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Visual Object Categorisation

* 2D (Planar) objects: Logos, book e« Faces: Detection, Verification,

covers, CD covers, labels g Spoofing Detection, Aging
Prediction

LIVE IN GERMANY
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* 3D rigid objects: Cars, hardware
product packages !M oy -
ar;

* Deformable objects: Clothes,
shoes, bags, toys ,

Solution Architecture
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Visual Object Visual Deep . . Surveillance &
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Visual Object ' Infrastructure Cloud
Database
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ROSE Partner Ecosystem
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Visual Object Search
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Science, Technology ]
SINGAPORE

and Research
—— Ministry of Education
SNGAPORE

DIRECTOR

Prof. Alex KOT, EEE
Biometrics, Face Spoofing,
Image Forensics, Fast Text
Image Detection

Faculty &
Key Staff

DIRECTOR

i@

Dr Dennis Sng
Systems Architecture,
Research Management

Prof. TAN Yap Peng, EEE Prof. JIANG Xudong, EEE Prof. CHEN Tsuhan, CoE Prof. LAM Kwok Yan, SCSE

Biometrics,
Face Recognition

Computer Vision,
Pattern Recognition,
Machine Learning

Image/Video Processing,
Face Recognition

Prof CAl Jianfei, SCSE
Computer Vision,
Image Segmentation

Distrib Systems Security,
Cyber-Security, Multi-modal
Biometrics

Prof. CHAU Lap Pui, EEE
Visual Signal Processing Algo))
Light-field Imaging, Human
Motion Analysis

Prof. YAP Kim Hul, EEE
Image/Video Processing,
Visual Object Search

Prof. YUANJunsong EEE
Vleo Analytics, Visual Object
Search , Anomaly Detection,
Object Tracking

Prof CONG Gao, SCSE
Mining Social Media,

Geo-spatial
Data Management

Prof Adams KONG, SCSE
Biometrics, Forensics,
Image Processing and

Pattern Recognition

Prof LIN Weisi, SCSE
Image Processing, Video
Compression
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Developing New Algorithms & Techniques

RESEARCH PROGRAMMES
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Core Activities

. . Video Multimedia
Indust Visual Object . .
ndustry Analytics & Forensics &
Partners Search . ’ .
Deep Learning Biometrics
(TRL 6-7)
e Visual Search for * Object Detection & * Image Forensics
Logo Recognition Classification * Face Spoofing &
. * Product Detection ¢ Anomaly Detection Liveness Detection
Translational L . -
R&D & Recognition e Multiple * Face Aging
(TRL4-5) e Compact Pedestrian Transformation
Dgscriptor for Detection e Fast Text Image
26 RSEs Visual Search e Cross Camera Detection
e Scene & Landmark Person Re- « Image Quality
Recognition Identification Assessment
¢ Vehicle Detection ® Person & Object
& Classification Tracking
Basic Research * Action Recognition
(TRL2-3)

s0pPhDstudents ~ Computer  Pattern Machine  Compact  Systems Arch
Vision  Recognition Learning Descriptors & Security
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Visual Object Search

Logo Detection & Localization Handbag Recognition Shoe Retrieval
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Verification vs Recognition

Is this Barack Obama? Who is this person?
— Verification (1-to-1) — Recognition (1-to-n)
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Detection

Where is PM Lee, Mr. Obama and Michelle Obama in thls picture?
— Detection (localization)
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Consumer Profiling

Human Human Profiling
Detector ‘ Parser ‘ Results
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Consumer Profiling: Sample Parsing Results

u Face

B UpperClothes

» Technoplaza - doorleft
\ e

W Hair

RightArm

W Pants

o LeftArm
RightShoe
LeftShoe

M Hat

M Coat
RightLeg
LeftLeg

M Gloves

m Socks

W Sunglasses

m Dress

W Skirt

W Jumpsuits

W Scarf
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Consumer Profiling: Sample Results
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Video Analytics & Deep Learning

Object Classification Pedestrian Detection Cross Camera Person Re-ID
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Cross Camera Human
Re-ldentification

Algorithm aims to recognize
an individual
— Same or Different Camera

— Overlapping or Non-

Overlapping “Different:

overlapping
cameras

Example Forensic Applications
— Searching for a suspect
— Evidence gathering
— Etc
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Front-end API Back-end API

*7 layer Siamese CNN *50 layer CNN

*Light weight and fast, but less *Have more computation power and
accurate. more accurate.

*Serves as a single camera-based fast  *Requires more computation
_scanning, filtering out obviously resources.
irrelevant person objects. *Roughly positive results can be

*Roughly positive results can be found in top-10 ranking in 80% of
found in top-25 ranking in most of time.
time.
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Multimedia Forensics & Biometrics

Face Detection & Recognltlon Face Spoofing Detection

() Genuine face sample (b) Spoof face sample

Fast Text Image Detection

Fast Text Image Detection

Detected as Text image
Time elapsed: 0.058 Seconds
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Face Spoofing Attack Scenarios

* Door Controlled Access

* Camera model & environment are known in advance.
* Spoofing detection can be easily done with deep learning or other
computer vision techniques.
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Face Spoofing Attack Scenarios
* Mobile Unlock/Payment

¢ Camera model, environment are not known in advance.
* Existing Algorithms can suffer from over-fitting problem.
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Big Data Availability
LARGE-SCALE DATASETS
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ROSE Shareable Datasets

Recaptured Image Video Object Instance
THE BODY SHOP ;
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ROSE Large scale RGB+D Action
Recognition Dataset

* 56880 Video Samples

* More than 4M frames

* 60 Classes

* 80 Views

* 40 Different Human Subjects
* Kinect V2 Sensor

Amir Shahroudy, Jun Liu, Tian-Tsong Ng, and Gang
Wang, “NTU RGB+D: A Large Scale Dataset for 3D
Human Activity Analytis”, IEEE Conference on
Computer Vision and Pattern Recognition (CVPR)
2016

R{OS Ropld Rlch Object Search Lab
= = = 5 =

ROSE RGB+D Action Recognition Dataset:

Comparison with other datasets

[ Datasets | Samples | Classes | Subjects | Views | Sensor ] Modalities | Year |
MSR-Action3D [4] 567 20 10 1 Kinect vl D+3DlJoints 2010
CAD-60 [12] 60 12 4 - Kinect vl RGB+D+3DJoints |2011
RGBD-HuDaAct [7] 1189 13 30 1 Kinect vl RGB+D 2011
MSRDailyActivity3D [14] 320 16 10 1 Kinect vl RGB+D+3DlJoints |2012
CAD-120 [3] 120 10+10 4 - Kinect vl RGB+D+3DJoints |2013
3D Action Pairs [5] 360 12 10 1 Kinect vl RGB+D+3DlJoints |2013
Multiview 3D Event  [19] 3815 8 8] 3 |Kinectvl RGB+D+3DJoints 2013
Online RGBD Action [?1] 336 7 24 | Kinect vl RGB+D+3DlJoints |2014
Northwestern-UCLA [16] 1475 10 10 3 |Kinectvl RGB+D+3DJoints |2014
UWA3D Multiview  [10] ~900 30 10 1 Kinect vl RGB+D+3DlJoints |2014
Office Activity [18] 1180 20 10 3 Kinect vl RGB+D 2014
UTD-MHAD [1] 861 27 8 | Kinect vI+WIS | RGB+D+3DJoints+ID | 2015
UWA3D Multiview 1T [Y] 1075 30 10| 5 |Kinectvl RGB+D+3DJoints {2015

[ Our dataset | 56880] 60 | 40[ 80 |Kinect v2 | RGB+D+IR+3DJoints [ 2016 |
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RGB+D Action Recognition Dataset
(372 Requests from 41 countries - Sept 2017)

Bangladesh, 1, 0%

Belgium, 1, 0%
Austria, 1, 0%_ ~Be8

Vietnam, 7, 2% /. Brazil, 4, 1%
Bulgaria, 1,0%

United Kingdom, 9, 2% | 7

Australia, 15, 4%
United States, 40, 11% Va

Canad

Turkey, 4, 1%. a, 6,

Tunisia, 4, 1% __
Taiwan, 8, 2%
Switzerland, 5, 1%

Sweden, 1,0%
Spain, 8, 2%._

Singapore, 7, 2%

China, 119,32%

Russia, 5, 1%

Romania, 6, 2% ™

Peru, 1,0%
Pakistan, 2, 1%
New Zealand, 1, 0%.

Netherlands, 1,0%_; Z /5
Myanmar, 3, 1% _~" /

Malaysia, 1,0%_ /
Luxembourg, 1,0% _/

Italy, 7, 2%, Czech Republic, 1, 0%

Israel, 1, 0% \_Egypt, 1, 0%

Iran, 8, 2% _~

Finland, 1, 0%

Indonesia, 1, 0%.

Hong Kong, China, 5, 1%/ Greece, 7, 2%

Industry

* Baidu

* Facebook Al Research

* HikVision

* IBM Research Tokyo

* Intel Labs China

* Microsoft Research Asia

* Mercedes Benz R&D
India

* Mitsubishi Electric

* Panasonic R&D S’pore

* United Technologies

Research

* Chinese Academy of
Sciences

* ETH Zurich

* INRIA

Academia

* UC Berkeley

* CUHK

* NUS

* Stanford U

* Tsinghua U

+ TUM

* Zhejiang U 35

Computing Density:
Training Platform for Deep Learning

GPU COMPUTING ARCHITECTURE
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ROSE Network Architecture Overview

2-GPU Server Cluster Storage Server Cluster
Node || Node || Node || Node || Node Node || Node Node | | Node | | Node | | Node
NTU Campus w1 || w2 || a3 || s || a5 |®99] w14 || w15 w1 || w2 || #3 || #a
Network °
1G Access Network 1G IPMI Network 10G Storage Network

8-GPU Server Cluster 4-GPU Server Cluster

Node || Node || Node Node || Node
.. w1 || #2 || #3 |90O] 4o || #10

Node || Node || Node Node
a1 || w2 || #3 |990] w6
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