................................... 2493
REPRESENTATION LEARNING
Qun Zhang, Shilin Wang, Gongliang Chen, Shanghai Jiao Tong University, China

ARS-6.8: LEARNING AN ADAPTATION FUNCTION TO ASSESS IMAGE VISUAL ..................................................... 2498
SIMILARITIES
Olivier Risser-Maroix, Camille Kurtz, Nicolas Lomenie, Université de Paris, France

ARS-6.9: LIGHTER AND FASTER CROSS-CONCATENATED MULTI-SCALE RESIDUAL ....................................... 2503
BLOCK BASED NETWORK FOR VISUAL SALIENCY PREDICTION
Sai Phani Kumar Malladi, Jayanta Mukhopadhyay, Indian Institute of Technology Kharagpur, India; Mohamed-Chaker Larabi, 
University of Poitiers, France; Santanu Chaudhury, Indian Institute of Technology Jodhpur, India



lxiii

ARS-6.10: FAST AND ACCURATE SCENE PARSING VIA BI-DIRECTION ALIGNMENT .......................................... 2508
NETWORKS
Yanran Wu, Shanghai Jiao Tong University, China; Xiangtai Li, Peking University, China; Chen Shi, Shanghai Jiao Tong 
University, China; Yunhai Tong, Peking University, China; Yang Hua, Queen’s University Belfast, United Kingdom; Tao Song, 
Ruhui Ma, Haibing Guan, Shanghai Jiao Tong University, China

ARS-6.11: HIERARCHICAL VARIATIONAL AUTOENCODERS FOR VISUAL ............................................................. 2513
COUNTERFACTUALS
Nicolas Vercheval, Aleksandra Pizurica, UGent, Belgium

ARS-6.12: KNOWLEDGE DISTILLATION FOR HUMAN ACTION ANTICIPATION.................................................... 2518
Vinh Tran, Yang Wang, Zekun Zhang, Minh Hoai Nguyen, Stony Brook University, United States

ARS-7: IMAGE AND VIDEO INTERPRETATION AND UNDERSTANDING II

ARS-7.1: GENERATING AESTHETIC BASED CRITIQUE FOR PHOTOGRAPHS........................................................ 2523
Yong-Yaw Yeo, Multimedia University, Malaysia; John See, Heriot-Watt University Malaysia, Malaysia; Lai-Kuan Wong, Hui-Ngo 
Goh, Multimedia University, Malaysia

ARS-7.2: DESCRIBE ME IF YOU CAN! CHARACTERIZED INSTANCE-LEVEL HUMAN ........................................ 2528
PARSING
Angelique Loesch, Romaric Audigier, Commissariat à l’énergie atomique et aux énergies alternatives, France

ARS-7.3: CONTEXTUAL LABEL TRANSFORMATION FOR SCENE GRAPH .............................................................. 2533
GENERATION
Wonhee Lee, Samsung Electronics, Republic of Korea; Sungeun Kim, Gunhee Kim, Seoul National University, Republic of Korea

ARS-7.4: CAPTIONING TRANSFORMER WITH SCENE GRAPH GUIDING................................................................. 2538
Haishun Chen, Ying Wang, Xin Yang, Jie Li, Xidian University, China

ARS-7.5: AI-GAN: ATTACK-INSPIRED GENERATION OF ADVERSARIAL EXAMPLES........................................... 2543
Tao Bai, Jun Zhao, Jinlin Zhu, Nanyang Technological University, Singapore; Shoudong Han, Huazhong University of Science 
and Technology, China; Jiefeng Chen, University of Wisconsin-Madison, United States; Bo Li, University of Illinois at Urbana-
Champaign, United States; Alex Kot, Nanyang Technological University, United States

ARS-7.6: DISENTANGLING LATENT GROUPS OF FACTORS......................................................................................... 2548
Nakamasa Inoue, Ryota Yamada, Tokyo Institute of Technology, Japan; Rei Kawakami, Ikuro Sato, Tokyo Institute of Technology / 
Denso IT Laboratory, Inc., Japan

ARS-7.7: MULTI-TASK LEARNING BY A TOP-DOWN CONTROL NETWORK............................................................ 2553
Hila Levi, Shimon Ullman, Weizmann Institute of Science, Israel

ARS-7.8: OPTICAL FLOW ESTIMATION VIA MOTION FEATURE RECOVERY........................................................ 2558
Yang Jiao, Xidian University / Johns Hopkins University, China; Guangming Shi, Xidian University, China; Trac D. Tran, Johns 
Hopkins University, United States

ARS-7.9: ACTION RELATIONAL GRAPH FOR WEAKLY-SUPERVISED TEMPORAL .............................................. 2563
ACTION LOCALIZATION
Yi Cheng, Ying Sun, Dongyun Lin, Joo-Hwee Lim, Institute for Infocomm Research, Singapore

ARS-7.10: LISTEN TO THE PIXELS........................................................................................................................................ 2568
Sanjoy Chowdhury, IIIT, Hyderabad, India; Subhrajyoti Dasgupta, Sudip Das, Ujjwal Bhattacharya, Indian Statistical Institute, 
Kolkata, India

ARS-7.11: IMAGE CROPPING ASSISTED BY MODELING INTER-PATCH RELATIONS........................................... 2573
Tianpei Lian, Zhiguo Cao, Hao Lu, Zijin Wu, Huazhong University of Science and Technology, China; Weicai Zhong, Huawei 
Technologies CO., LTD., China



lxiv

ARS-7.12: EXTRINSIC CAMERA CALIBRATION BY USING A NONUNIFORM ......................................................... 2578
SUBDIVISION ACCUMULATOR AND ORTHOGONAL VANISHING POINTS
Zhifeng Chen, Sining Liu, Ente Guo, Jingjing Yang, Fuzhou University, China

ARS-8: IMAGE AND VIDEO MID-LEVEL ANALYSIS

ARS-8.1: PROGRESSIVE KNOWLEDGE DISTILLATION FOR EARLY ACTION ....................................................... 2583
RECOGNITION
Vinh Tran, Niranjan Balasubramanian, Minh Hoai Nguyen, Stony Brook University, United States

ARS-8.2: UNSUPERVISED DISCRIMINATIVE EMBEDDING FOR SUB-ACTION ....................................................... 2588
LEARNING IN COMPLEX ACTIVITIES
Swetha Sirnam, University of Central Florida, United States; Hilde Kuehne, MIT-IBM Watson AI Lab/CVAI Group, Goethe 
University Frankfurt, United States; Yogesh S Rawat, Mubarak Shah, University of Central Florida, United States

ARS-8.3: VIOLENCE DETECTION FROM VIDEO UNDER 2D SPATIO-TEMPORAL ................................................. 2593
REPRESENTATIONS
Mohamed Chelali, Camille Kurtz, Nicole Vincent, Université de Paris, France

ARS-8.4: PUNET: TEMPORAL ACTION PROPOSAL GENERATION WITH POSITIVE ............................................. 2598
UNLABELED LEARNING USING KEY FRAME ANNOTATIONS
Noor ul Sehr Zia, Osman Semih Kayhan, Jan C. van Gemert, Delft University of Technology, Netherlands

ARS-8.5: E-ACJ: ACCURATE JUNCTION EXTRACTION FOR EVENT CAMERAS.................................................... 2603
Zhihao Liu, Yuqian Fu, Wuhan University, China

ARS-8.7: IMAGE MATCHING USING ENHANCEMENT OFFSETS WITH ADAPTIVE .............................................. 2608
PARAMETER SELECTION VIA HISTOGRAM ANALYSIS
Jonathan Psaila, Thanh Hong-Phuoc, Ling Guan, Ryerson University, Canada

ARS-8.8: AN UNSUPERVISED OPTICAL FLOW ESTIMATION FOR LIDAR IMAGE ................................................ 2613
SEQUENCES
Xuezhou Guo, Xuhu Lin, Lili Zhao, Zezhi Zhu, Jianwen Chen, University of Electronic Science and Technology of China, China

ARS-8.9: A FAST SMART-CROPPING METHOD AND DATASET FOR VIDEO ............................................................. 2618
RETARGETING
Konstantinos Apostolidis, Vasileios Mezaris, Information Technologies Institute, Centre for Research and Technology Hellas, 
Greece

ARS-8.10: FIBER RECOGNITION IN COMPOSITE MATERIALS................................................................................... 2623
Xiang Li, Sara Shonkwiler, Sara McMains, University of California, Berkeley, United States

ARS-8.11: PERCEPTUAL QUALITY ASSESSMENT OF DIBR SYNTHESIZED VIEWS .............................................. 2628
USING SALIENCY BASED DEEP FEATURES
Shubham Chaudhary, Alokendu Mazumder, Vinit Jakhetiya, Deebha Mumtaz, Badri Subudhi, Indian Institute of Technology 
Jammu, India

ARS-9: INTERPRETATION, UNDERSTANDING, RETRIEVAL

ARS-9.1: BRIMA: LOW-OVERHEAD BROWSER-ONLY IMAGE ANNOTATION TOOL ............................................ 2633
Tuomo Lahtinen, Hannu Turtiainen, Andrei Costin, University of Jyväskylä, Finland

ARS-9.2: ZERO IN ON SHAPE: A GENERIC 2D-3D INSTANCE SIMILARITY METRIC  ........................................... 2638
LEARNED FROM SYNTHETIC DATA
Maciej Janik, Non-affiliated, Poland; Niklas Gard, Anna Hilsmann, Peter Eisert, Fraunhofer Heinrich-Hertz-Institute, Germany



lxv

ARS-9.3: SHALLOW OPTICAL FLOW THREE-STREAM CNN FOR MACRO- AND  ................................................. 2643
MICRO-EXPRESSION SPOTTING FROM LONG VIDEOS
Gen-Bing Liong, Multimedia University, Malaysia; John See, Heriot-Watt University Malaysia, Malaysia; Lai-Kuan Wong, 
Multimedia University, Malaysia

ARS-9.4: INTER-MODALITY FUSION BASED ATTENTION FOR ZERO-SHOT  ........................................................ 2648
CROSS-MODAL RETRIEVAL
Bela Chakraborty, Peng Wang, Lei Wang, University of Wollongong, Australia

ARS-9.5: ADAPTING INTRA-CLASS VARIATIONS FOR SAR IMAGE CLASSIFICATION ....................................... 2653
Tsenjung Tai, Masato Toda, NEC Corporation, Japan

ARS-9.6: HYPERSPECTRAL CLASSIFICATION USING COOPERATIVE  ................................................................... 2658
SPATIAL-SPECTRAL ATTENTION NETWORK WITH TENSOR LOW-RANK RECONSTRUCTION
Sen Li, Xiaoyan Luo, Qixiong Wang, Lei Li, Weifa Shen, Jihao Yin, Beihang University, China

ARS-9.7: PAN: PERSONALIZED ATTENTION NETWORK FOR OUTFIT .................................................................... 2663
RECOMMENDATION
Huijing Zhan, Jie Lin, Agency for Science, Technology and Research (A*STAR), Singapore

ARS-9.8: COMPOSITIONAL SKETCH SEARCH ................................................................................................................. 2668
Alexander Black, Tu Bui, University of Surrey, United Kingdom; Long Mai, Hailin Jin, Adobe Research, United States; John 
Collomosse, University of Surrey, United Kingdom

ARS-9.9: ATTEND, CORRECT AND FOCUS: A BIDIRECTIONAL CORRECT  ............................................................ 2673
ATTENTION NETWORK FOR IMAGE-TEXT MATCHING
Yang Liu, Huaqiu Wang, Chongqing University of Technology, China; Fanyang Meng, Peng Cheng Laboratory, China; Mengyuan 
Liu, Sun Yat-sen University, China; Hong Liu, Peking University, China

ARS-9.10: TIME-LAG AWARE MULTI-MODAL VARIATIONAL AUTOENCODER USING  ....................................... 2678
BASEBALL VIDEOS AND TWEETS FOR PREDICTION OF IMPORTANT SCENES
Kaito Hirasawa, Keisuke Maeda, Takahiro Ogawa, Miki Haseyama, Hokkaido University, Japan

ARS-9.11: ADVERSARIAL UNSUPERVISED VIDEO SUMMARIZATION AUGMENTED  ......................................... 2683
WITH DICTIONARY LOSS
Michail Kaseris, Ioannis Mademlis, Ioannis Pitas, Aristotle University of Thessaloniki, Greece

ARS-9.12: CROSS-DOMAIN RECOMMENDATION METHOD BASED ON MULTI-LAYER  ..................................... 2688
GRAPH ANALYSIS WITH VISUAL INFORMATION
Taisei Hirakawa, Keisuke Maeda, Takahiro Ogawa, Hokkaido University, Japan; Satoshi Asamizu, National Institute of 
Technology, Kushiro College, Japan; Miki Haseyama, Hokkaido University, Japan

ARS-10: IMAGE AND VIDEO ANALYSIS AND SYNTHESIS

ARS-10.1: ROBUST MULTI-FRAME FUTURE PREDICTION BY LEVERAGING VIEW  ........................................... 2693
SYNTHESIS
Kenan Emir Ak, Ying Sun, A*STAR, Singapore; Joo-Hwee Lim, A*STAR / Nanyang Technological University, Singapore

ARS-10.2: NOVEL VIEW VIDEO PREDICTION USING A DUAL REPRESENTATION ................................................ 2698
Sarah Shiraz, Krishna Regmi, Shruti Vyas, Yogesh Rawat, Mubarak Shah, University of Central Florida, United States

ARS-10.3: IPRNN: AN INFORMATION-PRESERVING MODEL FOR VIDEO  .............................................................. 2703
PREDICTION USING SPATIOTEMPORAL GRUS
Zheng Chang, Xinfeng Zhang, University of the Chinese Academy of Sciences, China; Shanshe Wang, Siwei Ma, Wen Gao, Peking 
University, China

ARS-10.4: IDENTITY AND ATTRIBUTE PRESERVING THUMBNAIL UPSCALING .................................................. 2708
Noam Gat, Sagie Benaim, Lior Wolf, Tel-Aviv University, Israel



lxvi

ARS-10.5: MORPHSET: AUGMENTING CATEGORICAL EMOTION DATASETS WITH  ......................................... 2713
DIMENSIONAL AFFECT LABELS USING FACE MORPHING
Vassilios Vonikakis, Amazon Web Services, Singapore; Dexter Neo, Stefan Winkler, National University of Singapore, Singapore

ARS-10.6: AGE REGRESSION WITH SPECIFIC FACIAL LANDMARKS BY DUAL  ................................................... 2718
DISCRIMINATOR ADVERSARIAL AUTOENCODER
Li-Chi Lan, Tsung-Jung Liu, National Chung Hsing University, Taiwan; Kuan-Hsien Liu, National Taichung University of Science 
and Technology, Taiwan

ARS-10.7: MULTI-LEVEL OPTICAL FLOW ESTIMATION BASED ON SPATIAL  ...................................................... 2723
PARTITIONING
Niloufar Pourian, Oscar Nestares, Intel Corporation, United States

ARS-10.8: MAT-NET: REPRESENTING APPEARANCE-IRRELEVANT WARP FIELD BY  ........................................ 2728
MULTIPLE AFFINE TRANSFORMATIONS
Jingwei Liu, Longquan Dai, Nanjing University Of Science And Technology, China

ARS-10.9: ON THE PRECISION OF MARKERLESS 3D SEMANTIC FEATURES: AN  ............................................... 2733
EXPERIMENTAL STUDY ON VIOLIN PLAYING
Matteo Moro, Maura Casadio, University of Genova, Italy; Leigh Ann Mrotek, Marquette University, United States; Rajiv 
Ranganathan, Michigan State University, United States; Robert Scheidt, Marquette University, United States; Francesca Odone, 
University of Genova, Italy

ARS-10.10: THE MIND’S EYE: VISUALIZING CLASS-AGNOSTIC FEATURES OF CNNS ........................................ 2738
Alexandros Stergiou, Utrecht University, Netherlands

ARS-10.11: SEMANTIC PRESERVING GENERATIVE ADVERSARIAL NETWORK FOR  ........................................ 2743
CROSS-MODAL HASHING
Fei Wu, Xiaokai Luo, Qinghua Huang, Pengfei Wei, Ying Sun, Nanjing University of Posts and Telecommunications, China; Xiwei 
Dong, Jiujiang University, China; Zhiyong Wu, Nanjing University of Posts and Telecommunications, China

ARS-10.12: A SIMPLE SUPERVISED HASHING ALGORITHM USING PROJECTED  ................................................ 2748
GRADIENT AND OPPOSITIONAL WEIGHTS
Sobhan Hemati, Mohammad Hadi Mehdizavareh, Morteza Babaie, University of Waterloo, Canada; Shivam Kalra, Kimia Lab, 
University of Waterloo, Canada; H.R. Tizhoosh, University of Waterloo, Canada

IMT-1: COMPUTATIONAL IMAGING LEARNING-BASED MODELS

IMT-1.1: SEMANTIC-BASED SENTENCE RECOGNITION IN IMAGES USING  ......................................................... 2753
BIMODAL DEEP LEARNING
Yi Zheng, Boston University, United States; Qitong Wang, Virginia Tech, United States; Margrit Betke, Boston University, United 
States

IMT-1.2: SHALLOW MULTI-SCALE NETWORK FOR STYLIZED  ................................................................................ 2758
SUPER-RESOLUTION
Thibault Durand, Julien Rabin, David Tschumperlé, Normandie University, France

IMT-1.3: PSEUDO-ACTIVE VISION FOR IMPROVING DEEP VISUAL PERCEPTION  ............................................. 2763
THROUGH NEURAL SENSORY REFINEMENT
Nikolaos Passalis, Anastasios Tefas, Aristotle University of Thessaloniki, Greece

IMT-1.4: AUTOMATIC TRIMAP GENERATION BY A MULTIMODAL NEURAL  ........................................................ 2768
NETWORK
Masaki Taniguchi, Taro Tezuka, University of Tsukuba, Japan

IMT-1.5: MPANET: MULTI-SCALE PYRAMID AGGREGATION NETWORK FOR  .................................................... 2773
STEREO MATCHING
Ziyu Zhu, Wei Guo, Wei Chen, Qiuping Li, Yong Zhao, Shenzhen Graduate School of Peking University, China



lxvii

IMT-1.6: REINFORCEDET: OBJECT DETECTION BY INTEGRATING  ....................................................................... N/A
REINFORCEMENT LEARNING WITH DECOUPLED PIPELINE
Man Zhou, University of Science and Technology of China, China; Liu Liu, Shanghai Jiao Tong University, China; Rujing Wang, 
Chinese Academy of Sciences, China

IMT-1.7: CYCLE GENERATIVE ADVERSARIAL NETWORK: TOWARDS A LOW-COST  ........................................ 2783
VEGETATION INDEX ESTIMATION
Patricia L. Suárez, Angel D. Sappa, Boris X. Vintimilla, Espol Polythecnic University, Ecuador

IMT-1.8: DSRN: AN EFFICIENT DEEP NETWORK FOR IMAGE RELIGHTING ........................................................ 2788
Sourya Dipta Das, Jadavpur University, India; Nisarg Shah, Indian Institute of Technology Jodhpur, India; Saikat Dutta, Indian 
Institute of Technology Madras, India; Himanshu Kumar, Indian Institute of Technology Jodhpur, India

IMT-1.9: SCATTERING-BASED HYBRID NETWORKS: AN EVALUATION AND DESIGN  ....................................... 2793
GUIDE
Dmitry Minskiy, Miroslaw Bober, University of Surrey, United Kingdom

IMT-1.10: SELF ATTENTION BASED SEMANTIC SEGMENTATION ON A NATURAL  ............................................. 2798
DISASTER DATASET
Tashnim Chowdhury, Maryam Rahnemoonfar, University of Maryland Baltimore County, United States

IMT-1.12: MOTIVATING BILEVEL APPROACHES TO FILTER LEARNING: A CASE  .............................................. 2803
STUDY
Caroline Crockett, Jeffrey A. Fessler, University of Michigan, United States

IMT-CIF-1: COMPUTATIONAL IMAGING I

IMT-CIF-1.1: RESOLUTION IMPROVEMENT IN FZA LENS-LESS CAMERA BY  ..................................................... 2808
SYNTHESIZING IMAGES CAPTURED WITH DIFFERENT MASK-SENSOR DISTANCES
Xiao Chen, Tokyo Institute of Technology, Japan; Tomoya Nakamura, Osaka University, Japan; Xiuxi Pan, Tokyo Institute of 
Technology, Japan; Kazuyuki Tajima, Keita Yamaguchi, Takeshi Shimano, Hitachi, Ltd., Japan; Masahiro Yamaguchi, Tokyo 
Institute of Technology, Japan

IMT-CIF-1.2: PERCEPTION INSPIRED DEEP NEURAL NETWORKS FOR SPECTRAL  .......................................... 2813
SNAPSHOT COMPRESSIVE IMAGING
Ziyi Meng, Beijing University of Posts and Telecommunications, China; Xin Yuan, Nokia Bell Lab, United States

IMT-CIF-1.3: DATA-DRIVEN ILLUMINATION PATTERNS FOR CODED DIFFRACTION  ...................................... 2818
IMAGING
Zikui Cai, Rakib Hyder, M. Salman Asif, University of California, Riverside, United States

IMT-CIF-1.4: COMPRESSIVE COVARIANCE MATRIX ESTIMATION FROM A  ........................................................ 2823
DUAL-DISPERSIVE CODED APERTURE SPECTRAL IMAGER
Jonathan Monsalve, Miguel Marquez, Universidad Industrial de Santander, Colombia; Iñaki Esnaola, University of Sheffield, 
United Kingdom; Henry Arguello Fuentes, Universidad Industrial de Santander, Colombia

IMT-CIF-1.6: POISSON PHASE RETRIEVAL WITH WIRTINGER FLOW ..................................................................... 2828
Zongyu Li, University of Michigan, United States; Kenneth Lange, University of California, Los Angeles, United States; Jeffrey A. 
Fessler, University of Michigan, United States

IMT-CIF-1.7: LOW-RANK TENSOR REGRESSION FOR X-RAY TOMOGRAPHY ...................................................... 2833
Sanket R. Jantre, Michigan State University, United States; Zichao Wendy Di, Argonne National Lab, United States

IMT-CIF-1.8: ROBUST CAMERA POSE ESTIMATION FOR IMAGE STITCHING ...................................................... 2838
Laixi Shi, Carnegie Mellon University, United States; Dehong Liu, Jay Thornton, Mitsubishi Electric Research Laboratories, 
United States

IMT-CIF-1.9: BEYOND FLOPS IN LOW-RANK COMPRESSION OF NEURAL  ........................................................... 2843
NETWORKS: OPTIMIZING DEVICE-SPECIFIC INFERENCE RUNTIME
Yerlan Idelbayev, Miguel Á. Carreira-Perpiñán, University of California, Merced, United States



lxviii

IMT-CIF-1.10: UAV REMOTE SENSING IMAGE DEHAZING BASED ON SALIENCY  .............................................. 2848
GUIDED TWO-SCALE TRANSMISSION CORRECTION
Kemeng Zhang, Ruohui Zheng, Sijia Ma, Libao Zhang, Beijing Normal University, China

IMT-CIF-1.11: SOLVING FOURIER PHASE RETRIEVAL WITH A REFERENCE IMAGE  ........................................ 2853
AS A SEQUENCE OF LINEAR INVERSE PROBLEMS
Fahimeh Arab, M. Salman Asif, University of California, Riverside, United States

IMT-CIF-1.12: EDGE-RESOLVED TRANSIENT IMAGING: PERFORMANCE ANALYSES,  ..................................... 2858
OPTIMIZATIONS, AND SIMULATIONS
Charles Saunders, William Krska, Boston University, United States; Julián Tachella, University of Edinburgh, United Kingdom; 
Sheila Seidel, Boston University, United States; Joshua Rapp, Stanford University, United States; John Murray-Bruce, University 
of South Florida, United States; Yoann Altmann, Stephen McLaughlin, Heriot-Watt University, United Kingdom; Vivek Goyal, 
Boston University, United States

IMT-CIF-2: COMPUTATION IMAGING II

IMT-CIF-2.1: HIERARCHICAL AND MULTI-LEVEL COST AGGREGATION FOR  ................................................... 2863
STEREO MATCHING
Wei Guo, Ziyu Zhu, Fukun Xia, Jiarui Sun, Yong Zhao, Peking University, China

IMT-CIF-2.2: PLUG-AND-PLAY IMAGE RECONSTRUCTION MEETS STOCHASTIC  ............................................. 2868
VARIANCE-REDUCED GRADIENT METHODS
Vincent Monardo, Abhiram Iyer, Carnegie Mellon University, United States; Sean Donegan, Air Force Research Lab, United 
States; Marc De Graef, Yuejie Chi, Carnegie Mellon University, United States

IMT-CIF-2.3: UNDERSTANDING VQA FOR NEGATIVE ANSWERS THROUGH VISUAL  ........................................ 2873
AND LINGUISTIC INFERENCE
Seungjun Jung, Junyoung Byun, Kyujin Shim, Korea Advanced Institute of Science and Technology, Republic of Korea; 
Sanghyun Hwang, Agency for Defense Development, Republic of Korea; Changick Kim, Korea Advanced Institute of Science and 
Technology, Republic of Korea

IMT-CIF-2.4: MARGIN LOSS BASED ON ADAPTIVE METRIC FOR IMAGE  ............................................................. 2878
RECOGNITION
Zhihong Liu, Lei Song, Xiaowan Hu, Haoqian Wang, Tsinghua Shenzhen International Graduate School, China

IMT-CIF-2.5: CHOOSE SETTINGS CAREFULLY: COMPARING ACTION UNIT  ....................................................... 2883
DETECTION AT DIFFERENT SETTINGS USING A LARGE-SCALE DATASET
Mina Bishay, Ahmed Ghoneim, Mohamed Ashraf, Mohammad Mavadati, Affectiva, United States

IMT-CIF-2.6: DEEP HIGH DYNAMIC RANGE IMAGING USING DIFFERENTLY  ..................................................... 2888
EXPOSED STEREO IMAGES
Shashaank Aswatha Mattur, Mohamed-Chaker Larabi, University of Poitiers, France

IMT-CIF-2.8: TWO HEADED DRAGONS: MULTIMODAL FUSION AND CROSS MODAL  ....................................... 2893
TRANSACTIONS
Rupak Bose, Shivam Pande, Biplab Banerjee, Indian Institute of Technology Bombay, India

IMT-CIF-2.9: MULTI-ILLUMINATION FUSION WITH CRACK ENHANCEMENT  .................................................... 2898
USING CYCLE-CONSISTENT LOSSES
Milind G. Padalkar, Carlos Beltran-Gonzalez, Alessio Del Bue, Istituto Italiano di Tecnologia, Italy

IMT-CIF-2.10: DEEP-FUSION: AN END-TO-END APPROACH FOR COMPRESSIVE ................................................ 2903
SPECTRAL IMAGE FUSION
Roman Jacome, Jorge Bacca, Henry Arguello, Univesridad Industrial de Santander, Colombia



lxix

IMT-CIF-2.11: LIGHTS: LIGHT SPECULARITY DATASET FOR SPECULAR  ............................................................. 2908
DETECTION IN MULTI-VIEW
Mohamed Dahy Elkhouly, Istituto Italiano di Tecnologia, Universit`a degli studi di Genova, Italy; Theodore Tsesmelis, Alessio 
Del Bue, Stuart James, Istituto Italiano di Tecnologia, Italy

CIS-1: COMPUTATIONAL IMAGING SYSTEMS

CIS-1.1: ACCOUNTING FOR INTER-SUBJECT VARIATIONS IN DEEP LEARNING FOR  ....................................... 2913
REDUCED-DOSE STUDIES IN CARDIAC SPECT
Junchi Liu, Yongyi Yang, Miles N. Wernick, Illinois Institute of Technology, United States; P. Hendrik Pretorius, Michael A. King, 
University of Massachusetts Medical School, United States

CIS-1.2: SKINSCAN: LOW-COST 3D-SCANNING FOR DERMATOLOGIC DIAGNOSIS  .......................................... 2918
AND DOCUMENTATION
Merlin Nau, Florian Schiffers, Yunhao Li, Bingjie Xu, Northwestern University, United States; Andreas Maier, Friedrich-
Alexander University Erlangen-Nürnberg (FAU), Germany; Jack Tumblin, Marc Walton, Aggelos K. Katsaggelos, Florian 
Willomitzer, Oliver Cossairt, Northwestern University, United States

CIS-1.3: INTERACTIVE PORTRAIT BOKEH RENDERING SYSTEM............................................................................ 2923
Juewen Peng, Xianrui Luo, Ke Xian, Zhiguo Cao, Huazhong University of Science and Technology, China

CIS-1.4: GHOST-FREE HDR IMAGING VIA UNROLLING LOW-RANK MATRIX  ..................................................... 2928
COMPLETION
Truong Thanh Nhat Mai, Dongguk University, Republic of Korea; Edmund Y. Lam, University of Hong Kong, Hong Kong SAR of 
China; Chul Lee, Dongguk University, Republic of Korea

CIS-1.5: FS-NET: FILTER SELECTION NETWORK FOR HYPERSPECTRAL  ............................................................ 2933
RECONSTRUCTION
Liutao Yang, Zhongnian Li, Zongxiang Pei, Daoqiang Zhang, Nanjing University of Aeronautics and Astronautics, China

CIS-1.6: COMPUTATIONAL SPECTRAL IMAGING WITH DIFFRACTIVE LENSES AND  ....................................... 2938
SPECTRAL FILTER ARRAYS
Utku Gundogan, Figen S. Oktem, Middle East Technical University, Turkey

CIS-1.7: A REGULARIZED APPROACH FOR RESPIRATORY MOTION ESTIMATION  ........................................... 2943
FROM SHORT-TIME PROJECTION DATA FRAMES IN EMISSION TOMOGRAPHY
Andoni I. Garmendia, Yongyi Yang, Chao Song, Miles N. Wernick, Illinois Institute of Technology, Spain; P. Hendrik Pretorius, 
Michael A. King, University of Massachusetts Medical School, United States

CIS-1.8: CAD-BASED SCATTER COMPENSATION FOR POLYCHROMATIC  ............................................................ 2948
RECONSTRUCTION OF ADDITIVE MANUFACTURED PARTS
Domenico Iuso, Ehsan Nazemi, Nathanaël Six, Björn De Samber, Jan De Beenhouwer, Jan Sijbers, University of Antwerpen, 
Belgium

CIS-1.9: MAN-RECON: MANIFOLD LEARNING FOR RECONSTRUCTION WITH  .................................................. 2953
DEEP AUTOENCODER FOR SMART SEISMIC INTERPRETATION
Ahmad Mustafa, Ghassan AlRegib, Georgia Institute of Technology, United States

CIS-1.10: MUIQA: IMAGE QUALITY ASSESSMENT DATABASE AND ALGORITHM FOR  .................................... 2958
MEDICAL ULTRASOUND IMAGES
Qi Chen, Xiongkuo Min, Huiyu Duan, Yucheng Zhu, Guangtao Zhai, Shanghai Jiao Tong University, China

CIS-1.11: AUGMENTING 3D ULTRASOUND STRAIN ELASTOGRAPHY BY  .............................................................. 2963
COMBINING BAYESIAN INFERENCE WITH LOCAL POLYNOMIAL FITTING IN REGION-
GROWING-BASED MOTION TRACKING
Shuojie Wen, Bo Peng, Southwest Petroleum University, China; Hao Jiang, Junkai Cao, Southwestern Petroleum University, 
China; Jingfeng Jiang, Michigan Technological University, United States



lxx

CIS-1.12: IMPROVING ACQUISITION SPEED OF X-RAY PTYCHOGRAPHY  ............................................................ 2968
THROUGH SPATIAL UNDERSAMPLING AND REGULARIZATION
Prasan Shedligeri, Indian Institute of Technology Madras, India; Florian Schiffers, Semih Barutcu, Northwestern University, 
United States; Pablo Ruiz, Origen.AI, United States; Aggelos K. Katsaggelos, Oliver Cossairt, Northwestern University, United 
States

IFS-1: BIOMETRICS

IFS-1.1: FACE AGGREGATION NETWORK FOR VIDEO FACE RECOGNITION ....................................................... 2973
Stefan Hörmann, Zhenxiang Cao, Martin Knoche, Fabian Herzog, Gerhard Rigoll, Technical University of Munich, Germany

IFS-1.2: ATTENTION-BASED PARTIAL FACE RECOGNITION ...................................................................................... 2978
Stefan Hörmann, Zeyuan Zhang, Martin Knoche, Torben Teepe, Gerhard Rigoll, Technical University of Munich, Germany

IFS-1.3: A HETEROGENEOUS FACE RECOGNITION VIA PART ADAPTIVE AND  ................................................... 2983
RELATION ATTENTION MODULE
Rushuang Xu, MyeongAh Cho, Sangyoun Lee, Yonsei University, Republic of Korea

IFS-1.4: FACIAL EXPRESSIONS AS A VULNERABILITY IN FACE RECOGNITION .................................................. 2988
Alejandro Peña, Aythami Morales, Ignacio Serna, Julian Fierrez, Universidad Autónoma de Madrid, Spain; Àgata Lapedriza, 
Universitat Oberta de Catalunya, Spain

IFS-1.5: WEAKLY SUPERVISED FINGERPRINT PORE EXTRACTION WITH  .......................................................... 2993
CONVOLUTIONAL NEURAL NETWORK
Rongxiao Tang, Shuang Sun, Tsinghua Shenzhen International Graduate School, China; Feng Liu, Shenzhen University, China; 
Zhenhua Guo, Tsinghua Shenzhen International Graduate School, China

IFS-1.6: MULTI-SCALE TEMPORAL INFORMATION EXTRACTOR FOR GAIT  ...................................................... 2998
RECOGNITION
Beibei Lin, Shunli Zhang, Yu Liu, Shengdi Qin, Beijing Jiaotong University, China

IFS-1.7: MULTIMODAL GAIT RECOGNITION UNDER MISSING MODALITIES ...................................................... 3003
Rubén Delgado-Escaño, Francisco M. Castro, Nicolás Guil, University of Málaga, Spain; Vicky Kalogeiton, Institut 
Polytechnique de Paris, France; Manuel J. Marín-Jiménez, University of Córdoba, Spain

IFS-1.8: SECURITY ASSESSMENT OF SELECTIVELY ENCRYPTED VISUAL DATA:  .............................................. 3008
IRIS RECOGNITION ON PROTECTED SAMPLES
Martin Rieger, Jutta Hämmerle-Uhl, Andreas Uhl, University of Salzburg, Austria

IFS-1.9: IMAGE-LEVEL IRIS MORPH ATTACK ................................................................................................................. 3013
Renu Sharma, Arun Ross, Michigan State University, United States

IFS-1.10: HIGH FIDELITY FINGERPRINT GENERATION: QUALITY, UNIQUENESS,  ............................................ 3018
AND PRIVACY
Keivan Bahmani, Richard Plesh, Peter Johnson, Clarkson University, United States; Timothy Swyka, Precise Biometrics, United 
States; Stephanie Schuckers, Clarkson University, United States

IFS-2: INFORMATION FORENSICS AND SECURITY

IFS-2.1: IDENTIFYING PHYSICALLY REALIZABLE TRIGGERS FOR BACKDOORED  ......................................... 3023
FACE RECOGNITION NETWORKS
Ankita Raj, Indian Institute of Technology Delhi, India; Ambar Pal, Johns Hopkins University, India; Chetan Arora, Indian 
Institute of Technology Delhi, India

IFS-2.2: CMID : A NEW DATASET FOR COPY-MOVE FORGERIES ON ID  ................................................................. 3028
DOCUMENTS
Gaël Mahfoudi, University of Technology of Troyes, France; Frédéric Morain-Nicolier, University of Reims Champagne-Ardenne, 
France; Florent Retraint, University of Technology of Troyes, France; Marc Pic, SURYS, France



lxxi

IFS-2.3: CNN-BASED VIDEO CODEC CLASSIFIER FOR MULTIMEDIA FORENSICS .............................................. 3033
Rodrigo Pessoa, Anil Kokaram, Francois Pitie, Trinity College Dublin, Ireland; Mark Sugrue, Kinesense Limited (Ireland), 
Ireland

IFS-2.4: OPEN-SET SOURCE ATTRIBUTION FOR PANCHROMATIC SATELLITE  .................................................. 3038
IMAGERY
Edoardo Daniele Cannas, Politecnico di Milano, Italy; Sriram Baireddy, Emily Bartusiak, Sri Kalyan Yarlagadda, Daniel Mas 
Montserrat, Purdue University, United States; Paolo Bestagini, Stefano Tubaro, Politecnico di Milano, Italy; Edward Delp, 
Purdue University, United States

IFS-2.5: IDENTIFICATION OF IN-FIELD SENSOR DEFECTS IN THE CONTEXT OF  .............................................. 3043
IMAGE AGE APPROXIMATION
Robert Jöchl, Andreas Uhl, University of Salzburg, Austria

IFS-2.6: ROBUST DECISION-BASED BLACK-BOX ADVERSARIAL ATTACK VIA  ................................................... 3048
COARSE-TO-FINE RANDOM SEARCH
Byeong Cheon Kim, Youngjoon Yu, Yong Man Ro, Korea Advanced Institute of Science and Technology, Republic of Korea

IFS-2.8: ACTION SEGMENTATION ON REPRESENTATIONS OF SKELETON  .......................................................... 3053
SEQUENCES USING TRANSFORMER NETWORKS
Simon Häring, Raphael Memmesheimer, Dietrich Paulus, University of Koblenz-Landau, Germany

IFS-2.9: END-TO-END PAIRWISE HUMAN PROXEMICS FROM UNCALIBRATED  ................................................. 3058
SINGLE IMAGES
Pietro Morerio, Matteo Bustreo, Yiming Wang, Alessio del Bue, Istituto Italiano di Tecnologia, Italy

IFS-2.10: PERSISTENT WATERMARK FOR IMAGE CLASSIFICATION NEURAL  .................................................... 3063
NETWORKS BY PENETRATING THE AUTOENCODER
Fang-Qi Li, Shi-Lin Wang, Shanghai Jiao Tong University, China

IFS-2.11: HOMOMORPHIC TWO TIER REVERSIBLE DATA HIDING IN ENCRYPTED  .......................................... 3068
3D OBJECTS
Bianca Jansen van Rensburg, Pauline Puteaux, William Puech, Université de Montpellier, France; Jean-Pierre Pedeboy, 
Stratégies, France

IFS-2.12: ON THE REVERSIBILITY OF ADVERSARIAL ATTACKS ............................................................................... 3073
Chau Yi Li, Ricardo Sánchez-Matilla, Ali Shahin Shamsabadi, Riccardo Mazzon, Andrea Cavallaro, Queen Mary University of 
London, United Kingdom

3D-1: POINT CLOUD PROCESSING I

3D-1.1: ADAE: ADVERSARIAL DISTRIBUTED SOURCE AUTOENCODER FOR POINT  ......................................... 3078
CLOUD COMPRESSION
Simone Milani, University of Padova, Italy

3D-1.2: CYLINDRICAL COORDINATES FOR LIDAR POINT CLOUD COMPRESSION ............................................ 3083
Shashank Nelamangala Sridhara, Eduardo Pavez, Antonio Ortega, University of Southern California, United States

3D-1.3: STRAIGHT SAMPLING NETWORK FOR POINT CLOUD LEARNING ........................................................... 3088
Ran Sun, Gaojie Chen, Jie Ma, Pei An, Huazhong University of Science and Technology, China

3D-1.4: ATTENTION-BASED LOCAL REGION AGGREGATION NETWORK FOR  ................................................... 3093
HIERARCHICAL POINT CLOUD LEARNING
Gaojie Chen, Ran Sun, Jie Ma, Bingli Wu, Huazhong University of Science and Technology, China

3D-1.6: TD-NET: TOPOLOGY DESTRUCTION NETWORK FOR GENERATING  ....................................................... 3098
ADVERSARIAL POINT CLOUD
Jingyu Zhang, Chunhua Jiang, Xupeng Wang, Mumuxin Cai, University of Electronic Science and Technology of China, China



lxxii

3D-1.7: POINTVIEW-GCN: 3D SHAPE CLASSIFICATION WITH MULTI-VIEW POINT  .......................................... 3103
CLOUDS
Seyed Saber Mohammadi, Universita degli Studi di Genova, Istituto Italino di Tecnologia, Italy; Yiming Wang, Istituto Italino di 
Tecnologia, Deep Visual Learning (DVL), Italy; Alessio Del Bue, Istituto Italino di Tecnologia, Italy

3D-1.8: RGB-D FUSION FOR POINT-CLOUD-BASED 3D HUMAN POSE ESTIMATION ........................................... 3108
Jiaming Ying, Xu Zhao, Shanghai Jiao Tong University, China

3D-1.9: SPCR: SEMI-SUPERVISED POINT CLOUD INSTANCE SEGMENTATION .................................................... 3113
WITH PERTURBATION CONSISTENCY REGULARIZATION
Yongbin Liao, Fudan University, China; Hongyuan Zhu, Agency for Science, Technology and Research (A*STAR), Singapore; Tao 
Chen, Jiayuan Fan, Fudan University, China

3D-1.10: TOWARD UNSUPERVISED 3D POINT CLOUD ANOMALY DETECTION  .....................................................3118
USING VARIATIONAL AUTOENCODER
Mana Masuda, Ryo Hachiuma, Ryo Fujii, Hideo Saito, Keio University, Japan; Yusuke Sekikawa, Denso IT Laboratory, Japan

3D-1.11: 3D POINT CLOUD COMPLETION USING STACKED AUTO-ENCODER FOR  .............................................3123
STRUCTURE PRESERVATION
Seema Kumari, Shanmuganathan Raman, Indian Institute of Technology Gandhinagar, India

3D-1.12: D3DLO: DEEP 3D LIDAR ODOMETRY ................................................................................................................. 3128
Philipp Adis, Nicolas Horst, Mathias Wien, RWTH Aachen University, Germany

3D-2: POINT CLOUD PROCESSING II

3D-2.1: VIDEO-BASED DYNAMIC MESH CODING ........................................................................................................... 3133
Danillo Graziosi, Sony Corporation of America, United States

3D-2.2: MESH CLASSIFICATION WITH DILATED MESH CONVOLUTIONS ............................................................. 3138
Vinit Veerendraveer Singh, Shivanand Venkanna Sheshappanavar, Chandra Kambhamettu, University of Delaware, United States

3D-2.3: MULTISTREAM VALIDNET: IMPROVING 6D OBJECT POSE ESTIMATION  .............................................. 3143
BY AUTOMATIC MULTISTREAM VALIDATION
Joy Mazumder, Mohsen Zand, Michael Greenspan, Queen’s University, Canada

3D-2.4: PLNL-3DSSD: PART-AWARE 3D SINGLE STAGE DETECTOR USING LOCAL  ............................................ 3148
AND NON-LOCAL ATTENTION
Haizhuang Liu, Huimin Ma, Yanxian Chen, University of Science and Technology Beijing, China; Xi Li, Tsinghua University, 
China; Tianyu Hu, University of Science and Technology Beijing, China

3D-2.5: LINKED ATTENTION-BASED DYNAMIC GRAPH CONVOLUTION MODULE  ........................................... 3153
FOR POINT CLOUD CLASSIFICATION
Xiao-Long Lu, Bao-Di Liu, Wei-Feng Liu, Kai Zhang, China University of Petroleum (East China), China; Ye Li, Qilu University 
of Technology (Shandong Academy of Sciences), China; Xiaoping Lu, Haier Industrial Intelligence Institute Co., Ltd, China

3D-2.6: STRUCTURAL FEATURES IN FEATURE SPACE FOR STRUCTURE-AWARE  .............................................. 3158
GRAPH CONVOLUTION
Yang Li, Yuichi Tanaka, Tokyo University of Agriculture and Technology, Japan

3D-2.7: M3VSNET: UNSUPERVISED MULTI-METRIC MULTI-VIEW STEREO  ......................................................... 3163
NETWORK
Baichuan Huang, Wuhan University, China; Hongwei Yi, Peking University, China; Can Huang, Yijia He, Megvii Technology 
Limited, China; Jingbin Liu, Wuhan University, China; Xiao Liu, Megvii Technology Limited, China

3D-2.8: HUMAN MOTION ENHANCEMENT VIA TOBIT PARTICLE FILTERING AND  ........................................... 3168
DIFFERENTIAL EVOLUTION
Le Zhou, Nate Lannan, Guoliang Fan, Oklahoma State University, United States



lxxiii

3D-2.9: SPHERERPN: LEARNING SPHERES FOR HIGH-QUALITY REGION  ........................................................... 3173
PROPOSALS ON 3D POINT CLOUDS OBJECT DETECTION
Thang Vu, Kookhoi Kim, Haeyong Kang, Xuan Thanh Nguyen, Tung M. Luu, Chang D. Yoo, Korea Advanced Institute of Science 
and Technology, Republic of Korea

3D-2.10: A METRIC FOR EVALUATING 3D RECONSTRUCTION AND MAPPING  .................................................... 3178
PERFORMANCE WITH NO GROUND TRUTHING
Guoxiang Zhang, YangQuan Chen, University of California, Merced, United States

3D-2.11: SEMI-SUPERVISED 3D OBJECT DETECTION VIA ADAPTIVE  ..................................................................... 3183
PSEUDO-LABELING
Hongyi Xu, Fengqi Liu, Qianyu Zhou, Shanghai Jiao Tong University, China; Jinkun Hao, East China University of Science and 
Technology, China; Zhijie Cao, Zhengyang Feng, Lizhuang Ma, Shanghai Jiao Tong University, China

3D-2.12: FACE MODELS: HOW GOOD DOES MY DATA NEED TO BE? ....................................................................... 3188
Jiahao Luo, Fahim Khan, Issei Mori, Akila de Silva, Eric Ruezga, James Davis, University of California, Santa Cruz, United 
States

3D-3: STEREOSCOPIC AND MULTIVIEW PROCESSING

3D-3.1: PARALLAX CONTEXTUAL REPRESENTATIONS FOR STEREO MATCHING ............................................. 3193
Hui Deng, Qingmin Liao, Zongqing Lu, Tsinghua University, China; Jing-Hao Xue, University College London, United Kingdom

3D-3.2: LEVEL SET STEREO FOR COOPERATIVE GROUPING WITH OCCLUSION............................................... 3198
Jialiang Wang, Todd Zickler, Harvard University, United States

3D-3.3: SCV-STEREO: LEARNING STEREO MATCHING FROM A SPARSE COST  .................................................. 3203
VOLUME
Hengli Wang, Hong Kong Unviersity of Science and Technology, Hong Kong SAR of China; Rui Fan, Tongji University, China; 
Ming Liu, Hong Kong Unviersity of Science and Technology, Hong Kong SAR of China

3D-3.4: SEPARABLE CONVOLUTIONS FOR OPTIMIZING 3D STEREO NETWORKS ............................................. 3208
Rafia Rahim, Faranak Shamsafar, Andreas Zell, University of Tuebingen, Germany

3D-3.5: STAD: STABLE VIDEO DEPTH ESTIMATION ...................................................................................................... 3213
Hyunmin Lee, Jaesik Park, Pohang University of Science and Technology, Republic of Korea

3D-3.6: ATTENTION-BASED SELF-SUPERVISED LEARNING MONOCULAR DEPTH  ............................................ 3218
ESTIMATION WITH EDGE REFINEMENT
Chenweinan Jiang, Haichun Liu, Key Laboratory of Navigation and Location Based Services, Shanghai Jiao Tong University, 
China; Lanzhen Li, Shanghai West Hongqiao Navigation Technology CO.,LTD., China; Changchun Pan, Key Laboratory of 
Navigation and Location Based Services, Shanghai Jiao Tong University, China

3D-3.7: WELSCH BASED MULTIVIEW DISPARITY ESTIMATION ................................................................................ 3223
James Gray, Aous Naman, David Taubman, University of New South Wales, Australia

3D-3.8: 3D MULTI-OBJECT ONLINE TRACKING WITH MULTI-VIEW CLUSTERING ............................................ N/A
Guanglie Jia, Jianjiang Feng, Jie Zhou, Tsinghua University, China

3D-3.9: POSERN: A 2D POSE REFINEMENT NETWORK FOR BIAS-FREE  ................................................................ 3233
MULTI-VIEW 3D HUMAN POSE ESTIMATION
Akihiko Sayo, Diego Thomas, Hiroshi Kawasaki, Kyushu University, Japan; Yuta Nakashima, Osaka University, Japan; Katsushi 
Ikeuchi, Microsoft, United States

3D-3.10: HUMAN CARVING: A PARSING-BASED FRAMEWORK FOR 3D HUMAN  ................................................. 3238
RECONSTRUCTION
Baoxing Li, Xu Zhao, Shanghai Jiao Tong University, China



lxxiv

3D-3.11: MONOCULAR 3D HUMAN POSE ESTIMATION BY MULTIPLE HYPOTHESIS  ........................................ 3243
PREDICTION AND JOINT ANGLE SUPERVISION
Aditya Panda, Dipti Prasad Mukherjee, Indian Statistical Institute, India

3D-3.12: USING FISHEYE CAMERA FOR COST-EFFECTIVE MULTI-VIEW PEOPLE  ............................................ 3248
LOCALIZATION
Yueh-Cheng Huang, Chin-Wei Liu, Jen-Hui Chuang, National Chiao Tung University, Taiwan

3D-4: 3D IMAGE AND VIDEO PROCESSING

3D-4.1: FACTORIZED MODULATION FOR SINGLE-SHOT LIGHT-FIELD  ................................................................ 3253
ACQUISITION
Kohei Tateishi, Kohei Sakai, Chihiro Tsutake, Keita Takahashi, Toshiaki Fujii, Nagoya University, Japan

3D-4.2: FAST AND EFFICIENT MICROLENS-BASED MOTION SEARCH FOR  ......................................................... 3258
PLENOPTIC VIDEO CODING
Thuc Nguyen Huu, Vinh Van Duong, Byeungwoo Jeon, Sungkyunkwan University, Republic of Korea

3D-4.3: SELF-SUPERVISED DEPTH COMPLETION VIA ADAPTIVE SAMPLING AND  ........................................... 3263
RELATIVE CONSISTENCY
Zidong Cao, Ang Li, Zejian Yuan, Xi’an Jiaotong University, China

3D-4.4: PIECEWISE BÉZIER SPACE: RECOVERING 3D DYNAMIC MOTION FROM  ............................................ 3268
VIDEO
Antonio Agudo, Institut de Robòtica i Informàtica Industrial, CSIC-UPC, Spain

3D-4.5: 3D RECONSTRUCTION BY PARAMETERIZED SURFACE MAPPING ........................................................... 3273
Pierre-Alain Langlois, Ecole des Ponts ParisTech, France; Matthew Fisher, Oliver Wang, Vladimir Kim, Adobe Research, United 
States; Alexandre Boulch, valeo.ai, France; Renaud Marlet, Ecole des Ponts ParisTech, France; Bryan Russell, Adobe Research, 
United States

3D-4.6: A REGION-BASED DESCRIPTOR NETWORK FOR UNIFORMLY SAMPLED  .............................................. 3278
KEYPOINTS
Kai Lv, Zongqing Lu, Qingmin Liao, Tsinghua University, China

3D-4.7: CLUSAC: CLUSTERING SAMPLE CONSENSUS FOR FUNDAMENTAL MATRIX  ...................................... 3283
ESTIMATION
Xuanyu Xiao, Zongqing Lu, Tsinghua University, China; Jing-Hao Xue, University College London, United Kingdom

3D-4.8: REAL-TIME 3D HAND-OBJECT POSE ESTIMATION FOR MOBILE DEVICES ........................................... 3288
Yue Yin, Chris McCarthy, Dana Rezazadegan, Swinburne University of Technology, Australia

3D-4.9: REAL-TIME 3D FACE RECONSTRUCTION FROM SINGLE IMAGE USING  ............................................... 3293
END-TO-END CNN REGRESSION
Shan Wang, Xukun Shen, Kun Yu, Beihang University, China

3D-4.10: LEARNING TO COMPOSE 6-DOF OMNIDIRECTIONAL VIDEOS USING  .................................................. 3298
MULTI-SPHERE IMAGES
Jisheng Li, Yuze He, Yubin Hu, Tsinghua University, China; Yuxing Han, Research Institute of Tsinghua University in Shenzhen, 
China; Jiangtao Wen, Tsinghua University, China

3D-4.11: MESH COMPLETION WITH VIRTUAL SCANS .................................................................................................. 3303
Kunyao Chen, Fei Yin, Baichuan Wu, Bang Du, Truong Nguyen, University of California, San Diego, United States

3D-4.12: RETHINKING TRAINING OBJECTIVE FOR SELF-SUPERVISED  ................................................................ 3308
MONOCULAR DEPTH ESTIMATION: SEMANTIC CUES TO RESCUE
Keyao Li, Ge Li, Peking University Shenzhen Graduate School, China; Thomas Li, Peking University, China



lxxv

SS-AVV: SPECIAL SESSION: AUTONOMOUS VEHICLE VISION

SS-AVV.1: POLYNOMIAL TRAJECTORY PREDICTIONS FOR IMPROVED LEARNING  ........................................ 3313
PERFORMANCE
Ido Freeman, Kun Zhao, Aptiv Services Deutschland GmbH, Germany; Anton Kummert, University of Wuppertal, Germany

SS-AVV.2: REINFORCED CURRICULUM LEARNING FOR AUTONOMOUS DRIVING  ........................................... 3318
IN CARLA
Luca Anzalone, Università di Bologna, Italy; Silvio Barra, Università degli Studi di Napoli Federico II, Italy; Michele Nappi, 
Università degli Studi di Salerno, Italy

SS-AVV.3: MULTISCALE DOMAIN ADAPTIVE YOLO FOR CROSS-DOMAIN OBJECT  .......................................... 3323
DETECTION
Mazin Hnewa, Hayder Radha, Michigan State University, United States

SS-AVV.4: CO-TEACHING: AN ARK TO UNSUPERVISED STEREO MATCHING ....................................................... 3328
Hengli Wang, Hong Kong Unviersity of Science and Technology, Hong Kong SAR of China; Rui Fan, Tongji University, China; 
Ming Liu, Hong Kong Unviersity of Science and Technology, Hong Kong SAR of China

SS-AVV.5: LIGHT-WEIGHT MIXED STAGE PARTIAL NETWORK FOR ...................................................................... 3333
SURVEILLANCE OBJECT DETECTION WITH BACKGROUND DATA AUGMENTATION
Ping-Yang Chen, Jun-Wei Hsieh, National Yang Ming Chiao Tung University, Taiwan; Munkhjargal Gochoo, United Arab 
Emirates University, United Arab Emirates; Yong-Sheng Chen, National Yang Ming Chiao Tung University, Taiwan

SS-AVV.6: MULTIMODAL POLARIMETRIC AND COLOR FUSION FOR ROAD SCENE  ......................................... 3338
ANALYSIS IN ADVERSE WEATHER CONDITIONS
Rachel Blin, Samia Ainouz, Stéphane Canu, LITIS Laboratory, France; Fabrice Meriaudeau, ImViA, France

SS-AVV.7: DEPTH ESTIMATION FROM MONOCULAR IMAGES AND SPARSE RADAR  ........................................ 3343
USING DEEP ORDINAL REGRESSION NETWORK
Chen-Chou Lo, Patrick Vandewalle, KU Leuven, Belgium

SS-AVV.8: ROBUST MONOCULAR 3D LANE DETECTION WITH DUAL ATTENTION ............................................ 3348
Yujie Jin, Xiangxuan Ren, Shanghai Jiao Tong University, China; Fengxiang Chen, Tongji University, China; Weidong Zhang, 
Shanghai Jiao Tong University, China

SS-AVV.9: LEARNING UNCERTAINTY FOR SAFETY-ORIENTED SEMANTIC  ......................................................... 3353
SEGMENTATION IN AUTONOMOUS DRIVING
Victor Besnier, valeo, France; David Picard, ENPC, France; Alexandre Briot, valeo, France

SS-AVV.10: ADVERSARIAL OPTIMIZATION SCHEME FOR ONLINE TRACKING  .................................................. 3358
MODEL ADAPTATION IN AUTONOMOUS SYSTEMS
Iason Karakostas, Vasileios Mygdalis, Ioannis Pitas, Aristotle University of Thessaloniki, Greece

SS-AVV.11: AN ATTENTION FUSION NETWORK FOR EVENT-BASED VEHICLE  .................................................... 3363
OBJECT DETECTION
Mengyun Liu, Na Qi, Yunhui Shi, Baocai Yin, Beijing University of Technology;, China

SS-3DPC: SPECIAL SESSION: CODING AND QUALITY ASSESSMENT OF 3D POINT CLOUDS

SS-3DPC.1: CMDM-VAC: IMPROVING A PERCEPTUAL QUALITY METRIC FOR 3D  ............................................ 3368
GRAPHICS BY INTEGRATING A VISUAL ATTENTION COMPLEXITY MEASURE
Yana Nehmé, Laboratoire d’InfoRmatique en Image et Systèmes d’information (LIRIS CNRS), France; Mona Abid, Laboratoire 
des Sciences du Numérique de Nantes (LS2N CNRS), France; Guillaume Lavoué, Laboratoire d’InfoRmatique en Image et 
Systèmes d’information (LIRIS CNRS), France; Matthieu Perreira Da Silva, Patrick Le Callet, Laboratoire des Sciences du 
Numérique de Nantes (LS2N CNRS), France



lxxvi

SS-3DPC.2: POINT CLOUD GEOMETRY COMPRESSION VIA NEURAL GRAPH  ..................................................... 3373
SAMPLING
Linyao Gao, Tingyu Fan, Shanghai Jiao Tong University, China; Jianqiang Wang, Nanjing University, China; Yiling Xu, Jun Sun, 
Shanghai Jiao Tong University, China; Zhan Ma, Nanjing University, China

SS-3DPC.3: ON BLOCK PREDICTION FOR LEARNING-BASED POINT CLOUD  ..................................................... 3378
COMPRESSION
Davi Lazzarotto, Evangelos Alexiou, Touradj Ebrahimi, École Polytechnique Fédérale de Lausanne (EPFL), Switzerland

SS-3DPC.4: MEMORY-FRIENDLY SEGMENTATION REFINEMENT FOR  .................................................................. 3383
VIDEO-BASED POINT CLOUD COMPRESSION
Ismael Seidel, Samsung R&D Institute Brazil, Brazil; Davi Freitas, Camilo Dorea, Diogo Garcia, Renan Ferreira, University of 
Brasilia, Brazil; Rogério Higa, Samsung R&D Institute Brazil, Brazil; Ricardo Queiroz, University of Brasilia, Brazil; Vanessa 
Testoni, Samsung R&D Institute Brazil, Brazil

SS-3DPC.5: BLOCK-BASED INTER-FRAME PREDICTION FOR DYNAMIC POINT  ................................................ 3388
CLOUD COMPRESSION
Cristiano Santos, Mateus Gonçalves, Guilherme Corrêa, Marcelo Porto, Federal University of Pelotas (UFPel), Brazil

SS-3DPC.6: MULTI-RESOLUTION INTRA-PREDICTIVE CODING OF 3D POINT  .................................................... 3393
CLOUD ATTRIBUTES
Eduardo Pavez, University of Southern California, United States; André L. Souto, Ricardo L. De Queiroz, Universidade de 
Brasilia, Brazil; Antonio Ortega, University of Southern California, United States

SS-MRII: SPECIAL SESSION: MODELS AND REPRESENTATIONS FOR IMMERSIVE 
IMAGING

SS-MRII.1: LIGHT-FIELD VIEW SYNTHESIS USING A CONVOLUTIONAL BLOCK  .............................................. 3398
ATTENTION MODULE
Muhammad Shahzeb Khan Gul, Fraunhofer Institute for Integrated Circuits IIS, Germany; Muhammad Umair Mukati, Technical 
University of Denmark, Denmark; Michel Batz, Fraunhofer Institute for Integrated Circuits IIS, Germany; Søren Forchhammer, 
Technical University of Denmark, Denmark; Joachim Keinert, Fraunhofer Institute for Integrated Circuits IIS, Germany

SS-MRII.2: COMPACT AND ADAPTIVE MULTIPLANE IMAGES FOR VIEW  ............................................................ 3403
SYNTHESIS
Julia Navarro, Neus Sabater, InterDigital, France

SS-MRII.3: REFINING THE BOUNDING VOLUMES FOR LOSSLESS  .......................................................................... 3408
COMPRESSION OF VOXELIZED POINT CLOUDS GEOMETRY
Emre Can Kaya, Tampere University, Finland; Sebastian Schwarz, Nokia Technologies, Germany; Ioan Tabus, Tampere 
University, Finland

SS-MRII.4: CONVOLUTIONAL NEURAL NETWORKS FOR OMNIDIRECTIONAL  ................................................. 3413
IMAGE QUALITY ASSESSMENT: PRE-TRAINED OR RE-TRAINED?
Abderrezzaq Sendjasni, Université de Poitiers and NTNU, France; Mohamed-Chaker Larabi, University of Poitiers, France; 
Faouzi Alaya Cheikh, Norwegian University of Science and Technology, Norway

SS-MRII.5: A HYBRID TWO-STREAM APPROACH FOR MULTI-PERSON ACTION  ................................................ 3418
RECOGNITION IN TOP-VIEW 360 DEGREE VIDEOS
Karen Stephen, Jianquan Liu, Vivek Barsopia, NEC Corporation, Japan

SS-MRII.6: A NEW CHALLENGE: BEHAVIOURAL ANALYSIS OF 6-DOF USER WHEN  ......................................... 3423
CONSUMING IMMERSIVE MEDIA
Silvia Rossi, University College London, United Kingdom; Irene Viola, Centrum Wiskunde & Informatica (CWI), Netherlands; 
Laura Toni, University College London, United Kingdom; Pablo Cesar, Centrum Wiskunde & Informatica (CWI), Netherlands

SS-MRII.7: SPATIO-TEMPORAL GRAPH-RNN FOR POINT CLOUD PREDICTION .................................................. 3428
Pedro Gomes, Silvia Rossi, Laura Toni, University College London, United Kingdom



lxxvii

SS-MRII.8: COMPUTATIONAL COHERENT IMAGING FOR  ......................................................................................... 3433
ACCOMMODATION-INVARIANT NEAR-EYE DISPLAYS
Jani Mäkinen, Erdem Sahin, Ugur Akpinar, Atanas Gotchev, Tampere University, Finland

SS-VC: SPECIAL SESSION: OPTIMIZATION TECHNIQUES FOR NEXT-GENERATION VIDEO 
CODING

SS-VC.1: KNOWLEDGE DISTILLATION FROM END-TO-END IMAGE  ...................................................................... 3438
COMPRESSION TO VVC INTRA CODING FOR PERCEPTUAL QUALITY ENHANCEMENT
Runyu Yang, Dong Liu, University of Science and Technology of China, China; Siwei Ma, Peking University, China; Feng Wu, 
University of Science and Technology of China, China; Wen Gao, Peng Cheng Laboratory, China

SS-VC.2: SEMI-DECOUPLED PARTITIONING FOR VIDEO CODING BEYOND AV1 ................................................ 3443
Liang Zhao, Xin Zhao, Shan Liu, Tencent, United States

SS-VC.3: GRADUAL DECODING REFRESH FOR VERSATILE VIDEO CODING ....................................................... 3448
Limin Wang, Seungwook Hong, Krit Panusopone, Nokia, United States

SS-CIMM: SPECIAL SESSION: COMPUTATIONAL IMAGING FOR MATERIALS AND 
MICROSCOPY

SS-CIMM.1: PHASE RETRIEVAL FROM 4-DIMENSIONAL ELECTRON DIFFRACTION  ....................................... 3453
DATASETS
Thomas Friedrich, Chu-Ping Yu, Johan Verbeek, Timothy Pennycook, Sandra Van Aert, University of Antwerp, Belgium

SS-CIMM.2: A DATA FUSION METHOD FOR THE DELAYERING OF X-RAY  ............................................................ 3458
FLUORESCENCE IMAGES OF PAINTED WORKS OF ART
Lionel D. Fiske, Aggelos K. Katsaggelos, Northwestern University, United States; Maurice C. G. Aalders, University of 
Amsterdam, Netherlands; Matthias Alfeld, T.U. Delft, Netherlands; Marc Walton, Oliver Cossairt, Northwestern University, 
United States

SS-CIMM.3: CRYO-ELECTRON MICROSCOPY IMAGE DENOISING USING  ........................................................... 3463
MULTI-FREQUENCY VECTOR DIFFUSION MAPS
Yifeng Fan, Zhizhen Zhao, University of Illinois at Urbana-Champaign, United States

SS-CIMM.4: SUPER-RESOLVED IMAGING OF EARLY-STAGE DYNAMICS IN THE  .............................................. 3468
IMMUNE RESPONSE
Yair Ben Sahel, Gilli Dardikman-Yoffe, Yonina Eldar, Shirsendu Gosh, Gilad Haran, Weizmann Institute of Science, Israel

SS-CIMM.5: STRATEGIES OF DEEP LEARNING FOR TOMOGRAPHIC  .................................................................... 3473
RECONSTRUCTION
Xiaogang Yang, Christian Schroer, Deutsches Elektronen-Synchrotron DESY, Germany

SS-CIMM.6: 3D AUTOENCODERS FOR FEATURE EXTRACTION IN X-RAY  ............................................................ 3477
TOMOGRAPHY
Aniket Tekawade, Zhengchun Liu, Peter Kenesei, Tekin Bicer, Francesco De Carlo, Rajkumar Kettimuthu, Ian Foster, Argonne 
National Laboratory, United States

SS-CIMM.7: HYPERSPECTRAL NEUTRON CT WITH MATERIAL DECOMPOSITION ........................................... 3482
Thilo Balke, Purdue University, United States; Alexander Makenzie Long, Sven Vogel, Brendt Wohlberg, Los Alamos National 
Laboratory, United States; Charles Bouman, Purdue University, United States

SS-CIMM.8: ROBUSTNESS OF TIME-RESOLVED MEASUREMENT TO UNKNOWN  .............................................. 3487
AND VARIABLE BEAM CURRENT IN PARTICLE BEAM MICROSCOPY
Luisa Watkins, Sheila Seidel, Minxu Peng, Boston University, United States; Akshay Agarwal, Massachusetts Institute of 
Technology, United States; Christopher Yu, Charles Stark Draper Laboratory, United States; Vivek Goyal, Boston University, 
United States



lxxviii

SS-CIMM.9: REDUCING STAIR ARTIFACTS IN CT RECONSTRUCTION ................................................................... 3492
Markus Wedekind, Technische Universität Braunschweig, Germany; Eric Oertel, GOM GmbH, Germany; Susana Castillo, 
Marcus Magnor, Technische Universität Braunschweig, Germany

SS-CIMM.10: JOINT ANOMALY DETECTION AND INPAINTING FOR MICROSCOPY  .......................................... 3497
IMAGES VIA DEEP SELF-SUPERVISED LEARNING
Ling Huang, Deruo Cheng, Nanyang Technological University, Singapore; Xulei Yang, Institute for Infocomm Research (I2R), the 
Agency for Science, Technology and Research (A*STAR), Singapore; Tong Lin, Yiqiong Shi, Kaiyi Yang, Bah Hwee Gwee, Bihan 
Wen, Nanyang Technological University, Singapore

SS-CIMM.11: COMPUTATIONAL IMAGING IN 3D X-RAY MICROSCOPY:  ................................................................ 3502
RECONSTRUCTION, IMAGE SEGMENTATION AND TIME-EVOLVED EXPERIMENTS
Sridhar Niverty, Hamid Torbatisarraf, Purdue University, United States; Viktor Nikitin, Vincent De Andrade, Advanced Photon 
Source, United States; Stanislau Niauzorau, Natalia Kublik, Bruno Azeredo, Arizona State University, United States; Aniket 
Tekawade, Francesco De Carlo, Advanced Photon Source, United States; Nikhilesh Chawla, Purdue University, United States

SS-NNC: SPECIAL SESSION: NEURAL NETWORK COMPRESSION AND COMPACT DEEP 
FEATURES

SS-NNC.1: FILTER PRUNING VIA SOFTMAX ATTENTION ............................................................................................ 3507
Sungmin Cho, Hyeseong Kim, Junseok Kwon, Chung-Ang University, Republic of Korea

SS-NNC.2: OPTIMIZATION-BASED NEURAL NETWORKS COMPRESSION ............................................................. 3512
Younes Tahiri, CEA List, France; Mohamed El Amine Seddik, Ecole Polytechnique, France; Mohamed Tamaazousti, CEA List, 
France

SS-NNC.3: ONLINE WEIGHT PRUNING VIA ADAPTIVE SPARSITY LOSS ................................................................. 3517
George Retsinas, Athena Elafrou, Georgios Goumas, Petros Maragos, National Technical University of Athens, Greece

SS-NNC.4: ENCODER OPTIMIZATIONS FOR THE NNR STANDARD ON NEURAL  ................................................. 3522
NETWORK COMPRESSION
Paul Haase, Daniel Becking, Heiner Kirchhoffer, Karsten Müller, Heiko Schwarz, Wojciech Samek, Detlev Marpe, Thomas 
Wiegand, Fraunhofer Heinrich-Hertz-Institute, Germany

SS-NNC.5: ON THE ROLE OF STRUCTURED PRUNING FOR NEURAL NETWORK  ............................................... 3527
COMPRESSION
Andrea Bragagnolo, Enzo Tartaglione, Attilio Fiandrotti, Marco Grangetto, University of Turin, Italy

SS-NNC.6: MIND THE STRUCTURE: ADOPTING STRUCTURAL INFORMATION  .................................................. 3532
FOR DEEP NEURAL NETWORK COMPRESSION
Homayun Afrabandpey, Nokia Technologies, Finland; Anton Muravev, Tampere University, Finland; Hamed R. Tavakoli, Honglei 
Zhang, Francesco Cricri, Nokia Technologies, Finland; Moncef Gabbouj, Tampere University, Finland; Emre Aksu, Nokia 
Technologies, Finland

SS-NNC.7: COMPRESSING DEEP CNNS USING BASIS REPRESENTATION AND  .................................................... 3537
SPECTRAL FINE-TUNING
Muhammad Tayyab, Fahad Ahmad Khan, Abhijit Mahalanobis, University Of Central Florida, United States

SS-NNC.8: HYBRID PRUNING AND SPARSIFICATION .................................................................................................... 3542
Hamed Rezazadegan Tavakoli, Nokia Technologies, Finland; Joachim Wabnig, Nokia Bell Labs, Finland; Francesco Cricri, 
Honglei Zhang, Emre Aksu, Nokia Technologies, Finland; Iraj Saniee, Nokia Bell Labs, Finland

SS-NNC.9: DATA-DRIVEN LOW-RANK NEURAL NETWORK COMPRESSION ......................................................... 3547
Dimitris Papadimitriou, UC Berkeley, United States; Swayambhoo Jain, Interdigital AI Lab, United States

SS-NNC.10: ZERO-SHOT LEARNING OF A CONDITIONAL GENERATIVE  ............................................................... 3552
ADVERSARIAL NETWORK FOR DATA-FREE NETWORK QUANTIZATION
Yoojin Choi, Mostafa El-Khamy, Jungwon Lee, Samsung Semiconductor Inc., United States



lxxix

SS-NNC.11: COMPREHENSIVE ONLINE NETWORK PRUNING VIA LEARNABLE  ................................................ 3557
SCALING FACTORS
Muhammad Umair Haider, Murtaza Taj, Lahore University of Management Sciences, Pakistan

SS-NNC.13: LATENT-SPACE SCALABILITY FOR MULTI-TASK COLLABORATIVE  ............................................... 3562
INTELLIGENCE
Hyomin Choi, Ivan Bajić, Simon Fraser University, Canada

SS-NNC.14: DISCRIMINATIVE PATCH DESCRIPTOR LEARNING WITH FOCAL  ................................................... 3567
TRIPLET LOSS FUNCTION
Song Wang, Xin Guo, Yun Tie, Lin Qi, Zhengzhou University, China; Ling Guan, Ryerson University, Canada

SS-MMSDF-1: SPECIAL SESSION: AI FOR MULTIMEDIA SECURITY AND DEEPFAKE 1

SS-MMSDF-1.1: DEEPFAKE VIDEO DETECTION USING 3D-ATTENTIONAL ........................................................... 3572
INCEPTION CONVOLUTIONAL NEURAL NETWORK
Changlei Lu, Bin Liu, Wenbo Zhou, Qi Chu, Nenghai Yu, University of Science and Technology of China, China

SS-MMSDF-1.2: IMPROVING THE GENERALIZATION ABILITY OF DEEPFAKE  ................................................... 3577
DETECTION VIA DISENTANGLED REPRESENTATION LEARNING
Jiashang Hu, Shilin Wang, Xiaoyong Li, Shanghai Jiao Tong University, China

SS-MMSDF-1.3: FSFT-NET: FACE TRANSFER VIDEO GENERATION WITH  ............................................................. 3582
FEW-SHOT VIEWS
Luchuan Song, Guojun Yin, Bin Liu, Unversity of Science and Technology of China, China; Yuhui Zhang, University of Science 
and Technology of China, China; Nenghai Yu, Unversity of Science and Technology of China, China

SS-MMSDF-1.4: EXPLOITING FACIAL SYMMETRY TO EXPOSE DEEPFAKES ........................................................ 3587
Gen Li, Yun Cao, Xianfeng Zhao, Institute of Information Engineering, Chinese Academy of Sciences, China

SS-MMSDF-1.5: TOWARDS UNIVERSAL PHYSICAL ATTACKS ON CASCADED  ..................................................... 3592
CAMERA-LIDAR 3D OBJECT DETECTION MODELS
Mazen Abdelfattah, Kaiwen Yuan, Z. Jane Wang, Rabab Ward, University of British Columbia, Canada

SS-MMSDF-1.6: FACE FORGERY DETECTION BASED ON SEGMENTATION  .......................................................... 3597
NETWORK
Yingbin Zhou, Anwei Luo, Xiangui Kang, Sun Yat-sen University, China; Siwei Lyu, University at Buffalo, State University of New 
York, United States

SS-MMSDF-1.7: FROM GRADIENT LEAKAGE TO ADVERSARIAL ATTACKS IN  .................................................... 3602
FEDERATED LEARNING
Jia Qi Lim, Chee Seng Chan, Universiti Malaya, Malaysia

SS-MMSDF-1.8: DETECTING C&W ADVERSARIAL IMAGES BASED ON NOISE  .................................................... 3607
ADDITION-THEN-DENOISING
Kang Deng, Anjie Peng, Wanli Dong, Hui Zeng, Southwest University of Science and Technology, China

SS-MMSDF-1.9: ROBIC: A BENCHMARK SUITE FOR ASSESSING CLASSIFIERS  ................................................... 3612
ROBUSTNESS
Thibault Maho, Benoit Bonnet, Teddy Furon, Erwan Le Merrer, Inria, France

SS-MMSDF-1.10: MODEL-AGNOSTIC ADVERSARIAL EXAMPLE DETECTION  ..................................................... 3617
THROUGH LOGIT DISTRIBUTION LEARNING
Yaopeng Wang, Lehui Xie, Ximeng Liu, Jia-Li Yin, Tingjie Zheng, Fuzhou University, China

SS-MMSDF-1.11: PARTICLE SWARM AND PATTERN SEARCH OPTIMISATION OF AN  ........................................ 3622
ENSEMBLE OF FACE ANOMALY DETECTORS
Soroush Fatemifar, Muhammad Awais, Ali Akbari, Josef Kittler, University of Surrey, United Kingdom



lxxx

SS-MMSDF-1.12: ADVERSARIAL ATTACK ON FAKE-FACES DETECTORS UNDER  ............................................... 3627
WHITE AND BLACK BOX SCENARIOS
Xiying Wang, Rongrong Ni, Wenjie Li, Yao Zhao, Institute of Information Science, Beijing Jiaotong University/Beijing Key 
Laboratory of Advanced Information Science and Network Technology, China

SS-3DPU: SPECIAL SESSION: 3D VISUAL PERCEPTION AND UNDERSTANDING

SS-3DPU.1: SEMI-SUPERVISED 3D HAND-OBJECT POSE ESTIMATION VIA POSE  ............................................... 3632
DICTIONARY LEARNING
Zida Cheng, Siheng Chen, Ya Zhang, Shanghai Jiao Tong University, China

SS-3DPU.2: SEEING BY HAPTIC GLANCE: REINFORCEMENT LEARNING BASED 3D  ........................................ 3637
OBJECT RECOGNITION
Kevin Riou, Suiyi Ling, CAPACITÉS SAS, France; Guillaume Gallot, CAPACITÉS, France; Patrick Le Callet, University of 
Nantes, France

SS-3DPU.3: 3D GRID TRANSFORMATION NETWORK FOR POINT CLOUD ............................................................. 3642
COMPLETION
Xiaobao Deng, Xiaolin Hu, Nicholas Buris, Ping An, Yilei Chen, Shanghai University, China

SS-3DPU.4: 3D SCENEFLOWNET: SELF-SUPERVISED 3D SCENE FLOW  .................................................................. 3647
ESTIMATION BASED ON GRAPH CNN
Yawen Lu, Rochester Institute of Technology, United States; Yuhao Zhu, University of Rochester, United States; Guoyu Lu, 
Rochester Institute of Technology, United States

SS-3DPU.5: SM3D: SIMULTANEOUS MONOCULAR MAPPING AND 3D DETECTION ............................................. 3652
Runfa Li, Truong Nguyen, University of California, San Diego, United States

SS-3DPU.6: RESIDUAL ENHANCED MULTI-HYPERGRAPH NEURAL NETWORK .................................................. 3657
Jing Huang, Xiaolin Huang, Jie Yang, Shanghai Jiao Tong University, China

SS-3DPU.7: UNSUPERVISED LEARNING OF VISUAL ODOMETRY USING DIRECT  ............................................... 3662
MOTION MODELING
Silviu Andrei, Illinois Institute of Technology / amazon.com, United States; Gady Agam, Illinois Institute of Technology, United 
States

SS-3DPU.8: A DEEP LEARNING METHOD FOR FRAME SELECTION IN VIDEOS FOR  ......................................... 3667
STRUCTURE FROM MOTION PIPELINES
Francesco Banterle, ISTI-CNR, Italy; Rui Gong, ETH Zurich, Switzerland; Massimiliano Corsini, Fabio Ganovelli, ISTI-CNR, 
Italy; Luc Van Gool, ETH Zurich, Switzerland; Paolo Cignoni, ISTI-CNR, Italy

SS-3DPU.9: HIGH-FREQUENCY SHAPE RECOVERY FROM SHADING BY CNN AND  ........................................... 3672
DOMAIN ADAPTATION
Kodai Tokieda, Takafumi Iwaguchi, Hiroshi Kawasaki, Kyushu University, Japan

SS-3DPU.10: BLOCKWISE TEMPORAL-SPATIAL PATHWAY NETWORK ................................................................... 3677
SeulGi Hong, Min-Kook Choi, hutom, Republic of Korea

SS-3DPU.11: A NOVEL MULTI-VIEW LABELLING NETWORK BASED ON PAIRWISE  .......................................... 3682
LEARNING
Yue Zhang, Akin Caliskan, Adrian Hilton, Jean-Yves Guillemaut, University of Surrey, United Kingdom



lxxxi

SS-EDNN: SPECIAL SESSION: EXPLAINABLE DEEP NEURAL NETWORKS FOR IMAGE/
VIDEO PROCESSING

SS-EDNN.1: X3SEG: MODEL-AGNOSTIC EXPLANATIONS FOR THE SEMANTIC  ................................................. 3687
SEGMENTATION OF 3D POINT CLOUDS WITH PROTOTYPES AND CRITICISM
Nina Felicitas Heide, Erik Müller, Janko Petereit, Fraunhofer IOSB, Germany; Michael Heizmann, Karlsruhe Institute of 
Technology, Germany

SS-EDNN.2: EXPLAINING DEEP MODELS THROUGH FORGETTABLE LEARNING  ............................................. 3692
DYNAMICS
Ryan Benkert, Oluwaseun Joseph Aribido, Ghassan AlRegib, Georgia Institute of Technology, United States

SS-EDNN.3: EXTRACTING CAUSAL VISUAL FEATURES FOR LIMITED LABEL  ................................................... 3697
CLASSIFICATION
Mohit Prabhushankar, Ghassan AlRegib, Georgia Institute Of Technology, United States

SS-EDNN.4: CLASS SPECIFIC INTERPRETABILITY IN CNN USING CAUSAL  ......................................................... 3702
ANALYSIS
Ankit Yadu, Suhas P K, Samsung Research Institute India, Bangalore, India; Neelam Sinha, International Institute of Information 
Technology, Bangalore, India

SS-EDNN.5: UNDERSTANDING AND MANIPULATING NEURAL NET FEATURES  .................................................. 3707
USING SPARSE OBLIQUE CLASSIFICATION TREES
Suryabhan Singh Hada, Miguel Á. Carreira-Perpiñán, Arman Zharmagambetov, University of California, Merced, United States

SS-EDNN.6: SAMPLING THE “INVERSE SET” OF A NEURON ....................................................................................... 3712
Suryabhan Singh Hada, Miguel Á. Carreira-Perpiñán, University of California, Merced, United States

SS-EDNN.7: EXPLAINERS IN THE WILD: MAKING SURROGATE EXPLAINERS  ................................................... 3717
ROBUST TO DISTORTIONS THROUGH PERCEPTION
Alexander Hepburn, Raul Santos-Rodriguez, University of Bristol, United Kingdom

SS-IVC-DL: SPECIAL SESSION: OPTIMIZED IMAGE AND VIDEO CODING USING DEEP 
LEARNING

SS-IVC-DL.1: A DEEPLY MODULATED SCHEME FOR VARIABLE-RATE VIDEO  ................................................... 3722
COMPRESSION
Jianping Lin, Dong Liu, Unversity of Science and Technology of China, China; Jie Liang, Simon Fraser University, Canada; 
Houqiang Li, Feng Wu, Unversity of Science and Technology of China, China

SS-IVC-DL.2: DEFENDING AGAINST NOISE BY CHARACTERIZING THE  .............................................................. 3727
RATE-DISTORTION FUNCTIONS IN END-TO-END NOISY IMAGE COMPRESSION
Binzhe Li, Shurun Wang, Shiqi Wang, City University of Hong Kong, Hong Kong SAR of China

SS-IVC-DL.3: SELF-ORGANIZED VARIATIONAL AUTOENCODERS (SELF-VAE) FOR  .......................................... 3732
LEARNED IMAGE COMPRESSION
Mustafa Akın Yılmaz, Onur Keleş, Hilal Güven, Ahmet Murat Tekalp, Koç University, Turkey; Junaid Malik, Tampere University, 
Finland; Serkan Kiranyaz, Qatar University, Qatar

SS-IVC-DL.4: RATE-DISTORTION-OPTIMIZATION FOR DEEP IMAGE  .................................................................... 3737
COMPRESSION
Michael Schaefer, Sophie Pientka, Jonathan Pfaff, Heiko Schwarz, Detlev Marpe, Thomas Wiegand, Fraunhofer Heinrich-Hertz-
Institute, Germany

SS-IVC-DL.5: EXPRESSIVE AND COMPRESSIVE GAN INVERSION NETWORK ..................................................... 3742
Youmin Xu, Jian Zhang, Peking University, China



lxxxii

SS-IVC-DL.6: A NEURAL NETWORK APPROACH FOR JOINT OPTIMIZATION OF  ............................................... 3747
PREDICTORS IN LIFTING-BASED IMAGE CODERS
Tassnim Dardouri, Mounir Kaaniche, University Sorbonne Paris Nord, France; Amel Benazza-Benyahia, University of Carthage, 
SUP’COM, Tunisia; Jean-Christophe Pesquet, CentraleSupélec, France; Gabriel Dauphin, University Sorbonne Paris Nord, 
France

SS-IVC-DL.7: MACHINE-LEARNING BASED SECONDARY TRANSFORM FOR  ...................................................... 3752
IMPROVED IMAGE COMPRESSION IN JPEG2000
Xinyue Li, Aous Naman, David Taubman, University of New South Wales, Australia

SS-IVC-DL.8: SANDWICHED IMAGE COMPRESSION: WRAPPING NEURAL  ......................................................... 3757
NETWORKS AROUND A STANDARD CODEC
Onur Guleryuz, Phil Chou, Hugues Hoppe, Danhang Tang, Ruofei Du, Philip Davidson, Sean Fanello, Google LLC, United 
States

SS-MIA: SPECIAL SESSION: DEEP LEARNING AND PRECISION QUANTITATIVE IMAGING 
FOR MEDICAL IMAGE ANALYSIS

SS-MIA.1: DEEP CONTEXT-ENCODING NETWORK FOR RETINAL IMAGE  ........................................................... 3762
CAPTIONING
Jia-Hong Huang, University of Amsterdam, Netherlands; Ting-Wei Wu, C.-H. Huck Yang, Georgia Institute of Technology, United 
States; Marcel Worring, University of Amsterdam, Netherlands

SS-MIA.2: FEATURE FUSION ENSEMBLE ARCHITECTURE WITH ACTIVE  ........................................................... 3767
LEARNING FOR MICROSCOPIC BLOOD SMEAR ANALYSIS
Jeevan Jamakayala, Rama Krishna Sai Gorthi, Indian Institute of Technology Tirupati, India

SS-MIA.3: EVOLVING DEEP ENSEMBLES FOR DETECTING COVID-19 IN CHEST  ............................................... 3772
X-RAYS
Piotr Bosowski, Silesian University of Technology, Poland; Joanna Bosowska, Medical University of Silesia, Poland; Jakub
Nalepa, Silesian University of Technology, Poland

SS-MIA.4: A TEACHER-STUDENT LEARNING BASED ON COMPOSED  .................................................................... 3777
GROUND-TRUTH IMAGES FOR ACCURATE CEPHALOMETRIC LANDMARK DETECTION
Yu Song, Ritsumeikan University, Japan; Xu Qiao, Shandong University, China; Yutaro Iwamoto, Yen-Wei Chen, Ritsumeikan 
University, Japan

SS-MIA.5: A NOVEL METHOD FOR SEGMENTATION OF BREAST MASSES BASED  ............................................. 3782
ON MAMMOGRAPHY IMAGES
Haichao Cao, Shiliang Pu, Wenming Tan, Hangzhou Hikvision Digital Technology Company Limited, China

SS-MIA.6: UNSUPERVISED MEDICAL IMAGE ALIGNMENT WITH CURRICULUM  .............................................. 3787
LEARNING
Mihail Burduja, Radu Tudor Ionescu, University of Bucharest, Romania

SS-MIA.7: SEPUNET: DEPTHWISE SEPARABLE CONVOLUTION INTEGRATED  ................................................... 3792
U-NET FOR MRI RECONSTRUCTION
Soheil Zabihi, Elahe Rahimian, Concordia University, Canada; Amir Asif, York University, Canada; Arash Mohammadi,
Concordia University, Canada

SS-MIA.8: DEEP FEATURES FUSION WITH MUTUAL ATTENTION TRANSFORMER  ........................................... 3797
FOR SKIN LESION DIAGNOSIS
Li Zhou, Yan Luo, University of Massachusetts Lowell, United States

SS-MIA.9: EXPLAINABLE PREDICTION OF RENAL CELL CARCINOMA FROM  ................................................... 3802
CONTRAST-ENHANCED CT IMAGES USING DEEP CONVOLUTIONAL TRANSFER LEARNING 
AND THE SHAPLEY ADDITIVE EXPLANATIONS APPROACH
Fuchang Han, Shenghui Liao, Siming Yuan, Renzhong Wu, Yuqian Zhao, Yu Xie, Central South University, China



lxxxiii

SS-MIA.10: TOWARDS DEEP LEARNING-BASED SARCOPENIA SCREENING WITH  ............................................ 3807
BODY JOINT COMPOSITION ANALYSIS
Yung-Chih Chen, Chang-Gung Memorial Hospital, Taiwan; Jun-Wei Hsieh, National Yang Ming Chiao Tung University, Taiwan; 
Yao-Hong Yang, Chien-Hung Lee, Chang-Gung Memorial Hospital, Taiwan; Ping-Yang Chen, National Yang Ming Chiao Tung 
University, Taiwan; Pei-Yi Yu, Arpita Samanta Santa, National Taiwan Ocean University, Taiwan

SS-RSDA: SPECIAL SESSION: COMPUTER VISION AND MACHINE LEARNING FOR 
REMOTE SENSING DATA ANALYSIS

SS-RSDA.1: SPATIO-TEMPORAL CROP CLASSIFICATION ON VOLUMETRIC DATA ............................................ 3812
Muhammad Usman Qadeer, Salar Saeed, Murtaza Taj, Abubakr Muhammad, Lahore University of Management Sciences, 
Pakistan

SS-RSDA.2: SLICED SPARSITY MEASURE FOR TENSOR TO MULTISPECTRAL .................................................... N/A
IMAGE DENOISING
Tongle Wu, Bin Gao, University of Electronic Science and Technology of China, China; Wai Lok Woo, Northumbria University, 
United Kingdom

SS-RSDA.3: AFDN: ATTENTION-BASED FEEDBACK DEHAZING NETWORK FOR UAV  ...................................... 3822
REMOTE SENSING IMAGE HAZE REMOVAL
Shan Wang, Hanlin Wu, Libao Zhang, Beijing Normal University, China

SS-RSDA.4: HIM-NET: A NEW NEURAL NETWORK APPROACH FOR SAR AND  .................................................... 3827
OPTICAL IMAGE TEMPLATE MATCHING
Haoran Xu, Mingyi He, Zhibo Rao, Wenyao Li, Northwestern Polytechnical University, China

SS-RSDA.5: SPECTRAL-SPATIAL FUSED ATTENTION NETWORK FOR  ................................................................... 3832
HYPERSPECTRAL IMAGE CLASSIFICATION
Ningyang Li, Zhaohui Wang, Hainan University, China

SS-RSDA.6: ENHANCED HYPERSPECTRAL IMAGE SUPER-RESOLUTION VIA RGB  ........................................... 3837
FUSION AND TV-TV MINIMIZATION
Marija Vella, Heriot-Watt University, United Kingdom; Bowen Zhang, Wei Chen, Beijing Jiaotong University, China; João F. C. 
Mota, Heriot-Watt University, United Kingdom

SS-RSDA.7: A CONSENSUAL COLLABORATIVE LEARNING METHOD FOR REMOTE  ........................................ 3842
SENSING IMAGE CLASSIFICATION UNDER NOISY MULTI-LABELS
Ahmet Kerem Aksoy, Mahdyar Ravanbakhsh, Tristan Kreuziger, Begüm Demir, Technische Universität Berlin, Germany

SS-RSDA.8: BUILDING FOOTPRINT GENERATION BY INTEGRATING U-NET WITH  .......................................... 3847
DEEPENED SPACE MODULE
Jun Chen, Yuxuan Jiang, Linbo Luo, Yue Gu, Kangle Wu, China University of Geosciences, Wuhan, China

SS-RSDA.9: SINGLE REMOTE SENSING IMAGE DEHAZING USING A DUAL-STEP  .............................................. 3852
CASCADED RESIDUAL DENSE NETWORK
Yufeng Huang, Xiang Chen, Shenyang Aerospace University, China

SS-RSDA.10: A LIGHTWEIGHT RELU-BASED FEATURE FUSION FOR AERIAL SCENE  ...................................... 3857
CLASSIFICATION
Md Adnan Arefeen, Sumaiya Tabassum Nimi, Md Yusuf Sarwar Uddin, Zhu Li, University of Missouri-Kansas City, United States

SS-RSDA.11: SEMANTIC-AWARE NETWORK FOR AERIAL-TO-GROUND IMAGE  ................................................ 3862
SYNTHESIS
Jinhyun Jang, Taeyong Song, Kwanghoon Sohn, Yonsei University, Republic of Korea



lxxxiv

SS-MMSDF-2: SPECIAL SESSION: AI FOR MULTIMEDIA SECURITY AND DEEPFAKE 2

SS-MMSDF-2.1: GIID-NET: GENERALIZABLE IMAGE INPAINTING DETECTION  ................................................ 3867
NETWORK
Haiwei Wu, Jiantao Zhou, University of Macau, China

SS-MMSDF-2.2: RPPG-BASED SPOOFING DETECTION FOR FACE MASK ATTACK  ............................................. 3872
USING EFFICIENTNET ON WEIGHTED SPATIAL-TEMPORAL REPRESENTATION
Chenglin Yao, Shihe Wang, Jialu Zhang, Wentao He, Heshan Du, Jianfeng Ren, Ruibin Bai, Jiang Liu, University of Nottingham 
Ningbo China, China

SS-MMSDF-2.3: TRANSFER LEARNING-BASED MODEL PROTECTION WITH  ...................................................... 3877
SECRET KEY
AprilPyone MaungMaung, Hitoshi Kiya, Tokyo Metropolitan University, Japan

SS-MMSDF-2.4: TRANSFORMER AND NODE-COMPRESSED DNN BASED  ............................................................... 3882
DUAL-PATH SYSTEM FOR MANIPULATED FACE DETECTION
Zhengbo Luo, Sei-ichiro Kamata, Zitang Sun, Waseda University, Japan

SS-MMSDF-2.5: CNN CLASSIFIER’S ROBUSTNESS ENHANCEMENT WHEN  .......................................................... 3887
PRESERVING PRIVACY
Abul Hasnat, Nadiya Shvai, Amir Nakib, Cyclope.ai, France

SS-MMSDF-2.6: ERROR DIFFUSION HALFTONING AGAINST ADVERSARIAL  ...................................................... 3892
EXAMPLES
Shao-Yuan Lo, Vishal Patel, Johns Hopkins University, United States

SS-MMSDF-2.7: PERSONALIZED FACE AUTHENTICATION BASED ON FEW-SHOT  ............................................ 3897
META-LEARNING
Chaehun Shin, Jangho Lee, Byunggook Na, Sungroh Yoon, Seoul National University, Republic of Korea

SS-MMSDF-2.8: SYSTEMATIC ANALYSIS OF CIRCULAR ARTIFACTS FOR STYLEGAN ...................................... 3902
Way Tan, National University of Singapore, Singapore; Bihan Wen, Nanyang Technological University, Singapore; Cen Chen, 
Zeng Zeng, Xulei Yang, Institute for Infocomm Research (I2R), the Agency for Science, Technology and Research (A*STAR), 
Singapore

SS-MMSDF-2.9: RECALIBRATED BANDPASS FILTERING ON TEMPORAL WAVEFORM  ..................................... 3907
FOR AUDIO SPOOF DETECTION
Yanzhen Ren, Key Laboratory of Aerospace Information Security and Trusted Computing, Ministry of Education, China; Wuyang 
Liu, Dengkai Liu, School of Cyber Science and Engineering, Wuhan University, China; Lina Wang, Key Laboratory of Aerospace 
Information Security and Trusted Computing, Ministry of Education, China

SS-MMSDF-2.10: IMPERCEPTIBLE ADVERSARIAL EXAMPLES FOR FAKE IMAGE  ............................................ N/A
DETECTION
Quanyu Liao, Chengdu University of Information Technology, China; Yuezun Li, University at Buffalo, United States; Xin Wang, 
Bin Kong, Keya Medical, United States; Bin Zhu, Microsoft Research Asia, China; Siwei Lyu, University at Buffalo, United 
States; Youbing Yin, Qi Song, Keya Medical, United States; Xi Wu, Chengdu University of Information Technology, China

SS-MMSDF-2.11: FAKE FACE DETECTION USING LOCAL BINARY PATTERN AND  .............................................. 3917
ENSEMBLE MODELING
Yonghui Wang, Vahid Zarghami, Suxia Cui, Prairie View A&M University, United States

SS-MMSDF-2.12: A NEURO-INSPIRED AUTOENCODING DEFENSE AGAINST  ........................................................ 3922
ADVERSARIAL ATTACKS
Can Bakiskan, Metehan Cekic, Ahmet Sezer, Upamanyu Madhow, University of California, Santa Barbara, United States




