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embedded

Outline VISI N
summit

= Landscape - Residential Communities in China
=  Problem — Why tracking in communities?

= Multi-modal tracking - framework and results

=  Tracklets
=  |dentity Stamping

= |dentity Conflation

=  Conclusions
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Residential Communities in China é’fﬁheddc-‘d’f‘{‘fz

summlt

Residential communities focus on the needs of households, providing secure
housing integrated with recreation, groceries, retail and lifestyle services.

Lifestyle & Retail
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Craftmanship creates quality life products

For 14 years, the Seedland Real Estate Group Co.,
Ltd. has been committed to the exploration and

innovation of human science and technology in all 1
&

\ A

aspects of life, connecting science and technology NG AT N , - g

j Qingdao : . ,
with humanities, and redefining human il A A e | | o "' = B 4
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Seedland Smart Community Ecosystem i

summit

Our goal is to pair smart home, smart community, signature smart premium lifestyle
services and intelligent logistics to provide a premier residential lifestyle experience.

Lifestyle Services 4 Intelligent Logistics )
A;m 1l ™ |
JoyHealth Remote Child Fresh Market Intelligent Cinema and Self-driving Delight Delivery
Service Health Education  (Vegetables/Meat) Vending Entertainment Car Robot
NS ° DZ2ANG . J
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W _—— Human-Centric
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Deliveries  Access
7! Control
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SLS Smart Community Solutions @ . 4

Intelligent security, child safety, people flow b i 20:° Smart Life System

analysis, intelligent delivery and contactless

access control based on real-time I0T, ‘ruejg s | | Community, Health, Business

cameras and Al.

Ry > £ THREE SLS SOLUTIONS

Operating in Guangzhou lvy

‘\‘l SLS Intelligent Community Health

Intelligent health situational back-tracing for

SLS Smart Business Services

Personalized and intelligent shopping through integrated

community-wide ordering, standardized delivery, Al customer

service assistance, intelligent business operations analysis.
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Why Community Tracking? VISI N
ngmlt

Community tracking delivers value to residents and property management
while strictly preserving privacy and allowing user opt-out.

Contact Tracing

I Contact tracing for non-
phone users (kids/elderly)

Playground Tracing

Only residents/approved
visitors enter child areas

Suspicious Tracing

Retracing paths of
suspicious behavior

Delivery Tracing
Delivery workers do not
visit unnecessary areas.

Lost Item Tracing

Prohibited Tracing : 7 :
Tracing rule breakers for QXS - L%;JD E Retracing to find lost
property management ’ -: *O — items, phones, toys, ...

S E E D L /\ N D © 2020 Seedland
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Combining Multiple Modalities ii}mlgalddti’(li

summit

A user will interact with multiple devices and multiple modalities in their journey.
Multi-modal allows us to see beyond cameras and generate semantic knowledge.

EN KN KN

o
e-o

1.Family Structure 2. Travel Habits 3. Consumption 4. Health 5. Community Graph
| e Eﬂ“ N . Multi-Modal Tracking
@ Building B t\#“ 1
Face Access - O (Ciardens : Detection (CenterNet ‘19)
Swipe Card ameras ﬁ_’ Vector Search (ANN)
App A RelD (OSNet ‘CVPR19)
A ;;—:fjg?-v_, H Face Attrib. (ArcFace CVPR19)
: @_, § |OT Conflation (Search)
=" (& Home e M : .
.- Home App -l :’2 i ",'.‘.":"‘ ) q ....................................... E.
S Ts Smart Devices - ' 4
‘-— Family -- TraveL;EConsumption Knowledge Graph
4 Gate A%, =
- @ . o "'&—‘.\ y I = LOD X X
g @ sho ‘ Fac.e Access L ‘Q%h v I» Real-time knowledge fusion
% P — Swipe Card \g”(" = . Real-time tagging (GBDT)
Orders App = o= > | o Real-ti h (RT Graph)
Membership o ed -.Ime grap. . e
(@)nran Health - Community Graph Relationship mining (Entropy)
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Challenges.of Tracking In Residential Communities VISITA

summit

Face-Based Identity Device-Based Identity

* Bias - Face recognition is
known to perform poorly
on children and elderly.

* Angle - High-positioned
security cameras make
recognition difficult.

Mobile phones are NOT
everywhere - children and
elderly.

Bluetooth-tracking low
penetration in China.

Must support do-not-
track.

Must support usage for
intended purposes only.

S==DOLAND
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User Consent and Tracking SRoedded

Ssummit

Obtain explicit consent during
smart gate registration

SO
FACE
RECOGNITION
SECURITY

Consent agreement clearly lists CAMERAS
specific user-value features — no 3
blanket permission for tracking

Non-ID associated short-term
tracking (eg. suspicious person
back-tracing) are implicitly agreed
to via security notice

S E E D L /\ N D © 2020 Seedland
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Cross-Day Stable User ID Tracking
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Global

Global User ID Conflation

ID =092

Global
ID =092

User Tracklet

—lr—

Door System

00

Pos System

Key Challenges
ID stable across days
= Real-time
= Cost-efficient
= Visual invariance (clothes, bags, hats, ...)
= Population bias (children, elderly).

Leverage multiple modalities while
real-time and cost efficient.

User ID =032 User ID = 041
ID Stamping » 0000
User Tracklet
Tracking » 4000 0 0
é é é é é é User Tracklet
Door
Access Payment
SEEDL/\ND © 2020 Seedland
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Cross-Camera Tracking (REID) ?rzﬁheddﬁ

summit

OSNet! multi-scale feature learning
robust to scale, camera-distance

Key idea: Recognize same person , _
. R Tracklet ID - Assign to entire track

aCross cameras by SearChmg d P N i (smooth per-frame noisy recognition)
continuously updated database of I gy N | PR P e B B B s

previously-seen entities B id | 014 | 014 | 014 | 012 | 014 | 012

m | 08| 09|09 | 07| 05| 08

@ Q @ ‘ ID-Aware ‘ Omni-Scale - Cross-Camera Tracklet
QO Tracking Embedding RelD Search ID Assign

Camera Group
h Seen Entity
Update

Detect new entities

Y

ID-aware tracking CenterNet (detection) + :
Kalman (trajectory) + id camera | exemplars | m Add new exemplars for

Seen Entities

dramatically improves
tracking MOTA and high FPS

known entities

Embedding Distance (identity) e 11 (] 0.8
C .

013 cd4 (o] 0.9

1Zhou, Kaiyang and Yang, Yongxin and Cavallaro, Andrea and Xiang, Tao, “Omni-Scale Feature Learning for Person Re-ldentification”, in The IEEE International Conference on Computer Vision (ICCV), 2019



Cross-Camera Tracking (REID) iﬂ?ﬁdﬁ

summit

OSNet?! learning

Recognize same person robust to scale, camera-distance

across cameras by searching a
continuously updated database of
previously-seen entities

(smooth per-frame noisy recognition)

T e

t 2 S 4 5 6 7

id 014 | 014 | 014 | 012 | 014 | 012

@ Q Q ‘ ID-Aware Omni-Scale
@ Q Q Tracking Embedding

Camera Group
Bﬁﬁ Q Embeddl g,

Detect
id camera | exemplars m Add for

known entities

CenterNet (detection) +
Kalman (trajectory) +
tracking MOTA and high FPS Embedding Distance (identity)
013 ca1 [.] 0.8

ID-aware tracking
dramatically improves

013 c4d [..] 0.9

Re-Mentification”, in The IEEE International Conference on Computer Vision (ICCV), 2019




Tracking Tasks and Public Benchmarks

Single-Camera Tracking — Detect and track a person within one camera

MOT16

Multiple Object Tracking-Benchmark

4MOTA IDF1 MOTP MT ML FP FN Recall Precision FAF ID Sw. Frag Hz

SeedTrack B68.7 w0: 7045 79.0 1,131 396 52,980 121,122 78.5 89.3 3.0 2571 4,080 591.9
(48.0) (16.8) 32.7) (52.0)

SeedLand: deep aggregation RelD tracker

Fair 68.5 990 71:6 80.3 915 417 36,831 138,351 75.5 92.0 2.1 2562 7,656 259
2.[07 (38.9) (17.7) (33.9) (101.4)

Zhang, C. Wang, X. Wang, W. Zeng, W. Liu. A Simple Baseline for Multi-Object Tracking. In arXiv preprint arXiv:2004.01888, 2020.

CTTrackl7 67.8+159 64¥ss 78.4 816 579 18,498 160,332 71.6 95.6 1.0 3,039 6,102 3.8
3.[00F (34.6) (24.6) (42.5) (85.2)

Cross-Camera Tracking (REID) — Identify the same user across different cameras

Query Rank-1 —> Rank-10

PURPTTTLT
TR
s i
»RER

Duke MTMC Set

S==DOLAND

;i!i ,

lighting changes scene and background changes

g
JRE
pose variations 0CC! usnons

RERRAN
| S )

MSMT17 Set

Method Benchmark Set Top-1 Accuracy
Market1501 DukeMTMC MSMT17
Seedland 951 88.6 787 1™
PCB 93.8 833 68.2 120M
BFE-Net 94.0 88.9 = 130M
DG-Net 94.8 83.6 77.2 108M

© 2020 Seedland
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Tracking is critical for down-stream understanding Sbedded

Learnings from ACM2020 Grand Challenge AT

e #1 position in the ACM 2020 Multimedia Grand
Challenge for Large-scale Human-centric Video
Analysis international competition.

Team Name # Institution MOTA Team Name # Institution w_AP@avg
e High ranked in down-stream intelligence (pose [1s] Adaptive iSEE-SYSU & s02282  fusd Seedland 57.5091
FairMOT ACCUVISION Seedland.Tech
. . . . L] L]
tracking, action recognition) primarily because of [ sierena seediand e Ve Nanonal | 565075
. . — - - University of
improved dense crowd tracking [3rd] Crowd- Xidian University 55,5163 Singapore
Tracker
[3rd] DH_IBA Dahua Technology 55.1719
Try private Amazon 47.8120
JDAI JD Tech & UESTC 55.0139
NewTracker Tencent 46.4815
WanDan UESTC 54.5282
ID-aware tracking Omni-scale embed
Team Name # Institution MOTA Team Name # Institution mAP@avg
Multi-Stage model ensemble Perspective/occlude augment [1st] Seedland Tech ~ Seedland 63.9686]  [1st] MSF YiTu & National 0.2605
University of
[2nd] Try YiTu & National 61.7941 singapore
m_’ University of
,ﬂs Singapore I [2nd] VIV Seedland 0.2548 I
( = ’}’qg;::—- & i [3rd] SimpleTrack Chinese University of 56.9834 [3rd] CF City University of 0.1531
= _’;f {;:: e Hong Kong Hong Kong
\\“%ﬁl . DeepBlueAl DeepBlueAl 55.1543 8A Tencent 0.1509
o Commander_test4 XFORWARDAIL 53.7671 only_person_rgb Sun Yat-sen 0.1086
University

S E E D L /\ N D © 2020 Seedland
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Cross-Camera Tracking (RelD) e

summit

OSNet?! learning

Recognize same person robust to scale, camera-distance

across cameras by searching a ﬁlf

(smooth per-frame noisy recognition)

. 3= f:: -~ -
continuously updated database of Sl P t | 2] 3] 4] 5] 6] 7
previously-seen entities - id | 014 | 014 | 014 | 012 | 014 | 012
m 0.8 0.9 0.9 0.7 0.5 0.8
Cross-Camera Tracklet
RelD Search ID Assign
Camera Group f ‘
Tu-, B e (RS "'g——“"
/ i :vh R 3 .
S ;_(_u.. T . Seen Entity
LR T . Seen Entities Update

Detect new entities
camera | exemplars Add new exemplars for
known entities

CenterNet (detection) +
dramatically improves Kalman (trajectory) +
tracking MOTA and high FPS m
C

c44

Zhou, Kalyang and Yang, Yongxin and Cavallaro, Andrea and Xiang, Tao, “Omni-Scale Feature Learning for Person Re-Identification”, in The IEEE International Conference on Computer Vision (ICCV), 2019



RelD Search — Efficient Vector Search ambedded

summit
Tracklet ID - Assign to entire track
.. th per-f - -
KD-Tree Search — Efficient large database vector search (smooth per-frame noisy recognition)
Partition tree at N level using (N mod k)th vector dimension t) 213/ 415167
id 014 | 014 | 014 | 012 | 014 | 012
BB - ~ m 0.8 0.9 0.9 0.7 0.5 0.8
' =
— = == Cross-Camera - Trackl.et
HEEEEEEEEEE RelD Search ID Assign
=== H == B B
HEE EEEEE EEEEEEEEEE
B = = = f
¥
“o ] - Seen Entity
oo ] Seen Entities Update
== Detect new entities
R R EEE———————.., id camera | exemplars | m Add new exemplars for
from DataScienceCentral known entities
013 c41 [...] 0.8
013 c44 [...] 0.9
S E E D L /\ N D © 2020 Seedland
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https://www.datasciencecentral.com/profiles/blogs/implementing-kd-tree-for-fast-range-search-nearest-neighbor

RelD Search Optimization

---’-,‘:Summr[’ |

* Tracking requires New IDs to propagate in real-time across camera groups.
* Multiple approaches to balance Recall vs. Compute Cost vs. Complexity.
* Near-exchange provides best balance for community

i REID Seen Entity .
;
: tth Approach Search Exchange Latency Recall Complexity
Camera Group1 CameraGroup2  Camera Group 3 Node-Inner N Linear Scan None Real-Time I;;?; é?;igatzz Trivial

Q Q Q Q @ Q @ @ @ Don't exchange IDs (MatMult) Ay

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Global Exchange ANN Periodic ANN Good but with

Inference Inference Inference NxK Search >30s Complex
All nodes get IDs earc Build latenc P
Node Node Node g (NxK large) y
REID
Search Near Exchange

Only physically near NxV Lir:ﬁ:tmﬁ)an Real-time Real-Time Good Near-Trivial
Ent|t|es Ent|t|e5 Entities nodes get IDs
Entity

Exchange Global + Near ANN + Periodic ANN More

Best of both NxK Linear Scan Build + Real-Time Best Complex
Seen Entity Exchange (delta) Real-time (delta) P

N = Expected Max # People / Node K= Number Nodes V = Propagate to V-nearest nodes (complexity vs. recall trade-off)

S E E D L /\ N D © 2020 Seedland
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Community. Tracking Challenges SR
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Similar
clothing

Workers
all look
the same

analogue
cameras

© 2020 Seedland
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Face Identity Challenges SHbedded

VIS 1N
summit

Real Community Data

- 06_62_ 07_51_ 07_53_ - 08_58_ 08_60_ 09_62_ _62_ 10_81_
201912270 201912292 201912252 201912291 201912251 201912261 201912261 201912252
311645831... 04640218... 05537140... 64704264... 63009448... 72141285... 82031505... 05356851...

| 1
| >
|

13_70_ 13_70_ 14_58_ 14_60_ 15_69_ 15_81_ 16_104_ 16_104_
201912290 201912291 201912271 201912290 201912291 201912291 201912281 201912281
$11922527... 70408136... 80139265... 92815952... 02036484... 11300018... 15147391... 83600559...

Challenging

B 2009

, e

: A<

aE EE EE RS
. \ . \

! i
My 52pg 128

L4

20581

2y 215232ipg A151002jpg  20150871jpg 19.81_ 20_51_ 20_53_ 21_77_ 21:77. 22 53_ 22 54_ 23.53_
201912291 201912291 201912251 201912252 201912291 201912292 201912280 201912291
-~ 12851394... 45047489... 71836628... 05700221... 21114843... 04109810... 74908237... 73554350...
W E R EEE SRS
!
4 A ‘ 4 \ 26_64_ 26_69_ 27_53_ 27 _53_ 28 104_ 28 104_ 29 _65_ 29 69_
s WSS NG N N9BGe A O  OSSm DM il criledl et dilda e e Seda ol
Frontal face, good lighting.
Population bias e.g. Students Lighting, angle, expression, occlusion, blur
Seedland 99.8 | ~090
very adverse! ~92% accuracy
Tencent 99.8 Seedland 95.5@1e-6
LFFW Student
Baidu 99.8 uaents .
SenseTime 18  94.2@7e-6
Dahua 99.8

S E E D L /\ N D © 2020 Seedland
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Multi-Modal Identity Stamping

2020

thpddpd

VISI 1IN
summit

A typical user journey through the residential community
has multiple touch points where user interacts with a
device.

Multi-Modal identity stamping uses device interaction +
visual features to convert the difficult identity task into an
easier verification task.

Gardens

| Building
L4 Door

Multi-Modal Identity Stamping

1. Use RelD to build cross-camera tracklet

2. Assign ID at key device interaction points

3. Stamp ID on tracklet after disambiguating

disagreements

ID point ID point

—0—0 0 00 0 0

User Tracklet

Examples of device Interactions in a user journey

; Main *  Face access systems
(. sh Gates =  Bluetooth pairing
- & op = Swipe card access systems
*  Shop POS payment
S E E D L /\ N D © 2020 Seedland
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POS data for Multi-Modal Association

53 _;_t;-j-;summlt
Cross-Camera Tracking +<—  Association Record
é é é é é é FaceFeature = (userlID, score) Convert hard ID task to easy
l \ REIDFeature =» (userlD, score) Verification task
U B e, . - = Synchronize POS+Camera events
. Yk TR <Eh = Verify instead of ID face
o5 e ‘ W Multi-Modal = Store Features as RelD Exemplar
QR to pay \ - of Identity for future tracking
‘ Stamping = Generate Association Record
%r;itzr ; . . Increases Precision by +30% abs. over face ID.
UserlD, Order Information, Key challenges is disambiguation — who is

Historical Visual Features

paying, who is waiting.

Camera Distance/Angle Recall Precision :
Face ID only 55% 63%
Ceiling - 3m/20° 52% 90% <

POS camera - 0.5m/10° 30% 93%




SLS v EREEL

" emmnm

liil

BEgt
BEFH

©

REES)

7859

HEBEMESRT

Smart Life System

TR
ERNLE

! RN
: @

=
™

e

78

ESMA . ® 0

26 T K24/ )\

4N 3A 2A

1A

1

E!ﬂﬁ‘ —_ N - 7THRS

KA

17:00 q
e 7ETISM: 38 ;.




2020

POS data for Multi-Modal Association embedded

VISI N
summit

Cross-Camera Tracking +— Association Record
FaceFeature =» (userlD, score)
REIDFeature =» (userlID, score)

Face feature

Propagate User ID from Door
Access to Visual Features

e Accumulate visual features
that historically co-occur
with card ID

- 1y | Multi-Modal
Swipe o - :
DoorCard  — FIREA=E= — Identl.ty « 1:N identification task, N is
| Body feature Stamping very small (<10)
Door
Access
Data CardID =» HouselD
Card is not unique to a person,
people may give cards to family sma" Set
members, visitors, .... Face ID
S E E D L /\ N D © 2020 Seedland
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Global Global
ID =092

Global User ID Conflation

e ID stamping User IDs are
system-unique, not global.
Door System Pos System
User ID =032 User ID =041
ID Stamping » 4 Real-Time User ID

‘ User Trackit Conflation probabilistically

associates User IDs into a

Tracking » 00000 global User ID space that is
e stable and unique per
é é é é é é = S— user.
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Retrieval-based conflation does real-time assignment of a
Multi-Modal Query event (text+visual) to a known set of stable
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Global User IDs. Multi-modal increases recall by 20% at same

. by Rank
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Query L1 Candidates L2 Re-reranked Candidates
Vil Rank Motch Rank
Strong ID Features s
phoneNumber 009 z WlLl(quC) Z U; 5(17 V; )
address
licensePlate 010 D oennn P -!'.:._-,‘_::_._----_----_._--.’.,.-.-!.___Y:aw; ___________________
2292 - ' Te-ello7T ~~o_
I Il ”,*’ ~~~~~~~ \\N\
Visual Features i Visual features Text features Visual features Text features
faceEmbed e I & THE s S
bodyEmbed b | (. . UserID vO | vl | . TO|TL|T2|T3].. ! ; vOo | vl | .. TO|TL|T2|T3].
visual attributes (age, sex) - U T ™ . i FoTmTTomTTmmTommToTomommommommommoooo
System Primary User IDs \ |
Strong ID Features \ Y } Y
Visual Features
Query Features Candidate Features

S E E D L /\ N D © 2020 Seedland

No part of this presentation may be reproduced in whole or in part in any manner without the permission of Seedland



T T

F0AFHAP

KA HBRAR

HER

AEPR

0

PR

ERAP

ERBE



;.....-.---.ihu-t
---_-_--_l‘-_-t_.
::..-n-_-“b.““-i
misss s a g a @ 00 0RRINY
:.y.-t.—--h-.-“..‘
....--_-s-tii‘-_‘..‘
__....._-_-_-_--_t_-.-i.‘_‘.

LU L B B
Y L
.-'i-.—-b.“t
._.+..-t-.-_-..““
" . ““‘
....-.-.-.-_. “‘.‘_h___

akp i #

,...--,,._-.-_““\1
'-..-‘““n_—
teee!
-ﬂ‘..._.w
P
. @ ‘-_-
o0 "
00
. L '
. ... ‘I-.-L
(A o !
- -.. .I.n- -__
000 it
'.- --_._..ﬂ
._-- --._._.
.-- ---.._
) -- oot
a @ L] .

Conclusions

, -_-_r_-_._.__
pan s . -";
:.._-._....._Irl_
ITEEREE R Iﬂ’.

T EE RN R R
+.---4-a.‘_.';
wrrrrr s enay W
R R R LI
N NN NN YYL] i1
R A R AT
._.._.-..-..‘-.-l-d-i.
_._...._.___.._-_-_-:’.

"ivias gy g

M
Z
<
J
M

S




2020

. mbedded
Conclusions VISt N

summit

i fii

Residential communities have Multi-modal tracking is a Privacy and true value for
many opportunities to vehicle for intelligent user residents must be a first-class

transform community, lifestyle experiences with significant citizen when playing in the
and retail with AIOT. benefits over vision-only. tracking space.
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