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Agenda

" Davinci enables various IPNC design for video security
" Video security requires IPNC
" Low/medium/high-end IPNC based on IPNC

" Design a IPNC based on Davnici
" Challenges to building a Video Product
" System overview
" Pick codec and Video analytics for a IPNC
" Leverage Davinci technology for IPNC

" Some examples of Davinci-based smart IPNC
" Conclusion
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Video Security requires IPNC

BUT:
i ...Compress video : : .
Video > PEssVIeeO_ No one is effectively watching the
...Stream video video

- No one is alerted when something
of significance happens

- Events are not being mined

- Network bandwidth and storage
used for the 98% of video that is
never used

- When something does happen,
video is too low quality

- When something does happen,
video searching is a manual, real-
time process

Minds in Motion

" L i -3
Technology for Innovators™ Wi TEXAS INSTRUMENTS




TI|DeveIoper Conference

Davinci-based IP NetCam Design

®)

TI DaVinci™ MontaVista
technology Linux

ObjectVideo
OnBoard Application
Analytics
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IP Network Camera Product
Features Classification

Product Types

Features

Digital low-end
IP cam

Resolution: CIF to D1, ~10-20 fps.

Video Compression: MJPEG, MPEG4-SP enc 4Mbps, H.264
Multistreaming: None. JPEG images only when event captured.
Analytics: Video motion detection. Light on/off detection.
Preprocessing: None. Assumes CMOS sensor.

Other: IP Streaming

Digital mid-end
IP cam

Resolution: D1, 30 fps
Video Compression: MPEG4-SP enc, MJPEG, H.264-BP enc
Multistreaming:

Optionl: Hi-res (MPEG4-SP, D1,30fps, 2Mbps) + Low-res(MPEG4-SP, CIF,15fps). JPEG images only when event
captured.

Option 2: Hi-res(H264-BP, VGA, 25fps, 1.3Mbps) + JPEG images only when event captured.

Analytics: Video virtual-wire detection, Object tracking, Object Classfication (human/non-human), Object Size Filters,
Object Size Change Filters, Camera motion, Salience Filters, Schedules

Preprocessing: De-interlacer, sensor-compensation, (CMOS & CCD camera support), white-balance, auto exposure
Other: IP Streaming, Pan, tilt, zoom in and out, local storage, PoE

Digital high-end
IP cam

Resolution: 720p, 1080i/p, 10-30fps.

Video & Audio Compression: MPEG4-SP, MJPEG, H.264-BP, SVC, Audio (G.711, G.729AB) (optional)

Multistreaming: triple streaming
Optionl: Hi-res (MPEG4-SP, 720p,30fps, 5-8Mbps) + Low-res(MPEG4-SP, D1,15fps). JPEG images only when
event captured.
Option 2: Hi-res(H264-BP, 720p, 30fps, 5-8Mbps) + Low-res(H264-BP) + JPEG images only when event captured.

Analytics: Same as Mid-end + Appears Event Detection, Disappears Event Detection, Loitering detection, behavior
detection, human/vehicle counting, speed classification, facial recognition.

Preprocessing: white-balance, auto exposure, sensor-compensation, de-noising, low-light compensation, Watermarking

Other: Secure IP Streaming with AES, pan, tilt, zoom in and ourplﬂial siraie.l ﬁi l.. -
N
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Low-End IP Network Camera Solution

DM643x (LC)
B C64x+ 600MHz
Network M Signal Processing Layer (SPL)

10/100 = Components

+ " MPEG4 encode (up to 720p 24fps)
v " H.264 BP encode, D1 30fps

DDR EMAC = JPEG encode

" Video Analytics

VPEE SV i " Codec Combos
DM643x (LC) ® Encode(MPEG4/H264) + VA
B Application Processing Layer (APL)
" Linux + BIOS
® Camera Controller
" Network Interface

" Input Output Layer (IOL)
" Drivers for all peripherals
" Image Pipe Control

"Benefits

" Multi Codec support

® Multi stream support

" Video Analytics option

Minds in Motion
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DM6446

B C64x+ 600MHz

B ARM9, 300Mhz

B VICP, VPSS(Image pipe)

B Signal Processing Layer (SPL)
" MPEG4 encode (up to 720p 24fps)
" H.264 BP D1 30fps

DDR  EMAC = JPEG encode

" Video Analytics

]
vere DMB446  EMF—]Flash LS oS

B Application Layer (APL)
" Linux Host
® Camera Controller
" Network Interface
" Image Pipe Control

® Input Output Layer (IOL)
" Drivers for all peripherals

Benefits

" Encode with Video Analytics capabilites
" Multi streaming support

" Tightly integrated

Minds in Motion
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DM6446 + DM643Xx

B C64x+ 600MHz

B ARM9, 300Mhz

B VICP, VPSS(Image pipe)

Network
10/100 B Signal Processing Layer (SPL)
DDR > = MPEG4 encode (up to 720p 24fps)
v " H.264 BP D1 30fps
DDR  EMAC = JPEG encode
" Video Analytics
Sensor H»VPFE DM6446 EMIF Flash " Codec Combos
® Encode + VA
B Application Layer (APL)
X ® Linux Host
= Camera Controller
v " Network Interface
" Image Pipe Control
DM643x ¥ Input Output Layer (IOL)
> Video Analytics " Drivers for all peripherals
Benefits
DDR . . . -
X " Encode with Video Analytics capabilites
v " Multi streaming support
DDR " T '
Tightly 'ntﬁfﬁﬁs in Motion
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" Davinci enables various IPNC design for video security
" Video security requires IPNC
" Low/medium/high-end IPNC based on IPNC

" Design a IPNC based on Davnici
" Challenges to building a Video Product
" System overview
" Pick codec and Video analytics for a IPNC
" Leverage Davinci technology for IPNC

" Some examples of Davinci-based smart IPNC
" Conclusion

Minds in Motion
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Goal: Accelerate Time to Market

Standard multi-media product development

New Product
Product Idea Create SW Foundation ifferentiatio

1 7

' The DaVingci ]

Effect ‘y

/€Ie Product B
PRSI ®  fferentiatio

Foundatio

7

Shorter development cycle and/or

Leverage

- More time for
DaVinci SW . e
Foundatio Product Differentiation

Minds in Motion
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IPNetCam Hardware Block Diagram

CPU Board
JTAG
64 MB
NAND Header
— +5V Flash connector for
12VDC Input Power > +3.3V 802.11big
Regulators— 41 gy ITAG / .
—_— EMIF
+1.2V VLYNQ - d
Interface V' 16
Image Dat /
. PxelClock., Level T Imageln I ATA Level
CCD/CMOS Hsvne Converters™ Shifter €
Camera Input 1 Vevnc e
| vsync —_—
— DDR2 .+32 64MB CF
Stereo Out 2C bus DM6446 Interface DDR2 Connector
(3.5mm Stereo Audio DaVinci™
Jack) Codec +——McBSP
AIC23B Ethernet Ethernet Magnetics RJ45 Connector
Mono Input . vMac || 3 '[j
(3.5mm Stereo PHY Isolator 10/100Mbps
Jack) 2c
I Interface UART 0
4 pin
ITAG He:\)der
MSP430
(RTC)
Battery T l GPIO Interface
Opto
Eiie Isolator

PCB Terminal Block
3-way Connector

PCB Terminal Block

4-wa

Connector
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TI|Developer Conference |P Network Camera Processing modules

Application Processing Layer (APL)

Hi-res

Codec
MPEG4 SP
H.264 BP, MP

Bit-rate
control

Image
size

Low-res control

TS [FIEE Codec —

e MPEG4 SP Image
ownsampiing el

ereE H.264 BP, MP quality

Resize

Codec Engine

Pre/after
-motion
recoding

Video/Audio

Analytics

G Motion Analysis

Control (CCM) detection Control

Auto Focus Event detection

Auto White Balance Object tracking

Auto Exposure Object _ )
recognition Rules Setting/Config

p Audio

[ ] Audio .

’ Coding

Microphone |:| -(I;-cl)ln[')]gg:]r(]gc[:ts

B Olgensource_,
3P, MontaVista

[ ] Object Video
] Customer’s App

) Audio
Playout

Speaker
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Software Challenges to Building a Video Product

Customer Product Idea

Human Factors Interface, Value Add

Codecs: Video,Imaging,Speech,& Audio m

SoC, DSP, ARM, EDMA, Peripherals

Drivers, TCP/IP, Middleware, OS

¢ Requires expertise in a variety of different domains

¢ Several man years to have a hardeRIﬁd goﬁle Seon
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Ti|Developer Conference 17@NSItioning from Bare-deck Silicon
to Silicon with Component SW

Silicon  Silcon + SW

Device v
EVM v
Tools v

SHANEX S

Pretested Component-ware

(windows, walls, doors)

Drivers

Codecs

Pretested subsystem-ware (floor plans)

Codec combos

Integrated drivers in OS

Ease of Use and Rules (building codes)

Rules for replacing components

AN NN N NN BN

APIs, Framework (Abstraction ware)
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Pick video codec/VCA for a IPNC

A B C I E F G

1 |Signal Processing modules Res. FPS|  coding made bitRate Average MHz | Peak MHz
2 |MPEG4 (Tl version 1.1) D1 0 CYBR Mbps 308 320
3 |MPEG4 (Tl version 1.1) CIF 15 CVER 2ohlkbps 45 43
4 |H.264 (Tl version 1.1) D1 0 CYBR 1 IMbps 373 431
5 H.264 (Tl version 1.1) YA fid] CVER 1. IMbps 291 327
B [JPEG (Tl version 1.1) D1 15)  constant QP GP=40 b5 bb
7 [YCA [ObjectVideo) EYOA 10 140 0
0

Y |Application case

10 \MPEGA D1 @30fs + MPEGA CIF @ 15fps + JPEG D1 @ 15fps 418 435
11 \MPEG4 D1 @30 +VCA QVGA 10fs 433 53l
12 |H.264 WGA 25 @ 2565 +WCA QYGA 10Mps 451 537

Minds in Motion
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+ Three layers ... Application layer, 10 layer, and Signal Processing layer

+  Signal Processing layer
+ presents VISA APIs to all other layers
+ implement codecs using xDM APIs,
« implements all other algorithms using xDAIS APIs
+ buffer based processing, decoupled from all other layers
+ delivered as
+ .lib for uniprocessor SoCs,
+ .out for multiprocessor SoCs
« Input output layer
+ presents EPSI APIs to all other layers
« Implements peripheral drivers
+ generates an interrupt to APL whenever a buffer is full
+ buffers in shared memory, only pointers are passed
+ Application layer
« Implements the conductor thread, GUI, middleware,etc.
+ orchestrates all input and output streams to other layers

+ interfaces with the other layers as built-in library functions
Minds in Motion
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Linux Open
Source
Community
Software

+ Gstreamer
FFMPEG
OpenHelix
Mplayer
etc

*

*

*

*

Application Layer (APL)

A
— Customer’s
— Value-Added
T Differentiation
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TI|Developer Conference  SCalable IPNetcam SW Architecture based
on xDM and Codec Engine

Application Layer (APL) Signal Processing Layer (SPL)

Codec Engine Resource Serve

Instance Ihstén(‘.e
xDM xDM

MPEG4 H264

VISA API

- . Conductor
Encryption Connectivity
Video Analytics Audio Video
Rules mgmt -
Manufacturing ~ User System JPEG
Diagnostics Diagnost Management

ics
EPSI API E— — TS
Input/output Layer (IOL) XDM

1NSd

IdV MS1 N3N

Video Water-
Video Audio EMAC Analytics marking
Output
802.11 Storage DSP/Link buffers _
USP Link DSP/BIOS

Iecnnoiogy 1or iInnovartors WP IEXAS INSTRUMENTS
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= Complexities of the Signal Processing Layer “SPL”
are abstracted via the Codec Engine and VISA API

create() Video " VISA API are the user interface to the Codec
control() Imaging Engine
process() Speech ®  VISA =4 processing domains :
; Video Imaging Speech Audio
delete VISA '\ ' aAudio
0 API "  Separate API set for encode and decode
®  Thus, atotal of 8 API classes:
_ VIDENC IMGENC SPHENC AUDENC
Codec Engine VIDDEC IMGDEC SPHDEC AUDDEC
T authored framework " Key APl in each set (where “xxx” is one of the
groups above):
XXX_create xxX_delete
Signal Processing Layer (SPL) XXX_process xxx_control

SPL from packaged or ‘raw’ XDM algos, or author
< } } } | > their own algos depending on their needs and skills
Complexity with DSP

®  The experienced DSP programmer can employ a
- - xDM algo Q ready-made Signal Processing Layer, create an
1 1 1

Reducing dozens of API to 4 sets . ; ;
J Minds in Motion

Technology for Innovators’ Wi TEXAS INSTRUMENTS




Ti|Developer Conference VISA Abstracts Details of xDM A|gOS

¢ Application author controls algos via high level VISA API
¢ XxDAIS-DM (xDM) algorithms implement an enhanced xDAIS interface
¢ Codec Engine is a framework that implements VISA fxns on xDM algos
+ eg: MOD _create() = algNumAlloc() + algAlloc() + MEM _alloc() + alglnit()

Codec Engine: framework for xDAIS-DM algos algNumAlloc
aIgAI_Ioc
IVID_ENC | IMG_ENC | ISPH_ENC | IAUD_ENC [l
(xDM algo) | (xDM algo) | (xDM algo) | (xDM algo) Belsl=f=E

algActivate

algDeactivate
IVID_DEC | IIMG_DEC | ISPH_DEC | IAUD_DEC BRI

(xDM algo) (xDM algo) (xDM algo) (xDM algo)

process
control

Technology for Innovators™ Wi TEXAS INSTRUMENTS
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Scalable Architecture based on
XxDM and Codec Engine

TI|DeveI0per Conference

Application Layer (APL)

xDM xDM
- xDM xDM
Manufacturin . . SYEEN
izeren B JPEG
EPSI API -$
Input/output Layer (IOL) I xDM xDM
ideo Water-

VISA API

Video Audio EMAC

Output

802.11 Storage DSP/Link buffers
5
DM644x DM643x DMxxx
ARM + DSP DSP Next Gen SoC

. I Vi n f r rformance requl n :
S_e Qct device based o eatt_J e/performance _eqﬁﬁ{% IE%Motlor‘E
+ Similar SW developer experience across devices
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Benefits of xDM and Codec Engine

xDM
+ XDM is a standard interface for Signal Processing functions.
+ Insulates Application Layer from Signal Processing Layer
+ APL developer can continue to develop in parallel to SPL
+ Easily replace SPL components

+ newer versions can be easily plugged in without changes to
APL

+ replace one member of a class with another eg H264 with
MPEG4

Codec Engine
+ abstracts interprocessor communication

+ high level abstraction of the complexities of signal processing
layer

+ low-level control of algorithms (bit-rate, frame-rate, resolution).

Minds in Motion
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Tl Digital Media Software

Tl Digital Media Software DM644x DM643x

Video / Imaging

Decoders

MPEG-4 SP, H.263 p0, H.264 BP, H.264 MP, < Now

MPEG-2 MP, WMV9 MP/AP, VC1, JPEG

Encoders
 Now | { 2007

MPEG-4 SP, H.264 BP, JPEG

Voice / Speech
G.711 \

Wireline Voice Codecs
G.722, G.726, G.723.1, G.729AB

Wireless Voice Codecs

Now
GSM-AMR, GSM-FR, GSM-EFR, EVRC,

WB-AMR - G.722.2
Audio

Decoders 4
MP3, WMA9, AAC LC, HE-AAC, AC-3 Now
Encoders 4
WMAS, AAC LC, HE-AAC Al

Eoveomit pe—y Minds in Motion

Production
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Video Analytics System Architecture

1 System

Network IP
Camera(s) with
Video Analytics

TCP/IP
Network

Rule Management

System Configuration Tool

Alert Console

Client
Applications

Minds in Motion
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" Package A:
" Tripwire Event Detection
" Object Classification (standard)
" Object Size Filters (standard)
" Object Size Change Filters (standard)
= Salience Filters (standard)
" Schedules (standard)

" Package B - All of Package A plus
" Appears Event Detection
" Disappears Event Detection
" Scene Change Event Detection

Minds in Motion
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" Davinci enables various IPNC design for video
security

" Video security requires IPNC
" Low/medium/high-end IPNC based on IPNC

" Design a IPNC based on Davnici
" Challenges to building a Video Product
" System overview
" Pick codec and Video analytics for a IPNC
" Leverage Davinci technology for IPNC

" Some examples of Davinci-based smart IPNC
" Conclusion

Minds in Motion

Technology for Innovators’ Wi# TEXAs INSTRUMENTS



TI|DeveIoper Conference

Examples of Davinci-based IPNC

Minds in Motion
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Configuration of a Davinci-based IPNC

.

ﬂnm:ni

SYSTEM MANAGEMENT CONTROL CENTER HMONITORING OPTIONS ALERT GPTICN SYSTEM MAIAGEMENT CONTROL CENTER MOINTORING OPTIONS ALERT OPTION

Upgradsa it [0 50r WARE UPGRADE AUDIO VIDEO CONFIGURATION
[ Take Sackup of Firmmesma _ Erabie ideo | Enshle Audio Send Audic S
CAMERA RESTART
RESTORE FIRMAARE

ANALOG GAI MGITAL GARI
VIEW SYSTEM LOG

“EHl« 000000000 P [« DO0000CROC » |

GREEN 2

« OCO0CO0@®OC0 »‘ (€ DO0COCC@O00C »|

M ¢« 00000000 »| [« DOCOOC@O0C »

B ¢« 000000000 »| [« DODOOO®OO »

Minds in Motion
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Video streaming of a Davinci-based IPNC

ﬂmmns covanaon (e )

Play Etop

Minds in Motion
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VCA setup of a Davinci-based IPNC

mllﬁnllls CONFIGURATION VIDEO RULES ALERTS HELP |LOGOUT mm:mns

@ MONITORING FOR EVENTS RULES Rules Area ADDING & WEW RULE
m i Orioft RLLEHUE [criprieel
CAMERA MONITORED g1 Edit | Delete :
if anything crosses trpwire LILCTweLH CCanss vew Cwnges | Lz in
appear Edit | Delete

if anything appears O aryiin ] [ T [l
m UPDATE SCRFTIE | Detudk ¥ | Shrw Daiaid Srhedds

serLiee Con @0H S Deront sy

RESPONSES

LLERT KESSACE

+
Trpreira Guidling
REFRESH

Tonckands Vigeasia, il C o I fegiaion:Buton fhan specify sfad
adeni itz ol 1l Teigeadon Dy o eaire & spjin0gies ploda on

1ha g
Always Manitor for Events

SVE || SiRICEL

Minds in Motion
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Alerts of a Davinci-based IPNC

ﬁmnws

@ MONITORING FOR EVENTS

ALERT MIESSAGE SHAPSHOR

Human crosses p-vina rom
2 Wlan 2007 0xs2 A drenion kit o rigit
1 arnihing crosses {rp-are

vehcle crozses irp-wire from
02 Jan 2007 035216 direction right 1o et
i arryhing Crogdes 1rpire

Snspehicls

Minds in Motion
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® Davinci enables various IPNC design for video
security

" Video security requires IPNC
" Low/medium/high-end IPNC based on IPNC

" Design a IPNC based on Davnici
" Challenges to building a Video Product
" System overview
" Pick codec and Video analytics for a IPNC
" Leverage Davinci technology for IPNC

" Some examples of Davinci-based smart IPNC
" Conclusion

Minds in Motion
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Conclusion: Accelerating Video Innovation
From Idea to Realization

Codec Engine

Drivers, OS

Your
- Application
Software

~ap

Codecs

T1 Software Platform

Minds in Motion
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