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ABSTRACT

Intelligent video surveillance, which is based on digital and networked
technologies, represents the orientation of the current video surveillance.
Different from traditional video surveillance, intelligent video surveillance,
which is based on video capture and coding, is able to detect and recognize
specific objects, discover abnormal situations, then respond to it and alarm in
time. Intelligent video surveillance is now extensively utilized in various
areas like security, traffic control and business service, which enjoys a
promising market prospect.

Many technologies of computer vision and digital image processing are
utilized in intelligent video surveillance, and we focus on the essential
technologies such as object detect and object track, combining with the
embedded platform to design simple and effective algorithms. We’ve
developed block based algorithm for object detect, making detection
decisions based on the block unit processing with background subtraction. It
will not only enhance the decision speed but also remove the effect of small
noises. The combination of Mean Shift and Kalman Filter is adopted for

object track, utilizing the information of both color histogram and motion
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state of the object, which help to guarantee the precision. Based on these we
further design various security related algorithms such as illegal persistence
alarm, illegal intrusion alarm and warning line applications, etc.

TI’s DaVinci™ technology is mainly designed for digital video system
solutions. DM6446 is the SoC processor based on DaVinci, which is a
powerful digital media processor that featured for its ARM+DSP structure.
We choose it as the implementation platform. We first generate the basic
layer of the algorithm libraries on the DSP-side. Further optimizations aiming
at the hardware platform are performed to enhance the speed. Multi-thread
applications are designed at ARM-side. At last we construct a demo system
with a full range of functions to evaluate our algorithm. Experimental results
show that the implemented algorithms achieve good performance in both
detection and tracking. And real time processing is achieved for videos with

CIF size.

KEY WORDS: Intelligent Video Surveillance, Object Detect, Object Track,

DM6446 SoC
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2.1.1
(Background Subtraction)
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2.1.2

2.1.2.1

CB

DM6446 SoC
DM6446
YChCr420
Y
Y
n CB Fn DPn
DM,

DP,(x,y) =|F,(x,y)—CB(x, )| (2-8)
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DM (x’y):{:) if D, (x,y)>T, (2-9)

! else
T, [19]
Image t Wo
Ug wj uj u
U =Wy XUy +w Xu, (2-10)
t
g=wy x(uy, —u)’ +w, xu, —u)’ (2-11)
t T,  [19]
t
T,
DM,
[20]
FDM,
2.1.2.2
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FDM,

FDM, (,))
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BW-1BH-1

BSV,(i,j)= Y. D, FDM,(ix BW +m, jx BH +n) (2-12)
m=0 n=0
(i, J)
bject if BSV (i, j)>T,
BlkDecs(i, j) =17 i BSV,(.))>1, (2-13)
background else
T,
2.1.2.3
[7]
DM, BM, mask
BM (x,y) = 1 zf BlkDecs(i., j? = object
0 if BlkDecs(i, j) = background

x=ixBW+m, 0<m<BW-1 (2-14)
y=jxBH+n, 0<n<BH-I

mask = DM & BM, (2-15)

mask 1 CB F,
1B
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F (x, / k(x,y)=0
Bry)=11" (x,y) if mask(x,y) (2-16)
CB(x,y) if mask(x,y)=1
CB IB
CB=axIB+(1-a)xCB (2-17)
o
[21] Fn Fn—]
(94 a
(04
Fy
2.2
2.2.1
Mean Shift 1975 Fukunaga*
1995  Cheng (23]

Comaniciu ~ Meer?™®!  Mean Shift

Changjiang Yang[%] Mean Shift

15



Mean Shift Mean Shift

Mean Shift

(Kalman Filtering)m]
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UKF(Unscented Kalman Filter)?"
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2.2.2 Mean Shift

Mean Shift
Mean Shift
[25][28] Mean Shift
Mean Shift
Mean Shift
Mean Shift
DM6446 SoC
Mean Shift

2.2.2.1 Mean Shift
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Mean Shift (251

m (Target Model) (Target Candidate)
Target Model A={9,} v m Zc}u =1
- (2-18)
Target Candidate: p(Y)={p,(V}oxn D Dy =1
u=1
b:R*—{IK m} X
b(x}) Target Model u=1K m
g, =C_ k(| x; [M)[b(x;) —u] (2-19)
i=1
0  Kronecker delta C
{x;},-,, ~ Target Candidate y
(Kernel Profile) h Target Candidate
u=1K m Ch
~ _ S Y—X 2
B.(¥)= G, L k(== )OTb(x,) ~u] (2-20)
i=l1
Target Model = Target Candidate
d(y)=+1-plp(y), d] (2-21)
A(y)=plp(y), 1= /b, (¥)4, (2-22)
u=1
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X, = Ax, +w, (2-27)

z, = Hx, +v, (2-28)
Xk I nx1 Zk I mx1 A I
tre1 nxn H 1 mxn wr L
nx1 Vi mx1 Wk Vi
0 i#k
Efww/]=1 " (2-29)
O i=k
0 i+#k
E|vy |= 2-30
I: k" :I {R i=k ( )
( )
X
e =x,—X, (2-31)
P =E|ee] (2-32)
Zf Xk_
X, =X, +K,(z,-H,X,) (2-33)
X X, Ky
e, =x,—X, (2-34)
P =E|ee," ] (2-35)
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Kk = PIJH/(T (HkE;HkT +Rk)71

Py

Wy I L+l

Wk Ik

K
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2.2.2.3 Mean Shift
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Xk (xsg, ka)T XSk XV
Zk
Ag

A = {1 At} (2-40)

0 1
At=tis1- Hj
H, =[1 0] (2-41)

We Vi
0, = [0 02}, R =0} (2-42)
0 o,
YCbCr420 Mean Shift
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1% Mean Shift
4)[25]
Mean Shift
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(2-38) k Mean Shift
Mean Shift
Mean Shift
k
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Xy P
Mean Shift
Bhattacharyya Coefficient p

g :{ﬁXQk+(l_ﬁ)xpk ifp>Tq

(2-43)
9 else

gk DPr 1,

2.3

231

23



AlmRegion @ j) Bik(i, j)
AlmRegion BlkDecs(i, j)
BlkCond(i, j)

t f" Blk(i, j) € AlmRegion & BlkDesc(i, j) = object
BlkCond(i,j)={ ]I(Zl;elf @i, ))e me;izon esc(i, j) = objec (2-44)

(i, )) AlmAcc(i, j)

AlmAcc(i, j)

AlmAcc(i, j) 0
AlmAcc(i, j)+1 if BlkCond(i, j) =t
AlmAce(i, j) =1 AmAect. )+ if BlkCond i, j) = true (2-45)
0 else
AlmLevel AlmTime
(i, )) AlmAcc(i, j)
AlmRegion AlmDecs
AimDecs true if Any AlmAcc(i, j) > AlmTime (2-46)
flase else
2.3.2
(2-44) BlkCond(i, j)
t if Any BlkCond (i, j) =t
AlmDecs={me if Any BikCond(i, j) = true (2-47)
ase else

AlmDecs
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233

AlmLine AlmLinePix (i, ))
Blk(, j) AlmLine BlkDecs(i,
J) BlkCond(i, j)
BlkCond (i, j) = true if AlmLinePix € Blk(i, j) & BlkDesc(i, j) = object (2-48)
false else
SideA  SideB SideA  SideB
ObjCenPrev
true  if ObjCenPrev € SideA
AlmCond = (2-49)
false else
AlmDecs
true if Any BlkCond(i, j) = true & AlmCond = true
AlmDecs = (2-50)
flase else
AlmCond
2.4
24.1
2-1 22
2-1 “Highway2” 5 49 77 2-2
“Intelligentroom” 104 124 177
8x8
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[21]

[21]

- x100% (2-51)

- x100% (2-52)

(a) (b)
2-1 “Highway2”
Fig.2-1 Experimental Results on the “Highway2” Sequence




(@) (b) ©

2-2 “Intelligentroom”

Fig.2-2 Experimental Results on the “Intelligentroom” Sequence

(2-51) (2-52)

25%
“Highway2”  “Intelligentroom”
2-1
2-1
Table 2-1 Quantitative Evaluation of Detected Results
“Highway2” “Intelligentroom”
88.76% 0.08% 91.81% 0.04%
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24.2

Mean Shift
2-3 24 2-3 “geneseeclip” 3 27 40
2-4 “Laboratory” 148 154 161

(a) (b)
2-3 “geneseeclip”
Fig.2-3 Experimental Results on the “geneseeclip” Sequence

r
i

ad
(b)
2-4 “Laboratory”

Fig.2-4 Experimental Results on the “Laboratory” Sequence
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(2-40)  At=1 (2-42) o,=0,=5 (243) T, =10 =08

2-5 2-6 X y
Mean Shift
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——
c —a—
=4
&
(8]
S
x
0 5 10 15 20 25
Frame Index
geneseeclip-y
——
—.—

y Location

0 5 10 15 20 25
Frame Index

2-5 “geneseeclip”
Fig.2-5 Estimated, Measurement and Observed Locations of the “geneseeclip” Sequence
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o
=
]
(8]
S
X
Frame Index
Laboratory-y
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——
g 160 =
=
8 140
S
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100
0 5 10 15 20 25
Frame index

2-6 “Laboratory”

Fig.2-6 Estimated, Measurement and Observed Locations of the “Laboratory” Sequence

Mean Shift
Mean Shift

Mean Shift
Mean Shift 2-7 Mean Shift
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geneseeclip Laboratory
12 30
=010 =18
SN
g ) | W \ E 6k
0 : 0 : : : :
0 5 10 15 20 25 0 5 10 15 20 25
Frame Index Frame Index
2-7
Fig.2-7 Iteration Number Comparison Results
2-2 PC Mean Shift
Shift
2-2
Table 2-2 Comparison of the Average Computing Time
“geneseeclip” “Laboratory”
Mean Shift Mean Shift
3.12ms 3.69ms 6.48ms 7.56ms
Mean Shift
Mean Shift
Mean Shift
243
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3.1 DaVinci™

TI DaVinci™
DSP
DaVinci (34]
DSP
Linux API
/
DSP DSP
DSP ARM
TI
DaVinci (OEM)
DaVinci
OEM
OEM

DaVinci
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3.2 DM6446

TMS320DM6446
ARM+DSP
DM6446

ARM926
DSP

DaVinci SoC
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Fig.3-1 DM6446 Block Diagram
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/ DSP

VPSS DSP
CCD CCDC Preview Resizer
H3A( ) OSD
DM6446 EVM DM6446
EVM 3-2 [36]
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i
Fun

L FRTESI

—

(T w1
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[ ] = 1}
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3-2 DM6446 EVM
Fig.3-2 DM6446 EVM Block Diagram

DM6446 EVM (37]
DM6446 SoC 300MHz ARM926 C64x+ DSP
1 4

64MB DDR2 DRAM 16MB NOR Flash  64MB NAND Flash AIC23 Stereo Codec
UART USB2.0 ATA

3.3 DM6446
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DVEVM(Digital Video Evaluation Module)

[39]

Video Software Development Kit) DM6446
DM6446 DVEVM ARM
3-3 DVSDK DSP

B8 DVSDK(Digital

3-3

3-3

Cushomer
Value-bdded Differenbation

Video-Task

A

Image-Task
Audio-Task

L] ]
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Enginge
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Saryer
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3-3 DM6446

Fig.3-3 DM6446 Software Architecture

ARM Linux
Codec Engine
Codec Engine
DSP Remote Server
Audio Encoder
3-4
ARM

Linux

xDM API

/O

VISA API

DSP
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Linux API
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DM6446
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xDAIS(eXpress DSP Algorithm Interoperability Standard) [+1]42]
xDAIS xDAIS
xDM(xDAIS-DM) [43] xDAIS

API Process  Control Process API
Control API

Codec Codec
ARM Liniis Application OSSP Apphication
I Linux dpplication Program I I Dummy &udio Encoder I
F 3
1 Caodec Enging Framawark
e —— Fommmmm== = —————————————
: 1 Cadoe Enging H Codie Sarvar i
]
I Core Engine  XDM APis : VISA EPIs 1!
i AFlE i l & 1 :
I = : nsP
H {1 [ Codec Sheteton | | Sorver
[ 1 2 |
1 ¥ ¥ I :
I I Caore Engine Bumime I 1 | IEurr.'- Engine Run1|rnt| 1 :
i T—— —— i B Se—— v—
I N B B - ]
L ! 1
5P Link
CMEM Driver ||| ARM Driver
Limug Karne + Drivar ISFBIOS + Drived
3-4 DM6446
Fig.3-4 DM6446 Software Workflow
xDM Codec Video Image Speech  Audio(VISA)
xDM API
Codec
xDM VISA Codec

Codec
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Codec Stub Skeleton Codec

ARM Linux Core Engine API Codec
Engine ARM  DSP
CMEM Diriver ARM  DSP ARM
Linux Codec Engine Linux CMEM
Driver Buffer DSP Codec Buffer
ARM Linux malloc()
CMEM Linux
Linux DSP
ARM  DSP DSP Link Driver ARM  Linux
Codec Engine DSP Link DSP
DSP Link Linux ARM Driver DSP/BIOS
DSP Driver
ARM Codec Engine DSP Codec Server Codec Server
ARM  Linux VISA SPI
DSP Codec
DSP Audio Encoder xDM xDM Audio Encoder
IAUDENC
ARM  Linux xDM Process API DSP  Codec
Buffer
1) ARM  DSP Buffer DSP
Buffer Process API
DSP

Codec Engine Codec Stub
2) DSP Link Driver ARM  DSP ARM
Linux Driver DSP DSP/BIOS Driver
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3) API Buffer DSP VISA SPI
DSP/BIOS
Cache DSP
Codec Server Codec Skeleton

Codec Engine Framework ARM Codec Engine  DSP Codec Server

CE Codec Engine Framework
DSP Server DSP Encoder Codec Codec Server DSP
DSP Link Driver ARM Codec Engine
Core Engine API DSP Link Driver DSP Server
DSP
DM6446 ARM Linux DSP
Codec CE DSP Link Driver =~ CMEM Driver TI
XDC(eXpress DSP Components) ARM
Linux DSP Server
ARM Linux XDC
1) Codec Engine
2)
3) Codec Engine
ARM Linux
DSP Server XDC
1) Codec  Codec Server Codec
xDM
2) Codec
3) Codec Codec Server DSP
DSP Link DSP/BIOS DSP Server

3.4
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TI

(User Roles) Algorithm Creator

Server Integrator Engine Integrator ~ Application Author
3-5 DM6446
5 Bols 4:
.l.p]:!i:ltla? .Iplil:lﬂm
AR meedia maddieware
e e e e e e e e = ===
‘-;::ﬁ Codec Engine Runtime E‘-:)' )
Role 3r | Core Engine AP|s VISA APIs i
Enigica I I
Integrakos
i =
e i A
1| e B
ngimse i
Bala 3 ! Eﬁ -_m |
Barvac -E
Integrakos ] I
I VISA SPis 1
e e N e e | |
Eals 1 by
Algor i Ehan V1 Encoda J
\ Crantar __.-"Il
b 18
3-5

Fig.

3.4.1 Algorithm Creator

3-5 Software Development User Roles

Algorithm Creator xDAIS
Codec Engine (441
Codec xDM Codec Engine  VISA API
Codec Codec xDM Codec
Algorithm Creator Codec Skeleton ~ Codec Stub
Algorithm Creator xDAIS  RTSC(Real-Time System Component)
XDC Codec IALG IDMA3
Algorithm Creator ti.sdo.ce.ICodec
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Algorithm Creator Codec Package Server Integrator

RTSC Package Metadata

3.4.2 Server Integrator

Server Integrator DSP DSP/BIOS Framework
Components Link Drivers Codecs Codec Server DSP [43]
Server Integrator Tconf DSP/BIOS RTSC

(Framework Components DSP/BIOS Link Codec Server )

Server Integrator ~ Algorithm Creator Codec Package Codec
Server Packages(DSP/BIOS DSKT2 ) RTSC
u Server (*.cfg)
u Server DSP/BIOS (*.tcf)
u main()
u DSP DSP Server
Server Integrator DSP Server Engine Integrator
DSP Server Codecs
3.4.3 Engine Integrator
Engine Integrator Engine Engine Engine
Codecs Codec
Codec DSP Server (46]
RTSC (*.cfg)
Engine Integrator ~ Server Integrator DSP Server Codecs

DSP Server  Engine

Engine Integrator Engine Application Author
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3.4.4 Application Author

Application Author Core Engine API  VISA API

Engine Codecs Codecs Buffer
[46]

Codec Engine /O /O

Application Author

Application Author

B Algorithm Creator Codec Package

B Server Integrator DSP DSP Server

B Engine Integrator Engine

Application Author RTSC Engine

ARM
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DM6446

4.1

DM6446

H.264

4-1

Fig.4-1 System Block Diagram

H.264

[47]

48] H.264
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H.264 1/4

CABAC ]
H.264
BV DM642
Baseline CIF DM6446
PC
UDP(User Datagram Protocol)
TCP UDP
UDP C6000
DSP NDK(Network Develop Kit) DM6446 ARM
Linux Linux Socket
PC
DM6446
DM6446 H.264
33 DM6446 3.4
DM6446
4.2 xDM Codec Package
3.4 Algorithm Creator 33
DM6446
xDM VISA
XDC Codec Package
Integrator

4.2.1 xDM

43

DSP
H.264
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TI xDAIS(eXpress DSP Algorithm Interoperability Standard) [42]

xDM(xDAIS-DM) [+3]
xDAIS xDM  xDAIS 4-2

*DM

I (IVIDDEC, IVIDENGC
xDAIS IAUDDES, IAUDENS
ISPHOEC, ISPHEND,
HRACRLIEC . NMGENC)

(lALG, IDKA, )

4-2xDM  xDAIS
Fig.4-2 Relationship between xDM and xDAIS

xDM  xDAIS IALG 8
VISA(Video/Image/Speech/Audio)
IVIDENC - Generic Interface for Video Encoder
IVIDDEC - Generic Interface for Video Decoder

I[IMGENC - Generic Interface for Image Encoder

|
|
|
B [IMGDEC - Generic Interface for Image Decoder
B [SPHENC - Generic Interface for Speech Encoder
B [SPHDEC - Generic Interface for Speech Decoder
B JAUDENC - Generic Interface for Audio Encoder
B [AUDDEC - Generic Interface for Audio Decoder

xDAIS IALG

API algAlloc() alglnit() algActivate() algMoved()
algDeactivate() algFree() ' xDM Process()
Control() 4-3
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e oz

4-3 xDM
Fig.4-3 xDM Interface Function Call Order

VISA IVIDENC xDM
algAlloc() alglnit()
algActivate() algMoved() algDeactivate()
Process()
Control() algFree()

Process()

XDAS Int32 ProcessHVIDENC Handle h, XDM BufDesc *inBufs, XDM BufDesc

*outBufs, IVIDENC InArgs *inargs, IVIDENC OutArgs *outargs)
{

In_Param in_param;

Out_Param out_param;

in_param = inargs->param;
Detect_Perform(inBufs->bufs[0], &in_param, &out param);
if(in_param.track flag==1)

Track Perform(inBufs->bufs[0], &in_param, &out_param);
H264 Encode(inBufs->bufs[0], outBufs->bufs[0]);

outargs->param = out_param;
return (IVIDENC EOK);
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Process() h IVIDENC Process()
XDM BufDesc  xDM Buffer Descriptor ARM  DSP
Buffer Process() Buffer
IVIDENC InArgs IVIDENC OutArgs xDM

ARM DSP Process()
Process()
In_param  out param In Param  Out Param

typedef struct Point {
int x; // horizontal position
int y; // vertical position

} Point;

typedef struct In_Param {
int workingmode; // working mode
int directmode; // direction mode for alarm line
Point StartPoint; // left-up position of alarm region
Point EndPoint; // right-down position of alarm region
int alarmlevel; // alarm level
int resetflag; // reset flag

} In_Param;

typedef struct Out_Param {

int alarmflag; // alarm flag

int statechange; // alarm state change flag
} Out_Param;

In_Param workingmode
23 3
B Working Mode 0
B Working Mode 1
B Working Mode 2

Working Mode 2 directmode
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2.3 AlmRegion

AlmRegion
StartPoint EndPoint
AlmlLine
23 AlmLevel
alarmlevel
resetflag
Out_Param alarmflag
statechange alarmflag
DSP ARM Process()
PC
inargs->param in_param
inBufs->bufs[0] Buffer
Detect Perform()
out param
Track Perform() in_param.track flag 1
H264 Encode() H.264
Buffer outBufs->bufs[0]
out param outargs->param outargs
ARM Buffer ARM
4.2.2 Codec Package
Codec Package Server Integrator Algorithm
Creator Codec Package
B package.xdc Package Package

47



B package.xs Package
B package.bld Package
B VIDENC PROCESS.xdc VISA
B VIDENC PROCESS.xs
XDC Codec videnc process.a64P
Codec Package
4.3
DM6446
4.3.1
[52]
B 03
SIMD(Single Instruction Multiple Data)
B -pm
-03
B -mt
B -ms
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B -mv6400+ DM6446 Co64x+ DSP

Co64x+
-03 -pm
-mt -mv6400+
4.3.2
(Pragma Directive) (Keyword)
B DATA ALIGN DM6446
DATA ALIGN

B MUST ITERATE

DSP
MUST ITERATE

B Restrict
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Restrict

4.3.3
Mean Shift DM6446 SoC
DSP
n
Qn X ( ) q
Qn ( )
q=(int)(x x2") (4-1)
x=(float)q/2" (4-2)
ql 92 g3 xl x2 x3
q3=ql+q2 if x3=x1+x2 (4-3)
q3=ql—q2 if x3=x1-x2 (4-4)
q3=qlxq2/2" if x3=x1xx2 (4-5)
q3=qlx2"/q2 if x3=x1/x2 (4-6)
2" x2" /20 xon
Q10
DM6446

4.3.4
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C6000 Intrinsics( )

C6000 Intrinsics
C/C++
[53]
Cé64x+ DSP
SIMD
_dotpsu4()
C64x+ DSP
Load/Save
Co64x+ DSP
4 8

~mem4() memd8() _packl4()
SumBIkCal()
8x8

C Intrinsics

¢

_add4() _mpysud()

32
C64x+ DSP

void SumBIlkCal(unsigned char *memptr, int index, int stride)

{
inti, j;
int SumValue = 0;

for(i=0; i<8; i++)

{
for(j=0; j<8; j++)
{
SumValue += memptr([j];
}
memptr += stride;
}

SumArray[index] = (unsigned char)(SumValue>>8);
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void SumBIkCal(unsigned char *memptr, int index, int stride)

{
int i;
int SumValue = 0;
unsigned int p7_p6_p5_p4, p3_p2_pl_p0;
for(i=0; i<8; i++)
{
p7_p6_p5_p4 = _hi(_memd8(&memptr[0])); // high 4 pixel
p3_p2_pl _p0=_lo(_memd8(&memptr[0])); // low 4 pixel
SumValue += _dotpu4(p7_p6_p5S_p4, 0x01010101); / p7+p6+p5+p4
SumValue += _dotpu4(p3_p2_p1_p0, 0x01010101); / p3+p2+p1+p0
memptr += stride; // next line
}
SumArray[index] = (unsigned char)(SumValue>>8);
}
C64x+ DSP
~memd8() 8 “hi()  _lo()
4 4 p7 p6 pS p4 p3 p2 pl pO
4 _dotpu4() 8
4.4 DSP Server
3.4 Server Integrator DSP Server
Codec Framework Components System Code
DSP Server DSP DSP/BIOS
DSP Server Web Server DSP/BIOS
Client Codec (MIPS MEM

)
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ARM VISA API
Codec
DSP Server
[ ] Tconf DSP/BIOS
[ | XDC

Codec Server )

Server Integrator

B package.xdc Package
Packages

B package.bld Package

B video process.cfg DSP Server

B video process.tcf DSP/BIOS

B link.cmd

B  main.c main()

DSP

video process.cfg

4.4.1 DSP Server

video process.cfg

JavaScript

Codec Module

xDM

Server Thread  Stack 2048

Server.algs

Stack
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DSP

(Framework Components

DSP Server

Codec ARM

DSP/BIOS Link

DSP Server

DSP Server video process.x64P

video process.tcf

DSP/BIOS

VIDENC PROCESS
Server  threadAttrs
Server Thread

VIDENC PROCESS



var Server = xdc.useModule('ti.sdo.ce.Server');
Server.threadAttrs.stackSize = 2048;
Server.threadAttrs.priority = Server. MINPRI;

Server.algs = |
{name: "videnc_process', mod: VIDENC_PROCESS, threadAttrs: {
stackSize: 4096, stackMemld: 0, priority: Server. MINPRI + 1}
5
15

DSKT?2 Configure...
DMAN3 Configure...

var VIDENC_PROCESS = xdc.useModule('codecs.videnc_process. VIDENC_PROCESS");

Framework Components ti.sdo.fc.dskt2.DSKT2
ti.sdo.fc.dman3.DMAN3 DSKT2 xDAIS B4
DMANS3 DMA 53]

4.4.2 DSP/BIOS

DSP Server DSP/BIOS DSP

DSP/BIOS Tconf [36lyideo process.tcf DSP Server

DSP/BIOS JavaScript DSP/BIOS

|

|

|

u C64x+ L1 Cache

DSP/BIOS API [57]
DM6446 EVM 64MB  DDR2 ARM
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DSP 4-1
4-1
Table 4-1 External Memory Space Configuration
0x80000000 0x01C00000(32MB) Linux
CMEM 0x81C00000 0x00800000(4MB) ARM DSP
DDRALGHEAP | 0x82400000 0x01600000(22MB)
DDR 0x83A00000 0x00400000(4MB)
DSPLINKMEM 0x83E00000 0x00100000(1MB) DSPLINK
CTRLRESET 0x83F00000 0x00000080(128B)
CMEM DSPLINKMEM DVEVM
B dsplinkk.ko DSP/BIOS Link v1.30.07 DSP Link

B cmemk.ko

DSP

B Joadmodules.sh

DM6446
80KB LID
4-4

L2
L1 Cache L2 Cache

Co64x+ DSP

Buffer

64KB L2 L1P LID L2

C64x+

DSP

Cache L1D
L1 Cache
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Linux CMEM ARM

32KB LI1P
Cache SRAMPY

48KB L1D SRAM  32KB



L1D SRAM

Cache
Cidxs CPU
Ciala
paih
2x54 bl
L1p L1 daka
LiP L0 L0 Viriie
SHAM SRAK | | Cache biafer
121 bl
56 bl D65 bil 295 bt
| L7 uniied data/program memory |
L2 SRAM I LZ cache
Addressable I
My
12D bl
Cache
My
h:g‘!r 5::::'"15 Extemal memony
b cache
canirofler
4-4 C64x+
Fig.4-4 C64x+ Cache Memory Architecture
C64x+ DSP Cache
Cache Cache
DM6446 EDMA3 EDMA3 C64x+ DSP
4.5 ARM Linux

Algorithm Creator  Server Integrator

Engine Integrator ~ Application Author
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4.5.1 Engine

Engine Integrator Engine Application Author

Engine Engine Codecs Codec

Codec

Server

DSP

/* Load support for the Codec Engine */
var osalGlobal = xdc.useModule( 'ti.sdo.ce.osal.Global' );

/* Configure CE to use it's DSP Link Linux version */
osalGlobal.runtimeEnv = osalGlobal. DSPLINK LINUX;

/* Load support for video process */
var VIDENC PROCESS = xdc.useModule('codecs.videnc_process.VIDENC PROCESS');

/* Engine Configuration */
var Engine = xdc.useModule('ti.sdo.ce.Engine');
var demoEngine = Engine.create(''videodemo", [
{name: "videnc_process", mod: VIDENC_ PROCESS, local: false, groupld: 0},

)H

/* Remote server image */
demoEngine.server = '"./video_process.x64P";

ti.sdo.ce.osal Package Global Module
Global Module  runtimeEnv DSPLINK LINUX Engine
DSP/BIOS Link  Linux
Codec Module codecs.videnc_process Package

videnc_process VIDENC PROCESS

Engine ti.sdo.ce Package Engine

Module Engine Module  create() Engine
Application Author Engine open API Engine create()
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B name Application Author VIDENC _Create

VISA API
B mod
B [ocal CPU DSP
B groupld Codec
demoEngine.server DSP Server
video process.x64P
4.5.2 Linux
H.264 UDP
PC PC
DM6446
Linux POSIX Main Thread(
Control Thread) Video Thread Capture Thread  Transmit Thread ARM Linux

4-5

—_—--

”~

S
7/ _ N
Main \

/
‘\ Thread T D12

Thread

Becames

Transmit
Thread

Control
Thread

Capture
Thread

Algorith 0 aptured Engoded
Pgorlt " Video Video
. Frames Data
Y
NetWorl N
VPSS Capture
Device

4-5 Linux
Fig.4-5 Linux Multi-Threads Framework
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Main Thread Control
Thread Control Thread

Video Thread
Capture Thread Linux DVD
DM6446 SoC Resizer
YUV420 CIF (352x288) Video
Thread Capture Thread DSP
H.264 Transmit Thread IP
PC Capture Thread Transmit Thread  Video Thread
Double Buffer ARM  DSP
Linux
Video Thread

4.5.3 Video Thread

Video Thread Capture Thread Frame Buffer

Video Thread

/I create phase

hEngine = Engine_open(''videodemo", NULL, NULL);

hEncode = VIDENC_create(hEngine, "videnc_process', &params);

encBuf = (char*)Memory_contigAlloc(encBufSize, Memory DEFAULTALIGNMENT);

/I execute phase
while(!getQuit())

{
FifoUtil_get(); // get buffer from capture thread
status = VIDENC_process(hEncode, &inBufDesc, &outBufDesc,
&inArgs, &outArgs);
}
/I delete phase

Memory_contigFree(encBuf, encBufSize);
VIDENC_delete(hEncode);
Engine_close(hEngine);
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Engine open()

Codec Engine

Engine Engine “videodemo”
VIDENC create() Codec DSP Server Codec
Engine “videnc_process” Memory_contigAlloc()
Buffer Buffer ARM  DSP DSP
Buffer ARM Buffer  Capture Thread
Buffer
Video Thread
Capture Thread Frame Buffer Buffer
VISA API VIDENC process()
421 DSP Process() VIDENC process()
Process() VIDENC process()
Process()
ARM  DSP Buffer &inBufDesc  &outBufDesc
Process() Buffer inArgs  outArgs
Codec Stub  Codec Skeleton ARM DSP
Process()
outBufDesc outArgs
ARM ARM Transmit Thread
IP PC
Memory contigFree() VIDENC delete()
Engine close() Codec  Codec Engine
4.6
4-6 DVD

IpP
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PC PC

4.6.1
u-boot u-boot
PC
ulmage Linux
u-boot bootm

4-6
Fig.4-6 DM6446 Based Demonstration System

DM6446

DM6446  DSP ARM

u-boot.bin

Nor Flash

u-boot

ARM
Nor Flash

ulmage

NFS(Network File System)
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ATA

u-boot
ARM DSP
4.6.2
PC
DM6446
DM6446 H.264
Visual Studio MFC 4-7
:'_-_?: cwdecoder
Al rnBagh s Maralisa Al arslavel
=) Db g e ot Fersy st C} Billir |r-ﬂ'l'| 1 = | SteawmSave |
ﬂ D packRaplacs ﬂ Darlh: SaveStap |
O Ok jectIntrusion ¥ Dirliesn AL armbvat iS e
| oo widin | DparFila J Bxit |
SireumBacel v
SyztenBanet — | M
4-7
Fig.4-7 Client Player User Interface
StreamReceive H.264 D3D
AlarmRegion

ObjectPersist ObjectReplace ObjectIntrusion

AlarmLine

BiDir DirUp  DirDown

4.2.1 workingmode

directmode
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ObjectPersist  ObjectReplace Working Mode 0 ObjectIntrusion
Mode 1 AlarmLine Working Mode 2 directmode
AlmRegion
AlmLine
AlmRegion  AlmLine
4.2.1 StartPoint ~ EndPoint

AlarmLevel AlmLevel

alarmlevel
ParamSend UDP

DM6446 ARM Control Thread
Video Thread

SystemReset

DM6446 ARM DSP alarmflag statechange
alarmflag statechange

alarmflag statechange

alarmflag
alarmflag 1
alarmflag 0

StreamSave  StreamStop
AlarmAutoSave
alarmflag
OpenFile  FilePlay
Buffer
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4.7

2.4
320%240 H.264 Baseline
QP 28
“Highway2”  “Intelligentroom”
“geneseeclip”  “Laboratory”
4-2
4-3
4-2
Table 4-2 Comparison of Clock Cycles with Optimization of Object Detect
Highway2 29796701 7230068 4.12
Intelligentroom 26008936 5972832 4.35
4-3
Table 4-3 Comparison of Clock Cycles with Optimization of Object Track
geneseeclip 77765149 10212852 7.61
Laboratory 81001064 12303928 6.58

4-4
4-5
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4-4
Table 4-4 Speed Evaluation with Object Detect

(fps)
Highway2 39.11 5.23%
Intelligentroom 44.86 4.96%
4-5
Table 4-5 Speed Evaluation with Object Track
(fps)
geneseeclip 40.65 7.53%
Laboratory 42.38 8.87%
301fps
H.264
CIF (352x%288)
4-8
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(a) (b)
4-8
Fig.4-8 Illegal Persistence Alarm Application

4-9
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4-9
Fig.4-9 Illegal Replacement Alarm Application

4-10
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(a) (b)
4-10
Fig.4-10 Illegal Intrusion Alarm Application

4-11

Mean-Shift

| A El

r

(@) (b)
4-11
Fig.4-11 Object Track and Warning Line Application
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5.1

TI

DM6446

DaVinci
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Mean Shift

k Mean Shift
Mean Shift
DM6446 TI DaVinci
DSP
DM6446 DaVinci SoC
DaVinci
DM6446
xDM

Codec Package DM6446

DSP DSP Server ARM
H.264

CIF
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