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TUESDAY EVENING 
Registration / Reception, 7:00-10:00pm (Golden Cliff Room) 

WEDNESDAY MORNING 
SESSION 1,  Video Coding, Part 1 
8:00am: Spatially Scalable HEVC for Layered Division Multiplexing in Broadcast .............. 3  

Kiran Misra1, Andrew Segall1, Jie Zhao1, Seung-Hwan Kim1, Joan Llach2,  
Alan Stein2, John Stewart2, Hendry3, Ye-Kui Wang3, Yan Ye4, and Yong He4 
1Sharp Labs Of America, 2Technicolor, 3Qualcomm, 4Interdigital 

8:20am: Conversion and Coding Practices for HDR/WCG ICTCP 4:2:0 Video ...................... 13  
Taoran Lu, Fangjun Pu, Peng Yin, Tao Chen, and Walt Husak 

Dolby Laboratories 
8:40am: Effective Quadtree Plus Binary Tree Block Partition Decision 
for Future Video Coding ............................................................................................................ 23  

Zhao Wang1, Shiqi Wang2, Jian Zhang1, Shanshe Wang1, and Siwei Ma1 
1Peking University, 2Nanyang Technological University 

9:00am: Adaptive Clipping in JEM .......................................................................................... 33  
Franck Galpin, Philippe Bordes, and Fabien Racape 

Technicolor 

Break: 9:20am - 9:40am 

SESSION 2,  Quality Metrics and Perceptual Compression, Part 1 
9:40am: Measure and Prediction of HEVC Perceptually Lossy/Lossless  
Boundary QP Values ................................................................................................................. 42  

Qin Huang1, Haiqiang Wang1, Sung Chang Lim2, Hui Yong Kim2, Se Yoon Jeong2,  
and C.-C. Jay Kuo1 

1Univ. Southern California, 2Elec. and Tele. Research Institute 
10:00am: Recover Subjective Quality Scores from Noisy Measurements .............................. 52  

Zhi Li1 and Christos G. Bampis2 
1Netflix, 2Univ. of Texas at Austin 

10:20am: Influence of Dead Zone Quantization Parameters in the R/D Performance  
of Wavelet-Based Image Encoders ........................................................................................... 62  

Miguel O. Martínez-Rach, Pablo Piñol, Otoniel López-Granado,  
and Manuel P. Malumbres 

Miquel Hernández University 

Break: 10:40am - 11:00am 

SESSION 3 
11:00am: A Compact Index for Order-Preserving Pattern Matching .................................... 72  

Gianni Decaroli1, Travis Gagie2, and Giovanni Manzini3 
1University of Eastern Piedmont, 2Diego Portales University and CEBIB, 
3IIT-CNR 

11:20am: Complementary Contextual Models with FM-Index for DNA Compression ......... 82  
Wenjing Fan1, Wenrui Dai2, Yong Li1, and Hongkai Xiong1 

1Shanghai Jiao Tong Univ., 2University of California, San Diego 
11:40am: Improved Parallel Construction of Wavelet Trees and Rank/Select Structures ... 92  

Julian Shun 
University of California, Berkeley 

noon: Full Compressed Affix Tree Representations ............................................................. 102  
Rodrigo Cánovas and Eric Rivals 

Université de Montpellier 
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Wednesday Lunch Break: 12:20pm - 2:00pm 

WEDNESDAY MID-DAY 

Kenote Speaker 
2:00pm - 3:30pm 

Visual Quality Metrics 
Scott Daly 

Senior Member Technical Staff, Dolby Laboratories 
Abstract: 
In a recent paper*, over 30 visual quality metrics were assessed against a subjective dataset. Why 
so many?  While complexity criteria and the creativity of the metric designers is an obvious 
answer, there are also important business-dependent factors.  For example, mature businesses 
offering high quality products/services are more interested in carefully quantifying performance 
around a visually lossless goal, while nascent businesses offering a new imaging convenience to 
the market are generally more interested in describing quality over a wider range of distortions.  
Currently, it is difficult to have accuracy at the threshold as well as the ability to describe the 
entire range of appearance.  Such difficulty has roots in the threshold vs. suprathreshold 
performance of the visual system, where one example is that the luminance nonlinearity that 
results in uniform detection is different from the one that describes lightness appearance*.  
Another is that the CSF (Contrast Sensitivity Function, ~ an MTF) changes shape as distortions 
become visibly larger.  These fundamental aspects of human vision manifest into not only 
different types of metric algorithms, but also different methodologies required for subjective 
testing.   In addition to the distinction between visually lossless vs. visual lossy, there is a key 
distinction between metrics that are signal-dependent, such as commonly used for codec 
assessment, and those that are traditionally signal-independent, such as those used to characterize 
displays.   While these arenas have been largely disjoint for many decades, the proliferation of 
widely varying display capabilities means that codec or other image processing quality 
assessment is substantially linked to the actual display.   Some businesses are able to take 
advantage of such linking, while others are not.  The recent development of HDR displays and 
signal ecosystems enabling metadata means that OTT (internet delivery of content) businesses 
are able to take advantage of such linking while traditional businesses such as broadcasting are 
hesitant.  This recency is exemplified in that only two of the metrics studied above were capable 
of being calibrated to the display.  The concept of Signal Known Exactly (SKE) affects whether 
perceptually transparent or merely structural similarity is needed for specific businesses, and thus 
effect whether reference-based or no-reference metrics are most applicable.  For example, user-
generated content puts specific demands on certain features that doesn’t occur with 
professionally produced content.  However, professional content having narrative intentions 
brings up the related concept of Signal Expressed Exactly. In addition to the physics of the 
display and the psychophysics of human viewer, the statistics of the imagery must also be 
considered. Further philosophical issues include non-ergodic imagery, entropy vs. sensation, and 
technological acclimatization which requires consideration of “better than excellent”. 

[1] Hanhart EURASIP 2016 
[2] Hillis and Brainard JOSA 2007 
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WEDNESDAY AFTERNOON 

SESSION 4 
4:00pm: Low Complexity Prediction Model for Coding Remote-Sensing Data 
with Regression Wavelet Analysis ......................................................................................... 112  

Naoufal Amrani1, Joan Serra-Sagristà1, and Michael Marcellin2 
1Universitat Autònoma de Barcelona, 2Univ. of Arizona 

4:20pm: Error Bounds for HDR Image Coding with JPEG XT ............................................ 122  

Thomas Richter 

University of Stuttgart 

4:40pm: Pseudo Sequence Based 2-D Hierarchical Coding Structure 
for Light-Field Image Compression ........................................................................................ 131  

Li Li1, Zhu Li1, Bin Li2, Dong Liu3, and Houqiang Li3 
1University of Missouri-KC, 2Microsoft Research Asia, 3USTC 

5:00pm: Signal Recovery in Compressive Sensing via Multiple Sparsifying Bases ............ 141  

U. L. Wijewardhana1, E. Belyaev2, M. Codreanu1, and M. Latva-Aho1 

 1University of Oulu, 2Technical University of Denmark 

5:20pm: Compressed Sensing Performance of Binary Matrices 
with Binary Column Correlations .......................................................................................... 151  

Weizhi Lu, Tao Dai, and Shu-Tao Xia 

Tsinghua University 

Break: 5:40pm - 6:00pm 

SESSION 5 
6:00pm: Marlin: A High Throughput Variable-to-Fixed Codec Using  
Plurally Parsable Dictionaries ............................................................................................... 161  

Manuel Martinez1, Monica Haurilet1, Rainer Stiefelhagen1,  
and Joan Serra-Sagristà2 

1Karlsruhe Institute of Technology, 2Universitat Autònoma de Barcelona 

6:20pm: Space-Efficient Re-Pair Compression ...................................................................... 171  

Philip Bille, Inge Li Gørtz, and Nicola Prezza 

Technical University of Denmark 

6:40pm: Improvements on Re-Pair Grammar Compressor .................................................. 181  

Michal Gańczorz and Artur Jeż 
University of Wrocław 
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THURSDAY MORNING 

SESSION 6,  Video Coding, Part 2 
8:00am: Cluster Adapted Signalling for Intra Prediction in HEVC .................................... 191  

Kevin Reuzé1, Pierrick Philippe1, Wassim Hamidouche2, and Olivier Déforges2 
1Orange Labs, 2IETR/INSA 

8:20am: Fast Intra Coding Implementation for High Efficiency Video Coding (HEVC) .... 201  
Xin Lu1, Nan Xiao2, Graham Martin3, Yue Hu1, and Xuesong Jin4 

1Harbin Inst. of Tech., 2Univ. of Warwick, 3Harbin Univ. of Commerce 
8:40am: Intra Prediction Using Multiple Reference Lines for Video Coding ...................... 221  

Jiahao Li1, Bin Li2, Jizheng Xu2, and Ruiqin Xiong1 
1Peking University, 2Microsoft Research Asia 

Break: 9:00am - 9:40am 

SESSION 7,  Quality Metrics and Perceptual Compression, Part 2 
9:40am: Reduced Reference Image Quality Assessment Based on Entropy  
of Classified Primitives ........................................................................................................... 231  

Zhaolin Wan1, Yutao Liu1, Feng Qi2, and Debin Zhao1 
1Harbin Inst. of Tech, 2Inst. of Computing Tech. 

10:00am: Revisiting Perceptual Distortion for Natural Images: 
Mean Discrete Structural Similarity Index ........................................................................... 241  

Christopher Hillar1 and Sarah Marzen2 
1Univ. of California, Berkeley, 2Massachusetts Inst. of Tech. 

10:20am: Semantic Perceptual Image Compression Using Deep Convolution Networks .. 250  
Aaditya Prakash, Nick Moran, Solomon Garber, Antonella Dilillo, and James Storer 

Brandeis University 

Break: 10:40am - 11:00am 

SESSION 8 
11:00am: Compressed Dynamic Range Majority Data Structures ...................................... 260  

Travis Gagie1,2, Meng He3, and Gonzalo Navarro2,4 
1Diego Portales Univ., 2CeBiB, 3Dalhousie Univ., 4Univ. of Chile 

11:20am: A Succinct Data Structure for Multidimensional Orthogonal Range Searching 270  
Kazuki Ishiyama and Kunihiko Sadakane 

The University of Tokyo 
11:40am: Stabbing Colors in One Dimension ........................................................................ 280  

Arnab Ganguly1, Wing-Kai Hon2, and Rahul Shah3 
1Louisiana State Univ., 2National Tsing Hua Univ., 3National Science Foundation 

noon: Streaming k-Mismatch with Error Correcting and Applications ............................... 290  
Jakub Radoszewski1 and Tatiana Starikovskaya2 

1Univ. of Warsaw, 2Univ. Paris-Diderot 
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Thursday Lunch Break: 12:20pm - 2:00pm 

THURSDAY MID-DAY 

Kenote Speaker 
2:00pm - 3:30pm 
 

Advances and Challenges in Imaging from Space 
M. Dirk Robinson 

Engineering Manager, Terra Bella @ Google 

Abstract: 
Traveling at speeds over 7 kilometers per second, a satellite provides a unique opportunity to 
observe the patterns of change on our planet. At Terra Bella, we build and operate a constellation 
of earth imaging satellites to collect imagery about our physical world and provide unique data 
 services to our users. After a brief introduction to the basics of earth imaging satellites, we will 
describe several of the unique challenges of imaging from space including collecting, 
transporting, and processing large quantities of data. We will describe the innovative Terra Bella 
imaging  architecture we use to collect and process high quality imagery and video at very low 
cost. We will conclude with several of the open challenges for the research community. 

 

 

 
POSTER SESSION AND RECEPTION 

4:00pm - 7:00pm 
In the Golden Cliff Room. 

(Titles are listed at the end this program; abstracts of each presentation appear in the proceedings.) 
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FRIDAY MORNING 

SESSION 9 
8:00am: Compression of Deep Neural Networks for Image Instance Retrieval .................. 300  

Vijay Chandrasekhar1,4, Jie Lin1, Qianli Liao3, Olivier Morère2, Antoine Veillard2,  
Lingyu Duan5, and Tomaso Poggio3  

1Inst. for Infocomm Research, Singapore, 2Univ. Pierre et Marie Curie, 
3Massachusetts Inst. of Tech., 4Nanyang Technological Univ., 5 Peking Univ. 

8:20am: Universal Source Coding of Deep Neural Networks ............................................... 310  

Sourya Basu1 and Lav R. Varshney2 
1Univ. of Illinois at Urbana-Champaign, 2Indian Inst. of Tech. Kanpur 

8:40am: An Asymmetric Difference Multiple Description Gaussian Noise Channel .......... 320  

Jan Østergaard1, Yuval Kochman2, and Ram Zamir3 
1Aalborg University, 2Hebrew University of Jerusalem, 3Tel Aviv University 

Break: 9:00am - 9:20am 

SESSION 10,  Genome Compression 
9:20am: GeneComp, a New Reference-Based Compressor for SAM Files ........................... 330  

Reggy Long1, Mikel Hernaez1, Idoia Ochoa1, 2, and Tsachy Weissman2 

Stanford University1, Univ. of Illinois at Urbana-Champaign2 

9:40am: Statistical Compression of Protein Folding Patterns 
for Inference of Recurrent Substructural Themes ................................................................. 341  

Ramanan Subramanian1, Lloyd Allison1, Peter J. Stuckey2,  
Maria Garcia de la Banda1, David Abramson3, Arthur M. Lesk4,  
and Arun S. Konagurthu1 

1Monash University, 2University of Melbourne, 3University of Queensland, 
4Pennsylvania State University 

Break: 10:00am - 10:20am 

SESSION 11 
10:20am: LZ-End Parsing in Compressed Space .................................................................. 351  

Dominik Kempa and Dmitry Kosolobov 

University of Helsinki 

10:40am: Improved Queryable Representations of Rasters ................................................. 361  

Alejandro Pinto1, Diego Seco1, and Gilberto Gutiérrez2 

Univ. de Concepción, Universidad del Bío-Bío 

11:00am: An LP Upper Bound for Rate Distortion with Variable Side Information .......... 371  

Sinem Unal1 and Aaron B. Wagner2 
1KenCast Inc., 2Cornell University 

11:20am: Globally Variance-Constrained Sparse Representation for Rate-Distortion  
Optimized Image Representation ........................................................................................... 381  

Xiang Zhang1, Siwei Ma1, Zhouchen Lin1, Jian Zhang1, Shiqi Wang2,  
and Wen Gao1 

1Peking University, 2Shanghai Jiao Tong University, 3Nanyang Tech. University 
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Break: 11:40am - noon 

FRIDAY MID-DAY 

SESSION 12,  Video Coding, Part 3 
noon: Frame Rate Up-Conversion Based Motion Vector Derivation for Hybrid  
Video Coding ............................................................................................................................ 391  

Xiang Li, Jianle Chen, and Marta Karczewicz 

Qualcomm Technologies, Inc 

12:20pm: Temporal Prediction of Motion Parameters with Interchangeable 
Motion Models ......................................................................................................................... 401  

Cordula Heithausen, Maria Meyer, Max Bläser, and Jens-Rainer Ohm 

RWTH Aachen University  

12:40pm: A Novel Deep Learning-Based Method of Improving Coding Efficiency  
from the Decoder-End for HEVC ............................................................................................ 411  

Tingting Wang, Mingjin Chen, and Hongyang Chao 

Sun Yat-sen University 

1:00pm: Compact Deep Invariant Descriptors for Video Retrieval ...................................... 421  

Yihang Lou1, Yan Bai1, Jie Lin3, Shiqi Wang2,3, Jie Chen1,4, Vijay Chandrasekhar2,3,  
Ling-Yu Duan1,4, Tiejun Huang1,4, Alex Chichung Kot2,4, and Wen Gao1,4 

1Peking University, 2Nanyang Tech. University, 3Inst. for Infocomm Research,  
4NTU-PKU Joint Research Institute 
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Poster Session 
(listed alphabetically by first author) 

 

Adaptive Transforms for Inter-Predicted Residuals in Post-HEVC Video Coding ............. 433  

Thibaud Biatek1,2, Victorien Lorcy1, and Pierrick Philippe1,3 
1IRT b<>com, 2TDF, 3Orange Labs 

Optimization of Sample Adaptive Band Offset in HEVC ..................................................... 434  

Ya Chen1, Philippe Bordes2, Tangi Poirier2, and Fabien Racape2 
1RWTH Aachen-University, 1Technicolor 

Symmetry-Compressible Graphs ............................................................................................ 435  

Uroš Čibej and Jurij Mihelič 
University of Ljubljana, Slovenia 

Convolutional Neural Networks Based Intra Prediction for HEVC .................................... 436  

Wenxue Cui, Tao Zhang, Shengping Zhang, Feng Jiang, Wangmeng Zuo,  
Zhaolin Wan, and Debin Zhao 

Harbin Inst. of Technology 

Spike Camera and Its Coding Methods ................................................................................. 437  

Siwei Dong, Tiejun Huang, and Yonghong Tian 

Peking University 

Adaptive High Efficiency Video Coding Based on Camera Activity Classification ............. 438  

Gangadharan Esakki, Venkatesh Jatla, and Marios S. Pattichis 

The University of New Mexico 

Probabilistic Graphical Model Based Fast HEVC Inter Prediction ..................................... 439  

Meiyuan Fang and Jiangtao Wen 

Tsinghua University 

Rate-Distortion Optimization for Video Coding under Given  
Computational Complexity ..................................................................................................... 440  

Junkai Feng1, Saiping Zhang1, Fuzheng Yang1, and Shuai Wan2 
1Xidian University, 2Northwestern Polytechnical University 

Making Compression Algorithms for Unicode Text .............................................................. 441  

Adam Gleave and Christian Steinruecken 

University of Cambridge 

SATD Based Fast Intra Prediction for HEVC ....................................................................... 442  

Jiawen Gu, Minhao Tang, and Jiangtao Wen 

Tsinghua University 

Geometry Padding for Motion Compensated Prediction in 360 Video Coding .................... 443  

Yuwen He, Yan Ye, Philippe Hanhart, and Xiaoyu Xiu 

InterDigital Communications 
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Differential Gene Expression with Lossy Compression of Quality Scores  
in RNA-Seq Data ..................................................................................................................... 444  

Ana A. Hernandez-Lopez1, Jan Voges2, Claudio Alberti1, Marco Mattavelli1,  
and Jörn Ostermann2 

1EPFL SCI-STI-MM, 2Leibniz Universität Hannover 

Expanding Statistical Similarity Based Data Reduction to Capture  
Diverse Patterns ...................................................................................................................... 445 

Dongeun Lee1, Alex Sim2, Jaesik Choi3, and Kesheng Wu2 
1Texas A&M Univ., 2Lawrence Berkeley National Lab.,  
3Ulsan National Inst. of Science and Tech. 

Optimize Genomics Data Compression with Hardware Accelerator ................................... 446  

Weigang Li 

Intel Corporation 

Nonconvex Optimization with Alternating Direction Method of Multipliers  
for Tensor-Based Compressed Sensing with Group Sparsity ............................................... 447  

Yong Li1, Wenrui Dai2, and Hongkai Xiong1 
1Shanghai Jiao Tong University, 2University of California, San Diego 

Dual Error Bounded Trajectory Simplification ..................................................................... 448  

Xuelian Lin, Jiahao Jiang, and Yimeng Zuo 

Beihang University  

Seismic Data Compression Using Online Double-Sparse Dictionary  
Learning Schemes ................................................................................................................... 449  

Entao Liu, Ali Payani, and Faramarz Fekri 

Georgia Institute of Technology 

Visibility Thresholds in Reversible JPEG2000 Compression ............................................... 450 

Feng Liu, Eze Ahanonu, Michael W. Marcellin, Yuzhang Lin, Amit Ashok,  
and Ali Bilgin 

University of Arizona 

Wireless Image SoftCast Using Compressive Gradient ........................................................ 451  

Hangfan Liu1, Ruiqin Xiong1, Xiaopeng Fan2, Siwei Ma1, and Wen Gao1 
1Peking University, 2Harbin Institute of Technology 

Band-Wise Adaptive Sparsity Regularization for Quantized Compressed Sensing  
Exploiting Nonlocal Similarity ............................................................................................... 452  

Jing Mu1, Ruiqin Xiong1, Xinfeng Zhang2, and Siwei Ma1 
1Peking University, 2Harbin Institute of Technology  

Optimization of LIS and LIP Encoding for SPIHT-Based Image Compression .................. 453  

Heting Nie1, Xianwei Rong1, and Xiaoyan Yu1,2 
1Harbin Normal University, 2University of Nevada, Reno 

An Efficient Motion Estimation Method for QTBT Structure in JVET  
Future Video Coding ............................................................................................................... 454  

Sang-hyo Park and Euee S. Jang 

Hanyang University 

Compressing Tabular Data via Pairwise Dependencies ....................................................... 455  

Dmitri S. Pavlichin1, Amir Ingber2, and Tsachy Weissman1 
1Stanford University, 2Yahoo! Research 
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Cross-Color Channel Perceptually Adaptive Quantization for HEVC ................................. 456  

Lee Prangnell, Miguel Hernández-Cabronero, and Victor Sanchez1 

University of Warwick 

A Kirchhoff Migration of Seismic Data Represented by Orthogonal Matching  
Pursuit Coefficients ................................................................................................................. 457  

Fabian Sanchez, Carlos A. Fajardo, and Ana B. Ramirez 

Universidad Industrial de Santander 

Content Adaptive Embedded Compression ........................................................................... 458  

Yuxiang Shen1, Xiaolin Wu2, and Xiao Shu2 
1Hulu LLC, 2McMaster University 

Deep Blind Compressed Sensing ............................................................................................ 459  

Shikha Singh, Vanika Singhal, and Angshul Majumdar2 

IIIT Delhi 

How to Train Your Neural Network with Dictionary Learning ........................................... 460  

Vanika Singhal, Shikha Singh, and Angshul Majumdar 

IIIT Delhi 

Watching Videos with Certain and Constant Quality: PID-Based  
Quality Control Method .......................................................................................................... 461  

Yuhang Song, Mai Xu, and Shengxi Li 

Beihang University 

Early-Split Based Fast HEVC Encoding ............................................................................... 462  

Minhao Tang1, Xinyao Chen1, Jiawen Gu1, Yuxing Han2, and Jiangtao Wen1 
1Tsinghua University, 2South China Agriculture University 

An End-to-End Compression Framework Based on Convolutional  
Neural Networks ..................................................................................................................... 463  

Wen Tao1, Feng Jiang1, Shengping Zhang1, Jie Ren1, Wuzhen Shi1,  
Wangmeng Zuo1, Xun Guo2, and Debin Zhao1 

1Harbin Inst. of Tech., 2Microsoft Research Asia 

Distributed Quantization of Correlated Images .................................................................... 464  

Robert M. Taylor Jr. and Jeffrey P. Woodard 

MITRE Corporation 

ISA-L Igzip: Improvements to a Fast Deflate ........................................................................ 465  

Gregory Tucker, Roy Oursler, and Johnathan Stern2 

Intel Corporation 

Cruise UAV Video Compression Based on Long-Term Wide-Range Background ............... 466  

Xu Wang, Jing Xiao, Ruimin Hu, and Zhongyuan Wang  

Wuhan University 

Tree-Structured Vector Quantization for Similarity Queries ............................................... 467  

Hanwei Wu, Qiwen Wang, and Markus Flierl 

KTH Royal Institute of Technology, Stockholm 
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An Optimally Scalable and Cost-Effective Algorithm for 1/8-Pixel Motion Estimation  
for HEVC ................................................................................................................................. 468  

Wenhui Xiao1, Tingting Wang1, Huang Li2, and Hongyang Chao1 
1Sun Yat-Sen University, 2Purdue University 

Illumination Attributes Coding for Virtual Reality Broadcasting System .......................... 469  

You Yang and Qiong Liu 

Huazhong University of Science and Technology 

A New All-Zero Block Detection Algorithm for High Efficiency Video Coding .................... 470  

Haibing Yin, Hao Cai, and Huijuan Lu 

China Jiliang University  

Visual Experience Analysis for Polygon Mesh on Different Display Devices ...................... 471  

Youguang Yu, Jiarun Song, and Fuzheng Yang 

Xidian University 

Omnidirectional Video Quality Metrics and Evaluation Process ......................................... 472  

Vladyslav Zakharchenko, Kwang Pyo Choi, Elena Alshina,  
and Jeong Hoon Park 

Samsung Electronics Co., Ltd. 

Enhanced Block-Matching and 3D Filter for HEVC Screen Content  
Image Denoising ...................................................................................................................... 473  

Mengmeng Zhang, Shuai Wang, and Zhi Liu 

North China University of Technology 

Early CU Size Determination Based on Image Complexity in HEVC ................................. 474  

Mengmeng Zhang, Shipeng Dou, and Zhi Liu 

North China University of Technology 

Abnormal Event Detection in Surveillance Video: A Compressed Domain Approach  
for HEVC ................................................................................................................................. 475  

Yihao Zhang and Hongyang Chao 

Sun Yat-Sen University  

 
 


