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Video Security requires IPNC
BUT:
- No one is effectively watching the 

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

…Compress video

…Stream video
Video



Davinci-based IP NetCam Design



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 

Option1: 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 out, local storage., PoE

Digital high-end
IP cam 

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

Option1: 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 mid-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 low-end 
IP cam

Features Product Types

IP Network Camera Product 
Features Classification 



Low-End IP Network Camera Solution

Sensor DM643x (LC) 
EMIF

EMAC

Network
10/100

DDR

Flash

DDR

DM643x (LC)
C64x+ 600MHz

Signal Processing Layer (SPL)
Components

MPEG4 encode (up to 720p 24fps) 
H.264 BP encode, D1 30fps
JPEG encode
Video Analytics

Codec Combos
Encode(MPEG4/H264) + VA

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

VPFE



Mid-end IP Camera

Sensor DM6446VPFE EMIF

EMAC

Network
10/100

DDR

Flash

DDR

DM6446
C64x+ 600MHz
ARM9, 300Mhz
VICP, VPSS(Image pipe)

Signal Processing Layer (SPL)
MPEG4 encode (up to 720p 24fps) 
H.264 BP D1 30fps
JPEG encode
Video Analytics
Codec Combos

Encode + VA
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



Hi-end IP Camera with Video Analytics

Sensor DM6446VPFE EMIF

EMAC

Network
10/100

DDR

Flash

DDR

DM6446 + DM643x
C64x+ 600MHz
ARM9, 300Mhz
VICP, VPSS(Image pipe)

Signal Processing Layer (SPL)
MPEG4 encode (up to 720p 24fps) 
H.264 BP D1 30fps
JPEG encode
Video Analytics
Codec Combos

Encode + VA
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

DM643x
Video Analytics 

DDR

DDR
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New 
Product Idea

The DaVinci 
Effect 

Goal: Accelerate Time to Market

Create SW Foundation Product 
Differentiation

Leverage 
DaVinci SW 
Foundation

Leverage 
DaVinci SW 
Foundation

More time for 
Product Differentiation

Product 
Differentiation

Shorter development cycle  and/or

Standard multi-media product development
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IPNetCam Hardware Block Diagram
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Conductor 
thread

Networking 
module

Object Video

TI/DaVinci 
components

Video/Audio 
Analytics

Motion 
detection

Event detection
Object tracking

Object 
recognition

Analysis 
Control

Rules Setting/Config

Hi-res
Codec

MPEG4  SP
H.264 BP, MP

Audio 
Capture

Audio 
Coding

G.711, G.729

Pre-
processing
Camera 
compensation, 
Watermark

Image 
quality

Bit-rate 
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size 
control

Pre/after
-motion 
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Image Pipe
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Downsampling
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Camera 
Control (CCM)
Auto Focus
Auto White Balance
Auto Exposure

Low-res
Codec

MPEG4  SP
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Audio 
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Signal Processing Layer (SPL) Application Processing Layer (APL)

Text to 
Speech 

synthesis

Vocal Tract 
Model Opensource, 

3P, MontaVista

IP Network Camera Processing modules



Software Challenges to Building a Video Product

Human Factors Interface, Value Add

Customer Product Idea

Codecs: Video,Imaging,Speech,& Audio S
Requires expertise in a variety of different domains
Several man years to have a hardened codebase

SoC, DSP, ARM, EDMA, Peripherals

Drivers, TCP/IP, Middleware, OS



Transitioning from Bare-deck Silicon
to Silicon with Component SW 

Device
EVM
Tools

Silcon + SWSilicon

2

Ease of Use and Rules (building codes)

Pretested Component-ware 
(windows, walls, doors)
Drivers
Codecs
Pretested subsystem-ware (floor plans)
Codec combos
Integrated drivers in OS

Rules for replacing components
APIs, Framework (Abstraction ware)



Pick video codec/VCA for a IPNC



DaVinci Programmers Model 
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Three layers ...  Application layer, IO 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



DM644x™ Software Architecture

� Drivers tightly integrated into OS 
� Optimized software leveraging 

peripherals, Enhanced DMA, etc. 
� Input & output streaming using 

Camera, LCD, HDD, Networking,...

Signal Processing Layer
(SPL)

Application Layer (APL)

� Signal Processing 
algorithms … Codecs

� Abstraction and Easy to use 
software … Codec engine

� Optimized software 
leveraging architectural 
features of processor & 
system

� Realtime OS … DSP/BIOS™

VI
SA

 A
PI

EPSI API

Linux Open
Source
Community
Software

Gstreamer
FFMPEG
OpenHelix
Mplayer
etc

Customer’s 
Value-Added

Differentiation

xDM API

1

Input-Output Layer (IOL)



Signal Processing Layer (SPL)

Scalable IPNetcam SW Architecture based 
on xDM and Codec Engine 
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Application Layer (APL)

EPSI API
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802.11 Storage DSP/Link



Signal Processing Layer (SPL)

VISA
Complexities of the Signal Processing Layer “SPL”
are abstracted via the Codec Engine and VISA API
VISA API are the user interface to the Codec 
Engine
VISA = 4 processing domains :   
Video   Imaging   Speech   Audio
Separate API set for encode and decode
Thus, a total of 8 API classes:
VIDENC IMGENC SPHENC AUDENC
VIDDEC IMGDEC SPHDEC AUDDEC
Key API in each set (where “xxx” is one of the 
groups above):
xxx_create xxx_delete
xxx_process xxx_control
The experienced DSP programmer can employ a 
ready-made Signal Processing Layer, create an 
SPL from packaged or ‘raw’ xDM algos, or author 
their own algos depending on their needs and skills 
with DSPComplexity

Codec Engine

TI authored framework

VISA
API

xDM algo 1 xDM algo 2 xDM algo 3xDM algo Q

Video
Imaging
Speech
Audio

create()
control()

process()
delete()

Reducing dozens of API to 4 sets
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VID_ENC

VID_DEC

IMG_ENC

IMG_DEC

SPH_ENC

SPH_DEC

AUD_ENC

AUD_DEC

VISA API MOD_create
MOD_delete
MOD_process
MOD_control

Codec Engine: framework for xDAIS-DM algos

IVID_ENC
(xDM algo)

IVID_DEC
(xDM algo)

IIMG_ENC
(xDM algo)

IIMG_DEC
(xDM algo)

ISPH_ENC
(xDM algo)

ISPH_DEC
(xDM algo)

IAUD_ENC
(xDM algo)

IAUD_DEC
(xDM algo)

algNumAlloc
algAlloc
algInit
algFree
algActivate
algDeactivate
algMoved
process
control

VISA Abstracts Details of xDM Algos
Application author controls algos via high level VISA API
xDAIS-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() + algInit()

18



APL Signal Processing Layer (SPL)
Codec
Engine

Mapping Software to Hardware : Crossing Processor 
Boundaries  w/- Remote Procedure Calls
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Scalable Architecture based on
xDM and Codec Engine 

Signal Processing Layer (SPL)

5

Application Layer (APL)

EPSI API

VI
SA

 A
PI
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Input
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Preprocess JPEG
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Audio Video 
Streaming

Connectivity

Video Analytics App

Encryption

Rules mgmt

System 
Management

Manufacturing 
Diagnostics User Diagnostics

Input/output Layer (IOL)

Customer’s Value Added Application

Video Audio EMAC

802.11 Storage DSP/Link

DM644x DM643x DMxxx

ARM + DSP DSP Next Gen SoC
Select device based on feature/performance requirements
Similar SW developer experience across devices



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).



Audio

Voice / Speech

Video / Imaging

Encoders
WMA8, AAC LC, HE-AAC

Decoders
MP3, WMA9, AAC LC, HE-AAC, AC-3

Wireless Voice Codecs
GSM-AMR, GSM-FR, GSM-EFR, EVRC, 
WB-AMR – G.722.2

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

G.711

Encoders
MPEG-4 SP, H.264 BP, JPEG

Decoders
MPEG-4 SP, H.263 p0, H.264 BP, H.264 MP, 
MPEG-2 MP, WMV9 MP/AP, VC1, JPEG

DM643xDM644xTI Digital Media Software

2007

2007

Now

Now

Now

1H07

1H07

1H07

2H07

2H07

Now

Now

1H07

2H07

TI Digital Media Software

Production In Development Future



Video Analytics System Architecture

TCP/IP 
Network

System 
Server

Rule Management 
Tool

System Configuration Tool

Network IP 
Camera(s) with 
Video Analytics

Alert Console

Client 
Applications



VCA Packages
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
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Examples of Davinci-based IPNC



Configuration of a Davinci-based IPNC



Video streaming of a Davinci-based IPNC



VCA setup of a Davinci-based IPNC
 

Rules Area



Alerts of a Davinci-based IPNC
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Conclusion: Accelerating Video Innovation
From Idea to Realization

Drivers, OS

Codecs

Codec Engine

Your 
Application
Software

TI Software Platform



Thanks!


