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http://www.itseez.com 

Vision that works! 



Computer vision dimensions 
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Why do we need computer 
vision? 

•  F>GHDANM>@NC'HO>A>PJNHOQ'

•  RGNJA'K?EI>'LDJKI?CCN@BI'

•  S?>GIAJ?BL'

•  TDA>GNMB'UJ?KIJ'TLL?LAN@BI'RQLAIGL'

•  VNBO?@I'K?L?>@'WX?LDNC'?@LHIBM>@Y'

•  ZGNPI'JIAJ?IKNC'WI[P['\>>PCI'\>PPCILY'

•  V>K?I'HJ>EDBM>@'

•  ]>^>MBL'



Computational photography 

•  _?PO'EQ@NG?B'JN@PI'?GNP?@P'

•  `^aIBA'EIAIBM>@'



Smart video surveillance 

bIIE'?@AIJILA'>HIJNA>JLc'



•  `^aIBA'AJNBd?@P' •  FNJ'JIP?LAJNM>@'



vCount™ people counter 

http://vimeo.com/9830158 



vCount™ people counter 

http://www.vcount.ru 



vCount™ customers 



Biometrics 

•  e?@PIJHJ?@A'JIB>P@?M>@'
•  eNBI'JIB>P@?M>@'
•  ZJ?L'JIB>P@?M>@'



Facial feature detection 



Automatic driver assistance 
systems 

•  =IEILAJ?N@'EIAIBM>@'
•  fN@I'EIHNJADJI'gNJ@?@P'
•  e>JgNJE'BNJ'B>CC?L?>@'gNJ@?@P'
•  eNMPDI'EIAIBM>@'
•  X?LDNC'>E>GIAJQ'h>J'NDA>GNMB'@NK?PNM>@'



Machine vision 

http://www.youtube.com/watch?v=Kks9Vl2qhAg 



Robotics 

•  bNK?PNM>@'
•  \JNLH?@P''
•  _DGN@iJ>^>A'?@AIJNBM>@'



http://www.youtube.com/watch?v=GWcepdggXsU 



Grasping of transparent objects 



Driverless cars 

http://www.youtube.com/watch?v=bp9KBrH8H04 



Computer vision startups 

•  `^aIBAX?EI>'
•  Z@AICC?X?E'
•  Z@AICC?X?L?>@'
•  `JPN@?B'V>M>@'

•  jN@PNG'PNG?@P'
•  =J?GIRI@LI'

•  f?dI[B>G'

•  =>CNJ]>LI'
•  `BB?H?ANC'
•  =?B@?d'
•  =?k=Nk'
•  eNBI[B>G'

In no way complete! 



Computer vision dimensions 
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Sensors 

•  V>@>BDCNJ'BNGIJNL'
– T@NC>P'
– U?P?ANC'

•  RAIJI>'BNGIJNL'

•  RAJDBADJIE'C?POA'EIK?BIL'W=J?GIRI@LIY'

•  j?GIi>hil?POA'BNGIJNL'



Stereo camera 



Structured light sensor 



Lidar 



Mobile is important for CV! 
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Sensor fusion 

•  RI@L>JL'>h'OICHm'
– \=R'
– TBBICIJ>GIAIJ'

– \QJ>'



Computer vision dimensions 
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Why hardware matters 

•  TCP>J?AOGL'GDLA'^I'JINCMGIc'

•  [['T@E'H>gIJ'InB?I@Ac'



Computing hardware 

•  oG^IEEIE'EIK?BIL'
– e=\T'
– UR='
– T]V'

– oG^IEEIE'\=p'

•  RIJKIJL'
– F=p'
– \=p'



Computer vision dimensions 
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•  0)(#1)('$&'"&/(&$
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•  9/:1)('$



Software 

•  `HI@FX'
•  Z=='WZ@AICY'
•  b=='WbXZUZTY'
•  ZV\fZSq'XfZS'WjZY'

•  F>JIZGNPI'WTHHCIY'

•  eNLAFX'WrDNCB>GGY'



OpenCV Architecture 

st'



OpenCV and hardware: CPU 

Application 

OpenCV high-level 
function 

OpenCV low-level 
function 

Intel Integrated 
Performance 

Primities library 



Hardware optimization: Intel 
architectures 

•  NJ?AOGIMBNC'>HIJNM>@L'>@'CNJPI'GNAJ?BILu?GNPILm'
NEEq'LD^q'N^LE?v'i'

•  ?GNPI'wCAIJ?@Pm'I[P['GIE?N@'sxs'wCAIJ'?L' c'

•  PI>GIAJ?BNC'AJN@Lh>JGNM>@Lm'JIL?yI'?L'

•  AIGHCNAI'GNABO?@Pm''

•  CNJPI'GNAJ?x'HJ>BILL?@Pm'RXU'>h'z{xz{i|{{{x|{{{'
GNAJ?BIL'?L'



OpenCV and hardware: GPU 
Application 

CPU high-level 
function 

CPU low-level 
function 

GPU low-level 
function 

GPU high-level 
function CUDA (OpenCV) 

NVIDIA 
Performance 

Primitives Library 



OpenCV GPU Module 
Performance 

• jILCN'F}{z{'WeIJG?Y'KL['F>JI'?zi~�{'
}[Ä\_y'Wt'B>JILq'jSSq'RRoY'

sÄ'

;,*'+,"'$ <;=$5&$2;=$&*''#%*$

=J?G?MKI'?GNPI'HJ>BILL?@P' >?@A$
RAIJI>'K?L?>@' BA$
=IEILAJ?N@'EIAIBM>@'W_>\Y' CA$
X?>CNiÅ>@IL'hNBI'EIAIBA>J' DA$
Rp]e'GNABO?@P'WK?LDNC'
>E>GIAJQY'

EFA$



Computer vision HAL 
THHC?BNM>@'

FX'_Tf'

`HI@'L>DJBI'JIhIJI@BI'
?GHCIGI@ANM>@'

_NJEgNJI'KI@E>J'
?GHCIGI@ANM>@L'

_?POiCIKIC'B>GHDAIJ'K?L?>@'
NCP>J?AOGL'C?^JNJQ'

VIE?N'
?@AIJhNBI'



Important HAL issues 

•  =IJh>JGN@BI'KL'H>gIJ'

•  VIG>JQ'G>EIC'WAJN@LHNJI@A'KL'>HNÇDIY'

•  F>@AI@AL'WgONA'A>'HDA'?@Y'
•  F>@h>JGN@BI'

•  _IAIJ>PI@I>DL'B>GHDM@P'



Full-HD stereo in realtime 

http://www.youtube.com/watch?v=ThE7sRAtaWU 



Heterogeneous stereo vision 

•  ZGNPI'gNJH?@P'

•  F>JJICNM>@'hD@BM>@'
•  =>LAiwCAIJ?@P'



Opportunities 

•  \>>PCI'RDGGIJ'>h'F>EI''

– UINEC?@I'THJ?C'�c'
•  Z@AIJ@LO?H'NA'ZALIIy''

– UINEC?@I'A>G>JJ>gc'



WE’RE HIRING! 
a>^LÉ?ALIIy[B>G'



Q&A 


