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LOI CAM ON

Thoi gian 2 ndm hoc ddi véi chuong trinh dao tao thac si c6 thé 1a dai d6i véi
mot s6 hoc vién, nhung ddi voi em — mot k¥ su vira di hoc vira di 1am thi quing thoi
gian do 1a kha ngén ngui. Cong va&i do6 1a lich lam viéc day dac tai Viettel R&D nén em
cling da thuc sy nd luc va cd ging dé hoan thanh luan vin nay. Tuy nhién, quing thoi
gian quy bau vé6i nhirg gio 1én 16p vao cac budi tbi va cac ngay cudi tudn d6 di giup
trang bi cho em rat nhiéu tri thirc bo ich, giup em cung ¢ cac khai niém, cac nguyén Iy
ctia dién tir twong ty, dién tir s6 va didu khién. Nhiing bai giang ciia thiy Tran Quang
Vinh, thiy Bach Gia Duong, thay Tran Dtc T4n, thiy Pham Minh Trién va nhiéu thiy
¢ khac di in sau trong tri nhé va 1a nhiing chiéc chia khoa mo dau cho con dudng
nghién ctru chuyén nghi€p ciia Em hién tai va trong tuong lai. Em xin gui 161 cdm on
chan thanh dén cac thay, kinh chiic cac thay stc khoe dbi dao va ludn chdy bong dam
mé, cong hién cho khoa hoc, gitp truyén dat nhiing tri thire quy bau cho 16p 16p hoc
vién nhu chiing em.

Ngoai nhimg c¢d ging cia ban than dé hoan thién luan vin nay, em con nhan
duogc su giup d tan tinh tir thay gido huéng din — TS. Pham Minh Trién, ngudi luon
dit ra cac yéu cau cao, cac bai toan khd va cing em ban bac giai quyét cac van dé
khong chi trong pham vi luan van nay ma con la cac van dé vé dinh huéng, hd trg sinh
vién nghién ciru khoa hoc, cac van dé hop tac gitta Trudng Pai hoc va Cong ty. Gitp
tim d4u ra cho céc sinh vién sau khi t6t nghiép. Mot nguoi thdy voi tam nhin va hoai
bio 16n, rat dang dé em hoc tip, noi guong.

Luan van nay dugc toi thuc hién song song vdi mot dé tai nghién ctru tai Vién
Nghién ctru va Phat trién Viettel do t6i 1am chi nhiém. Tai day, to1 cung cac cong su
d3 cb gang dé tao nén mot san pham Quén sy “Made in Vietnam”. Két qua nghién
ctru ctia dé tai nay, mot phan ciing di dugce ap dung vao san pham d6. Toi ciing xin
gi 101 cam on chan thanh t&i ban lanh dao don vi va cac dong nghiép than yéu da
gitp d&, cung toi giai quyét nhitng van dé kho dé dat duoc nhitng két qua budc dau
dang khich I¢.

Qua day, Em xin giri 161 cam on chéan thanh téi BCN Khoa Dién tir Vién thong,
BGH va cac phong ban chic nang cua Pai hoc Cong ngh¢ - PHQG Ha Ngi, da tao
diéu kién giup d& trong sudt quang thoi gian em theo hoc chuong trinh dio tao thac si
tai truong.

Cudi cung, xin gui 161 cdm on chan thanh téi bd, me, vo va cac con than yéu da
ludn tin tudng, tng hd va dong vién trong qua trinh theo hoc chuwong trinh dao tao thac
sT cling nhu trong thoi gian tap trung thue hién dé tai nay.

Than ai,
Dinh Cao Son



LOI CAM DOAN

T6i xin cam doan dé tai “Nghién ctru, thiét ké nén tang nhung thuc thi cac ung
dung xtr Iy anh” do t6i truc tiép thuc hién. Khong sao chép lai tir bat ky mot ngudn ndo

(sdch, bdo, tap chi, cong trinh khoa hoc, ...) trong va ngoai nuéc da cong bd.

Néu phat hién thdy bt ky mot vi pham nao vé ban quyén cac ndi dung toi dé cap

trong d€ tai, to1 xin chiu hoan toan trach nhiém trudc hdi dong danh gia va nha truong.

Ha Noi, ngay 11 thang 11 nam 2017

Pinh Cao Son
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MO DPAU
1. THUC TRANG CONG NGHE TAI THOI PIEM NGHIEN CU'U
a. Viét Nam
Cong nghé xir ly anh (Image Processing) hay sau nay goi la thi gidc may tinh
(Computer Vision) dd dugc nghién ctru tai Viét Nam tir kha sém. Tur viée trién khai
cac giai thuat trén Matlab cho dén cac tmg dung thuc té. Tuy nhién, da phan nhiém vu
nay dugc thyuc thi trén mot may tinh (PC hoic laptop) sir dung cac thu vién kinh dién
nhu OpenCV.
Viéc trién khai cac thut toan xir 1y anh trén nén tang mot vi xu 1y tinh toan
chuyén dung con kha méi mé va it ngudi tiép can.

b. Thé giéi

Cung voi sy phat trién ctia cong nghé ban dan, mat do tich hop ngay cang cao.
Céc hing san xuat chip 16n da cho ra doi cac vi xtr 1y c6 kha ning tinh toan dau phay
dong, toc do tinh toan 1én dén hang nghin tridu 1énh trong mot gidy (> 1000 MIPS) tir
nhirng nam 2010.

Ké tir d6, ngudi ta dd quan tdm nhiéu hon dén viéc dua cac thuat toan tinh toan
phtre tap 1én cac vi xtr 1y nho gon, tiéu tn it ning lwong dé tao ra cac nén tang xir Iy
thong minh, hd trg con ngudi nhidu hon trong cac tmg dung xtr Iy hinh anh.

2. NHIEM VU - NOI DUNG NGHIEN CUU PE TAI PE XUAT

bé tai nay dugc thyc hién vé1 muc dich thiét ké, ché tao thanh cong mot nén tang
xu ly tinh toan manh mé, hd tro thuc thi cic thuat toan xur Iy anh phuc tap, ti€u tdn
cong suat thap, nho gon thay cho nén tang may tinh thong thuong.

Tir nhitng két qua tim hiéu, phan tich san pham ciia cac hang 16n trén thé giéi.
Tac gia dé xudt ndi dung nghién ctru chinh cta dé tai 1a nghién ciru, thiét ké nén tang
phan ctmg nhang cho phép thuc thi cac ing dung xir 1y anh, dap tng thoi gian thyc.
Noi dung dé tai dugc chia thanh 3 chuong:

CHUGNG 1: TONG QUAN VE THIET B] XU LY ANH THOI GIAN THUC

CHUONG 2: YEU CAU VA THIET KE CHI TIET PHAN CUNG HE THONG

CHUONG 3: DANH GIA HE THONG VOI THUAT TOAN MAU

Nhitng noi dung trén dugc cu thé hoa trong luin vin ndy nhu sau:



CHUONG 1: TONG QUAN VE THIET BI XU LY ANH THOI GIAN THUC

Thiét bi xir 1y anh thoi gian thyc dugc dé xuét nghién clru, ché tao phuc vu viée
xay dyng nén tang phan cimg nhung c6 tai nguyén va nang luc xtr Iy dit manh dé thyc
hién mot loat cac bai toan ung dung trong linh vuc thi gidc may tinh nhu tién xir 1y
anh, loc nhiéu, phén tich video hay chéng rung hinh anh.

Trong qua trinh dinh nghia san pham, tac gia da tham khao rat nhiéu cac ciu hinh
san pham khac nhau cta cac hang trén thé gidi. Trong d6, ndi bat 1a thiét bi bat bam
muc tiéu téc do cao Video Tracker 8200%) ctia EOImaging (M), thiét bi xtr Iy anh trén
nén tang DSP IGEPv2® cua ISEE (Tay Ban Nha), KIT phét trién xir Iy anh 0Z745¢)
ctia Omnitek (Anh), KIT phat trién Z3-DM8169-VI-RPS®™ cta Z3 Technology (M).

Trong s6 d6, ta c6 thé phan tich hai san pham tiéu biéu Ia:

1. Thiét bi xir Iy anh bit bam muc tiéu Video Tracker 8200 — EOlmaging
(My)
Thiét bi duoc thiét ké chuyén dung cho muc dich bat bam muc tiéu. C6 kha
ning bat bam theo nhiéu dic trung khac nhau nhu mirc xam (intensity), dudng bao
(edge), so khop twong dong (correlation), vv... Do dé, phit hop voi nhiéu bai toan bat

bam khac nhau, trong ting diéu kién mai truong, voi timg ddi tuong cu thé.

Hinh 1. 1: Thiét bi xir Iy 4nh Video Tracker 8200

Mot dic diém vuot troi cua san phém nay la c6 bang thong dau vao 16n, c6 thé
xtr 1y véi toi do bitrate dau vao 1én dén 3Gbps (twong tGng véi dd phan giai 1080p,
tbc do 60 hinh/gidy), dong thoi co thé xir Iy véi ca dau vao video dang tuong tu
(PAL/NTSC) hoic dang s6 3G-SDI.

Céc thanh phan xt 1y chinh cta san pham 1a chip DSP ma TMS320C6455 cia
Texas Instruments. D@)ng thoi dé xir ly dir ligu dau vao tdc d6 cao, mdét module FPGA
(Spartan 6 XC6SLX100) dugc sir dung dé thuc hién doc va tién xir Iy dir liéu trude
khi dua vao xtr 1y tinh trong DSP. Module FPGA nay ciing 1am nhiém vy diéu khién
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viéc xuat dir liéu ra nhitng chuan tuong ty, s, twong tng véi dau vao. Trong khi xtr
1y v6i tée do rat cao thi kich thudc cua thiét bi chi bang 114x127 (mm), va cong suit
tiéu thu chi vao khoang 12W.

2. KIT phat trién xir 1y dnh va streaming video Z3-DM8169-VI-RPS (My)

BT Y T A
IR a

Hinh 1. 2: KIT phat trién xir Iy anh va streaming video ciia Z3 Technology

KIT phat trién Z3-DM8169-VI-RPS c¢6 kién triic gdm 2 chip xir 1y chinh 1a DSP
DM8168 va FPGA Spartan 6.

San pham hd trg cac dau vao video: Component, HDMI, 3G-SDI, dau ra HDMI,
3G-SDI.

Khdi xtr Iy gdm 1 16i ARM cortex A8 toc d6 1.2 GHz va 1 18i DSP C674x toc do
1 GHz.

Vé tinh ning, ngoai cac tinh nang xtr Iy anh ma thu vién TI hd trg, KIT con cho
phép cac tinh nang ma héa H.264 va MPEG-2. Xir 1y véi dg phan giai 1080p/i 601fps.

Kich thudc bo mach 1a 218x90 (mm).

Cong suit hoat dong: 14W.

3. Pé xuat thiét ké thiét bi xir Iy anh thoi gian thue

Qua phan tich cac san pham tham khao tiéu biéu, tac gia da dinh nghia san
pham thiét bi xtr 1y anh trén nén tang nhing vai tén goi Apollo17, duoc lay theo tén
goi chuong trinh dua con nguodi 1én mat trang cia NASA mang tén chuong trinh
Apollo khéi xudng vao nhitng nim 1960. Trong d6, NASA da phat trién mot chiée
may tinh dan dudng mang tén Apollo Guidance Computer (AGC). Déng vai tro 1a bo

nao cua hé thong.
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Hinh 1. 3: Kién tric 15i xir 1y chiéc may tinh nhing dau tién mang tén AGC
So db khéi kién tric xir Iy ciia Apollol7 duoc dé xuat thiét ké gdm 4 khdi chinh:
- Khéi dau vao video
- Khoéi xir Iy: Gom tién xir Iy va hdu xik Iy
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- Khoi dau ra video

- Hau xu ly anh
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7

Hinh 1. 4: So @6 khoi kién truc xir Iy ciia Apollo17
Trong do,
a. Pau vao video
Nhan lu(‘A)ng video dau vao tir dau vao tuong tu chuan PAL/NTSC hodc tir dau

vao so IP.
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b. Khéi xir 1y

Khéi xtr 1y thuc thi nhi€ém vu xtr 1y tin hi¢u hinh dnh thu nhan duogc tu dau vao.
bam bao viéc xur Iy dap ting thoi gian thyc (thoi gian xi 1y phai nho hon 40ms, tuong
duong 25 hinh/giay).
Khéi xtr Iy duoc chia thanh 2 loai: Tién xir 1y va hau xtr 1y.

e Tién xur 1y: Thyc hi¢n diéu khién viéc doc dit liéu video dau vao tir cac ADC
hoic théng qua giao thirc Ethernet. Thuc hién cac thao tac tién xir Iy anh (loc
nhiéu, bién d6i khong gian mau, ...)

e Hau xtr ly: Thuc hién cac thuat toan phurc tap; diéu khién dau ra video va giao
tiép voi may tram qua TCP/IP.

c. B0 nhé
B0 nhé st dung gom 2 loai: bd nhé dung dé luu trir hé didu hanh va cic tham

s6 cau hinh hé théng; bo nhé dém dir 1i€u phuc vu thuc thi hé¢ diéu hanh va cac tac vu
xtr 1y anh va diéu khién.

d. Pau ravideo

Tin hiéu video sau khi qua khdi xir Iy anh duoc nén va truyén ra ngoai qua IP hoic
hién thi ra man hinh qua két n6i HDMI.
Bang sau cho biét toc do dit liéu trao ddi xuyén sudt hé théng twrong tmg vai cac

d6 phan giai anh (chuan) khéac nhau.

Bang 1. 1: Toc d6 (bitrate) twong trng véi cic chuin video

. Kich thwéc (pixel) A Téc dd
Chuan W H Toc do frame (fps) bitrate (bps) Twong duwong
25 184,320,000 175.78Mbps
VGA 640 480 30 221,184,000 210.94Mbps
60 442,368,000 421.88Mbps
100 737,280,000 703.13Mbps
25 248,832,000 237.3Mbps
D1 220 576 30 298,598,400 284.77Mbps
60 597,196,800 569.53Mbps
100 995,328,000 949.22Mbps
25 552,960,000 0.51Gbps
HD 720p 1280 720 30 663,552,000 0.62Gbps
60 1,327,104,000 1.24Gbps
100 2,211,840,000 2.06Gbps
25 1,244,160,000 1.16Gbps
HD 1080p 1020 1080 30 1,492,992,000 1.39Gbps
60 2,985,984,000 2.78Gbps
100 4,976,640,000 4.63Gbps
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CHUONG 2: YEU CAU VA THIET KE CHI TIET PHAN CUNG HE THONG

Yéu cau chi tiét ddi v6i timg khdi chirc nang ctia Apollol7, cu thé nhu trong bang 2.1:

Bang 2. 1: Yéu céu thiét ké chi tiét phan cieng hé théng

. Yéu cau Linh kién tham khao
TT Tén khoi — — — . _— A, .
SL Thong so k¥ thuat (Ma NSX/Hang/Xuat xir)
a | Pau vao video
1 | Pau vao video SD 1 | CVBS TVP5150AM/TIU/MY
Dau vao video HD
p | At vaovIdeo 1 | YPrPb TVP7002/TIM§
(tuwong tu)
3 Dau vao video HD 1 |ip KSZ9031MNXIA/Microchip/
(s6) My
b | Khoi xir ly
- DSP clock: > 600MHz
- HJ trg tinh toan ddu
phay dong
- Tdc db tinh toan: >
4000 MIPS.
o, - ARM clock: > 800MHz | TMS320DM8168CCYG2/TI/
4 | Chip xtr ly 1 N x N
- Dau vao video: ho tro 2 | My
dau vao song song
- PAu ra video: hd tro
cac dau ra tuong ty, sd
véi cac d phan giai
khac nhau.
c | Bo nhé
. W25Q64FVSSIG
5 | SPI Flash 1 |- 64Mbit
/Winbond/Pai Loan
MT41J256M8DA-093:K
6 | DDR3 4 |- 256Mbyte . .
/Micron/My
. MT29FAG16ABADAH4-
7 | NAND Flash 1 |- 512Mbyte (4Gbit) . N
IT:D/Micron/My
MTFC4GACAANA-4M
8 | Bo nhd eMMC 1 |->4GB C © C~
IT/Micron/M§
d | Pau ra video
N . KSZ9031MNXIA/Microchi
9 | PaurasoIP 1 |IP S~ 903 AMicrochip/
My
Dau ra hién thi
T 1 | HDMI 1.3 TPD12S521DBTR/TI/M§
HDMI
. | Kénh két noi
ngoai vi
- KSZ9031MNXIA/Microchip/
11 | Kétndi Ethernet | 2 |- 1Gbps, GMII crochip

My

12




2xRS232C MAX3232CPWR/MAX3488E

12 | RS232/RS422 3
1XRS422 ESA+T/TI/MY$
Giao dién

13 | USB host OTG 1. . '
joystick/keyboard/mouse

14 | Led bao ngudn 1 | LED 1 mau RED

15 | LED bao trang thai | 2 | LED 1 mau BLUE

Pau ra hién thi

16 HDMI 1 |HDMI 1.3 TPD12S521DBTR/TI/MY
f | Khoi nguon 1
- Dai dién ap: 5.5- Pam bao cip ngudn cho
36V/3A. bo mach, cac linh kién
- Pwr tree: 5V, dac thu (chip, RAM) va
3.3V, 25V, 1.8V, ngoai vi két ndi vao. TPS5450QDDARQ1/TPS6525
15V, 1.2V, 3RHDR/TPS22918DBVR/TPS
17 0.75V 1 22810DBVR/TPS54620RGYR
- Sequence: /TPS77018DBVR/TPS51200D
Continuously RCR/TPS3808G09DBVRG4/
- Protection: short- TI/My

circuit, fuse 3A
- Cong suat trung
binh < 15W

1. Khéi dau vao video

Chung ta biét réng, tin hi¢u video dugc chia thanh 2 loai chinh phan theo muc
dich: video quang ba, phuc vu truyén hinh, giai tri (broadcast) va video d6 hoa, phuc

vu cac ing dung hinh anh trén PC, thiét bi chuyén dung (graphics).

C6 rat nhiéu cac dinh dang video tuong tu va sé khac nhau cing ton tai song

song hi¢n nay.
Viéc thiét ké khéi video input phai tudn theo mot sé nguyén tic nhat dinh nhu
phan tich dudi day.
1.1.  Pdu vao twong tw

- Tin hiéu video twong ty duoc chia thanh 3 chuan giao tiép co ban: Composite

7y

hay CVBS (1 day); S-Video (2 day) va Component (3 day).
@ @} '

Composite Connector S Connector Component Connector

Hinh 2. 1: Cac chuén video twong tw

13



- Dang song cua cac tin hiéu video tuong tu nhu sau:

white Level
100 IRE —
Horizontal Blanking!
|.7 10.9us
Blanking Level
0IRE

bt e

Color Burst (40 IRE p-p)
Colar Burst Back Porch
2,508 1.608
Breezeway
0,608

Hinh 2. 2: Dang séng cua tin hi¢u video twong tw

Rctive Viden
52.6us

Black Level {Setup)
7.5 IRE

Front Porch

Syne Tip
4.7us

Viéc bién doi dé tin hiéu tuong tu dé cho ra cac dinh dang khéac nhau dugc minh hoa
nhu hinh sau:

Mative Video R", G, B'

100 Red "311'—']—\_Ij Gresn 100 —= Blue

L — 0 = ‘_l—Lr [
k) L A3 A3

& — i
Component
Video
A ——= 100—=
Luma, ¥ I |—| Luwma, Y
[ -+ 0 -
43— u— 43 —p

-t

Chroma, G

a5 —=
” *i
15 —

Composite Video, CWBS

H-Sync
Enrbesrwall

WOl —p

0 —=
A —

Hinh 2. 3: Minh hoa bién déi tin hiéu video gdc sang composite video
- Viéc thu nhan tin hi€u video tuong tu dugc thuc hién bang cach st dung cac

ADC chuyén dung (nhu TVP5150AM cua Texas Intrusment; MAX9526 cua
Maxim Integrated hay ADV7403 ctia Analog Device).

- Céc ADC nay s€ thuc hién qua trinh léy mau, luong tr va ma hoéa tin hi¢u dé
cho ra dau ra sd cta tin hiéu tuong tu.

- Ngoai ra, d6i voi tin hiéu video noi chung, can cht ¥ dén viéc hién thi ra man
hinh. Va mét trong nhirng tham sé quan trong 1a tan s quét tin hiéu (fv). Tan sd

fv cang 16n, blrc anh hién thi ra cang min.
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Vi du: Ta xét mot buc anh ¢6 kich thuée NuxNy nhu hinh sau:
Trong do:

- Nn 1a tong s6 diém anh (pixel) theo chiéu ngang

- Nvla tong s6 diém anh theo chiéu doc

- Tp la thoi gian quét qua 1 diém anh

- Ty 1a thoi gian quét tong cta birc anh

- SCAN LINE

-} NH o

Hinh 2. 4: Minh hoa birc anh den trang kich thuéc NuxNy
Khi do, thoi gian quét cho mot pixel dugce tinh nhu sau:

Tv

Tp = (2.1)

NHX NV
Do d6, néu coi mot chu ky day di mat 2 1an thoi gian Tp (quét qua 2 pixel), thi
tan s6 quét cho mot pixel ti da (tan s pixel) sé 1a:

__ NpgxNy Nyx Nyxfv
2xTp  2xTv 2

fmax = (2.2)
Véi = 1/Tv , 1a tan s6 quét manh (fresh-rate).

Bang 2. 2: Mi lién hé giira d9 phan gii anh, tin s6 quét manh va tan so pixel toi da

] . P phan giai Tan sb Xz Tan sb
) Kich thuée (pixel) | Lo quét Tanso el thi
Chuan < manh pixel toi da da
W H | Ny Ny (H2) (Hz) (MH2)
25 5,630,625 5.6
480p 720 480 858 525 28 12;?2;88 122
100 22,522,500 22.5
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25 6,750,000

6.8

D1 720 576 864 625 30 8,100,000

8.1

60 16,200,000

16.2

100 27,000,000

27.0

25 15,468,750

15.5

HD720p | 1280 | 720 | 1650 | 750 30 18,562,500

18.6

60 37,125,000

37.1

100 61,875,000

61.9

25 30,937,500

30.9

30 37,125,000

37.1

HD 1080p 1920 1080 2200 1125
60 74,250,000

74.3

100 123,750,000

123.8

Nhu viy, bang trén cho ta thiy, véi mdi chudn (46 phan giai) va tan sb quét

manh khéc nhau thi cho ta tan sb video tbi da khac nhau. Céac IC doc video dau vao

phd bién thuong hoat dong ¢ cac tan sb pixel tdi da phd bién 1a: 13.5MHz, 27.0MHz,

75MHz va 125MHz.

Ta xét nguyén 1y khdi dau thu tin hiéu video twong ty nhu sau:

RN1Z2 RPACKE-22

vCCava vecava
T — = 2=Tt1o ] mrwears 8 INTREQ GFC e
veoe P Vecws 285152 veeavs = LS 2 arrear 8 [ ] 8 NIREQ GPChgry (Tursis INTREQ 3
oL c3 HS N
MWCCIVE 5152 Ro9T i3 yoTg %’\NWB_HSYNC_I:E 10
i ik 226 g P8 = s T -
SHAVDDIVE 5152 s y y — /N1B_DD 10
AVOD3V3 YOUT? RS564 TuE 1 /N1BD1 10
T SHAVDDAVE 5152 PDN YOUTz 18 /N1BLDZ 10
6 A —CSTVPSISI_PWDN 3 L1
FLLAVDD1VE Now
SSPLLAVDDIVE 5152 RN1E  RPAGKR-Z2
AVDD1VE Youta 9 B e o 0
YOUT4 10 7 .
_ —_ REFM YOUT5 11 & I
= = c343 REFP ouTe 12 |5 e e 10
I2C ADDR AVDDIVE 0.1uF INEEg(N YOUT. VIN1B D7 0
[ F 1
1 => 0xBA (Default) = AVIDT x___m__x
0 => DxB8 Het SCLel 18 SSVINBCLK 10
c3a2 i
01uF HnRRRRER
= 3gzez=ey
- g
Sthurszs
ERETEG
; zz 2 R290 2.2K
= cvesoum L apa ¢ 5  vswomay [ 2— 5L I
AIPIE <] FIDIGLCO |55 |l!
PLL_AGND E SDA SDAS150 51
T PLL_AVDD z SCL |55 SCL5150 51
RTALE XTAL1IOSC DVDD 35— VCC1Ve
- XTALZ . DGND [ YOUTD
AGND z YOouTo 7 YOUTT VCCaV3  VCCIVe
—|resers & YouT =
CRowemn |
g
29 CvBSOUTZ i ﬂ,é é % % % 'g L o |
BOEEREES . 01uF Iu.mF T
US4 TVPSIE0 lo ko sl — L
OUT: -
L OUT:
= 'oU
'OUT!
2 OUTH
OUT,
SCLKI
RESETES150 51
XTALY
52 TE P/N CAP
= 100K
) = Tu.smlm
XTAl 33pF |
I L TVPS150 VIDEO ADC 2CH
i Document Number
A | <Doc> D
Daie: Monday, Apel 17, 2017 FEheet of 53

Hinh 2. 5: Nguyén 1y khéi doc diu vao twong tw composite
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Theo d6, tin hiéu video twong tu tir dau vaio CVBSOUT1&CVBSOUT? s& duoc
dua vao chip ADC; Tai day, thuc hi¢n qua trinh léy mau. Dit liéu dau ra 1a dit liéu da
dugc chuyén dbi kénh mau (ma hoéa). Dir liéu nay dugc day ra trén mot bus song song
8/16/24 bit. Tuy thudc vao cau tao cia cac chip ADC. Trong truong hop nay la 8 bit
(YOUTO dén YOUT?7). IC nay hoat dong v6i thach anh ngoai tin s 14.31818MHz va

bd nhan tan (PLL) s& tao ra tan sb pixel 27MHz cung cip cho qua trinh doc dit lidu.

1.2. DPau vao so

Pau vao video s6 dugc bao gom cac chuan phd bién sau:

A\

] Camera
HDMI SDI USB 3.0 IP/GIigE ]
Link
- Do dai cép: - Do dai cép: - Do dai cép: |- Bd dai cap: | - Do dai cép:
30m 100m 10m 100m 15m
- Bitrate: - Bitrate: - Bitrate: - Bitrate: - Bitrate:
>1000Mb/s 3000Mb/s 2400Mb/s 1000Mb/s >2000Mb/s

Hinh 2. 6: Cac chuan video s6
Bo mach Apollo17 hd trg cac dau vao: HDMI va IP.
e Piu vao HDMI

Trong hinh 3.4 1a nguyén 1y khéi thu tin hiéu HDMI sir dung chip cta hing
Analog Devices (ADV7611).

Tin hiéu HDMI tir dau vao jack 19 chan (J16) dugc dua vao chip nhan (HDMI
receiver), thuc hién qua trinh 1dy mau va bién d6i khong gian mau. Dir liéu dau ra gdm
24bit YCrCb duogc chuyén sang khdi nhan dau vao video 0 trén DSP (VINO_DO dén
VINO_D23).
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3y B TLELIA 500132, 3035, 96,97,389,42 44, 45,46 48 A0 550.52.8

PVDD_1V8 CVDD_1V8

e 0 e o
L5 evsw 11,30.93,45,86,49.50.51 i H 3 cvoo e ]
- I DVDD_1V8| pypp_1vs WT -oDVDDIO_3V3
e STOUTn 13143841 DVDD_1v8
ADVIGNINTI 44 .
et ok 3 T owom s
s 3
PVDD_1V8
"
| S
oasuELD 5
%
o e DVDDIO_3V3
D1 SHELD L %
S ovooova st
DOSHELD — L o
g CVDD_1V8 o —F owe. o
-l o Yy -
CK SHIELD TR TVDD_3v3
= TVDD_3V3 05| V05
CEREMOTE [ fow — s Tvon e
N4 - Lk
i TVDD_3V3 o~ | 1ved
0OC BATA o e
D 1L
s TVDD_3V3 o5 voh
P DET R e
CVDD_1V8 DD
uter e
MTGZ | TS cEc i 4 = -
P T — ‘DocEE 7|
e 4 ook Zlee our speezeBlvason o, =
= i oceon 4 FRIREfsadiifiiie =
HFGET 5|3 ouT i T )
L 0
HHt i
W
ns2e o RS2 i b
am a7 o %
= = o
oocaik o b
B 0
N - a1 I
oocson g n
§ e »
s B
o % °
Rs2r
a3 3 o
Bssizysor e o
S
) m DVDD_1V8
5 = ;Ls)ﬂw 7
BV_S - ERSUARIT GOCSD, 5
!
= f HpDET

Hinh 2. 7: Nguyén ly khoi doc dau vao s6 HDMI
2. Khdi xir Iy

Ngay nay, cing voi su phat trién cua cong nghé ban din va k§y thuat ché tao vat
liéu, linh kién ban dan. Cac cong ty san xuét chip da cho ra doi rat nhiéu cac dong chip
manh mé, hi€u nang cao.

Tuy nhién, mdi nén tang xir Iy c6 mot thé manh khac nhau. Trong khi FPGA cho
phép tinh toan dong thoi nhiéu dir liéu doc 1ap nhu cac phép tinh trén ma tran, xtr 1y
14y mau tdc d6 cao, song song thi DSP lai cho phép tdi wu cac tinh toan sb hoc, logic,
cac vong lap. Con ARM sé& cho phép viéc dé dang porting cac hé diéu hanh nhan
Linux 18n d6 va trién khai cac ung dung dua trén h¢ diéu hanh rét thuan tién va nhanh
chéng. Do d6, cach tiép can dua trén mo hinh thiét ké két hop thé manh xir 1y cia cac
nén tang s& cho phép giai quyét duoc mot 16p cac bai toan xur Iy anh doi hoi khong chi
tbe do va do phtic tap tinh todn cao ma con linh hoat trong diéu khién co ciu chép
hanh.

Qua nghién ciru, phan tich tac gia dé xuat lya chon khéi xir 1y két hop gitta ARM
va DSP. Céc phan tinh toan phuc tap s& duoc thyc thi trén 16i DSP, cac phan giao dién,
diéu khién s& duoc thuc thi trén 16i ARM. Viéc lwa chon 1 chip véi cac 16i xir 1y lai

ghép nhu vay sé& giup tiét kiém chi phi va giam kich thuéc ctia bo mach phan cimg.
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Flexibility

Low NRE

Programmability

ASIC

Flexibility

Low NRE

Programmability

Low Power
Consumption

FPGA

Processing
Performances

Low Power
Consumption

Flexibility

Low NRE

Programmability

DSP

Flexibility

Processing
Performances

Low NRE

Low Power Programmability

Consumption

Processing
Performances

Low Power
Consumption

Mediaprocessor

Hinh 2. 8: Biéu d6 danh gia thé manh ciia cic nén ting

e DSP: Phan xir 1y chinh cua thuat toan sé dugc thuc hién ¢ day bao gém cac
thao tac tinh toan phtic tap, cac phép tinh sb hoc, logic, cac vong lap va cau
tric diéu khién r& nhanh cua thuat toan. Trong qué trinh hoat dong, DSP va
ARM lubn cé su tuwong tac trao doi dit liéu thong qua céc bus giao tiép va céc
duong tin hiéu diéu khién théng qua k¥ thuat giao tiép giita cac qua trinh
(Inter Process Communication). Két qua tra vé 1 ludng video da dugc xtr 1y
s& duoc day ra ngoai dé hién thi hoic truyén di xa.

e ARM: Déng vai tro diéu khién hoat dong chung cta toan hé théng, cung cap

giao dién ung dung, giao dién vdi cac ngoai vi trén moi truong hé dieu hanh

Linux than thién vo1 nguoi dung.

Béang 2. 3: So sanh giira cac dong chip ciia hang Texas Instrument.

Tiéu chi so
sanh DM8148 DM8168 DM3730 TMS320C6678
Gia don chiéc | 48.75d61a/1 | 75.00d61a/l 30.754d61a/1 661.26 d6 la /1 chip
chip chip chip
Ung dung Video Video Audio Automation and
(Applications) | Security Security Automotive Process
Thin Client Thin Client Communications | Avionics and
Video Video and Telecom Defense
Conferencing | Conferencing | Computers and Communications
Video Phones) | Video Phones) | Peripherals and Telecom
Consumer Consumer
Electronics Electronics
Energy Industrial
Industrial Medical
Medical Security
Security Space
Video and Imaging
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Hé diéu hanh | Linux Linux Android SYS/BIOS
(Operating DSP/BIOS Android DSP/BIOS Linux
Systems) DSP/BIOS Neutrino VxWorks
ntegrity Integrity
Windows
Embedded CE
Linux
VXWorks
Loi xtr ly 1 ARM 1 ARM 1 ARM Cortex- 4 ARM Cortex-Al5
ARM Cortex-A8 Cortex-A8 A8
Tan s6 16i xir | 1000 1200 800 1400
ly ARM
(Max.)
Loi xtr ly DSP | 1 C674x 1 C674x 1 C64x 8 C66x
Tan s6 16i xir | 750 1000 800 1200
ly DSP(Max.)
Bo ting toc 1 HDVICP 3 HDVICPs X Packet Accelerator
video (Video Security Accelerator
Acceleration)
Ng0 vao/ra 2 Output 2 1 HDMI TX 2 | 1 Dedicated Input
video (Video | Input2 SD Input 2 1 Dedicated
Port DACs 1 HDMI | Output 3 HD Output
Configurable) | TX DACs 4 SD
DACs
usB 2 2 4 1
PCI/PCle PCle 1 2-lane X 2 PCle Gen2
EMAC 10/100/1000 2X 10/100 4-port 1Gbe
10/100/1000 Switch
DRAM LPDDR DDR2 DDR3
DDR2 DDR3 DDR3L
DDR3 LPDDR
SPI 4 1 4 3
12C 4 2 4 3
UART (SCI) 6 3 4 2
B0 nhd ndi 512 KB 256 KB (ARM 6144 KB
(On-ChipL2 | (ARM) Cortex-A8)
Cache) 256 KB 256 KB (DSP) | 256 KB (ARM
(DSP) Cortex-A8)
Dai nhiét do 0+90 (C)° |[0+90 (C) 0+90 (C) 0+90 (C)
hoat dong 40+ 125 ()™ | -40+125(1) | -40 + 125 (1) -40 + 125 (1)
(Operating
Temperature
Range)
Cong cy phat | Linux EZ Linux EZ Linux Digital Multicore Video
trién Software Software Video Software Infrastructure Demo
Development | Development | Development Kit | for Multicore
Kit (EZSDK) | Kit (EZSDK) | (DVSDK) for Software
for for DM3730/3725 Development Kit
DaVinci(TM) | DaVinci(TM) | Digital Media (MCSDK)
DM814x and DM814x and Processors
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DM816x DM816x
Video Video
Processors Processors
KIT tham http://z3techno | http://z3techno | https://www.isee. | http://www.ti.com/to
khao logy.com/uplo | logy.com/uplo | biz/products/igep- ol/evmk2h
ad/DOC- ad/DOC- processor-
MKT-0015- MKT-0001- boards/igepv2-
03_Z3- 05_Z3- dm3730
DM8148- DM8169-VI-
RPS Data _She | RPS Data_She
et.pdf et.pdf

Ghi chi: ® C = Commercial — chuan thwong mai; ™ | = Industrial — chuan cong

nghiép.

Chip xtr 1y dugc chon 1a TMS320DM8168 cua hang Texas Instrument — My véi gid ca

phtt hop va cac thong s6 ky thuat noi troi nhu trong bang so sanh trén.

Hinh 3.6 1a kién tric phan cing cia chip TMS320DMS8168 vdi tén goi kién tric

Davinci.

Cortex™-A8

32KB 32KB
I-Cache D-Cache

ARM Subsystem

NEON

CPU FPU

256KB L2 Cache

Boot ROM RAM
48KB 64KB

ICECrusher™
Software

<:::>| SGX530 3D Graphics Engine® |

I

512KB On-Chip RAM

DSP Subsyst 1 HD Video Processing

o5 Subsystem (HDVPSS)
DSSYS;U ‘E ~§ Video Capture
Eh . -
32KB é g é Display Processing
L1 Pgm L1 Data

> I = -m

256K8 L2 Cache Se| |z [ s00s0 |
= 0 5
E % § HD VENC SDVENC

AET &8
HD DAC: SD DAC:
- [Ho 0AGs |
System MMU Ul T O HDMI Xmt

s

—
—

gl

System Interconnect

-
—

[

System Control Peripherals
Serial Interfaces Program and Data Storage DMA Connectivity
Real-Time
PRCM McASP DDR2and DDR3| | @PMC EMAC
Clock @) McBSP 32-bit and EDMA GMIland MIl| | MDIO
P (2) ELM (Upto2)
imer
JTAG
(7 SPI I(22l')2 SATA sD UsSB2.0 PCle 2.0
3 Gbps SDTB" Ctrl and PHY | | (One Port,
Watchdog (2) 2) x2 Lanes)
Timer UART
@3)

Hinh 2. 9: Kién tric chip xir Iy TMS320DM8168
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http://z3technology.com/upload/DOC-MKT-0015-03_Z3-DM8148-RPS_Data_Sheet.pdf
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Hinh 2. 10: B6 tri chéin ciia chip TMS320DM8168

(gém 1031 chan dang cau, khoang cach cac chan 0.65mm)

Trong do,

Loi xur ly ARM:

L&i xtr Iy ARM duoc thiét ké str dung kién tric ARM Cortex-A8. Loi xir 1y nay c6 thé

duoc dung dé diéu khién viéc trao ddi dir liéu giira ARM-DSP, diéu khién hoat dong cua céac

ngoai vi va bd nhd ngoai (bo nhd DDR3).

DEVOSC —¥ SYSCLK2

L3 DMM
64%% 64 128%%128

System Events

%A28

ARM Cortex™-A8

32KBL1$|32KBL1D$

256KB L2$

Trace«——| ETM | NEON

Debug 1__________J
D

ICECrusher

Arbiter 32 ARM Cortex-A8
|  Interrupt Controller
(AINTC)
32
64 48KB ROM
64 64KB RAM

Hinh 2. 11: Kién tric 16i xir Iy ARM
L5i xir Iy ARM bao gom cic tai nguyén sau:
Nhan xir Iy ARM Cortex-A8 kién trac RISC.
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- Khéi theo déi cac module (ETM)
- B diéu khién ngit (AINTC)

- B0 nhd dém no1 64KB

- B0 nho ndi chi doc 48KB.

e Loixuly DSP:
L6i xtr Iy DSP bao g0m céc tai nguyén:
- Khoi xur ly tinh toan C674x
- 32KB b6 nhd chuong trinh L1P véi mé phat hién 16i (EDC)
- 32KB b6 nh¢ dir liéu L1D
- 256KB bo nhé dém L2 véi ma sira 16i (ECC)
- Két ndi truc tiép dén khéi HDVICP2

32K Bytes
L1P RAM s HDVICP2 Host
and Cache with ECC SL2 Port
with EDC
256 256 256
P — 256 P —
Cache Control a— > Cache Control
Memory Protect L1P o Memory Protect L2
Bandwidth Mgmt = =] Bandwidth Mgmt
256 256
Power Down
Instruction Fetch ] 256
Interrupt
Controller
C674x+ CPU ——
| | [rowa ]
File A File B 256
64 64
Bandwidth Mgmt CFG
N EMC 32
Memory Protect L1D |e «+—»| Peripherals
Cache Control
MDMA SDMA
8x32 128 128
32K Bytes High-
L1D RAM Performance
and Cache Switch Fabric

Hinh 2. 12: Kién truc 16i xir Iy DSP
B ndo cua 16i xtr Iy DSP 1a khéi xir 1y trung tam C674x. CPU ndy bao gdm 8 don
vi chtrc nang, hai t¢p thanh ghi, hai duong dan dit liéu nhu thé hién trong hinh 3.10
Hai tap thanh ghi chtrc ning chung (A va B) mdi thanh chira 32 thanh ghi 32 bit.
Tao nén tong 64 thanh ghi chtra dit liéu hodc con tré dit liéu trong qua trinh xur 1y
tinh toan cua CPU.
Tam don vi chtc ning gdm (M1, .L1, .DI, .S1, .M2, .L2, .D2 va .S2) déu cb
kha nang thyc hién mot chi Iénh trong mot chu ky xung nhip (clock cycle).

Pon vi chtic nang .M thuc hién toan b cac phép tinh nhan. Cac don vi .S va .L
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thuc hién mot tip cac phép tinh sd hoc, 16-gic va r& nhanh. Pon vi chic ning .D
chu yéu thuc hién viéc tai dir liéu tir bd nhd dén cac thanh ghi va luu két qua tir
thanh ghi vao bg nhd.

biéu dic biét 1a mdi don vi .M ciia CPU C674x c6 kha nang thuc hi¢én trong 1
chu ky xung nhip: mdt phép nhan 32x32 bit, mot phép nhan 16x32 bit, hai phép
nhan 16x16 bit, 4 phép nhan 8x8 bit... Uu thé nay duoc tan dung dé tdi wu céc

thuat toan xtr Iy anh gitip cho viéc tinh toan giam di rat nhiéu lan.

- —

Ewven

srcl )
regisier
repester file .

{AD, A2,

(A1, A3, Ad._A30)

so? AB__AZ1)

L1

iy [
even dsl »

lang src

aven dst
5q odd ds!
srcl

™oy

Data path A <

src?

(A}
B}

dst2
dstd
srcl

k. k.
o S
\H.\ég % I J; % % ;L

k4

M

src?

{Ch

Lo 32 M8
3238

LD1a

W

1) ] sl

src?

o regisier
- file B
y (B0, B2,
file B iy
(B1, B3, B4._B30)

B5_B31)

3
A Ao

[ p—d I
LDz 3ZMEE, -

src?
Ch

§

g

Fny
11

dst? el B
dsti o in)

!

src?

2

srcl

B2 o ded >
Data path B <, even dst o™
lang sro b

B[]

LT
3ZLEH
»

ST2b 4

0

long s
awven dsd
add ds!

i [12}]

src?

srcl

| contral Register

Hinh 2. 13: Kién tric CPU C674x
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3. B nhé
B0 nhd sir dung trong thiét ké ctia Apollo17 gom 2 loai sau:
3.1. B¢ nho lwu triv

Bo nh¢ luu trit bao gom IC nhé Flash ciu trac SPI duoc dung dé lwu trit chuong
trinh u-boot va thé nhé dé luu trit nhan linux da duoc bién dich cong véi céc file hé

théng (root file system).

SPI_MOSI 2 SPI_MISO

SPI_SCLK

SP1_CS0

&3 SPI_CS0C- o ava cs
h 8 1 vee
cs09 25128/S0IC8
0.1uF

Hinh 2. 14: Nguyén ly két ni dén b nhé SPI Flash
Loi xir Iy ARM sé& giao tiép vai bo nh¢ flash thong qua giao thirc SPI. Qua trinh khoi dong s&
gdm 2 budc:
- Budc 1: Hé thong s& goi dén chwong trinh u-boot trén bd nhé SPI. Cau hinh cac 151 xir
1y va cac ngoai vi can thiét. Budc nay goi 1a “first stage boot”
- Budc 2: Sau khi da khoi tao thanh cong, hé thong goi dén nhéan linux. Liic nay nhan
linux dugc copy vao b nhé dém DDR3 dé thuc thi va tiép tuc goi dén cac driver con
lai ciing nhu giao dién hé didu hanh. Budc nay goi la “second stage boot”.
Ngoai ra, cling c6 thé str dung 1 thé nhd microSD duy nhat dé luu trit ca chuwong trinh u-boot
va nhan Linux cong voéi cac file hé thong.
Qué trinh khoi dong cling van gdm 2 budc nhu trén.

Thoi gian khoi dong tiy thude vao kich thudc ciia cac file hé thong va sé driver duoc
cai dat. Thong thudng thoi gian khoi dong tir 15 dén 30 giay.

3.2. B nho dém

Bo nhé dém duoc st dung trong thiét ké ndy 1a bd nhd DDR3 (Double Data Rate Type

3). La mot loai bo nhé truy cap ngau nhién dong, co tde do truy cap dir li¢u cao.

Chip TMS320DM8168 bao gdm 2 khbi diéu khién bd nhd dém véi do rong dir licu
trao do6i ti da 1a 32 bit.
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32-bit DDRY EMIF

DOR{Y] or DOR{1]
DOR[x]_ELK[1] |— e
X — MG
DDR{x]_COT[1] }— m !-g;!zh.sﬁ a-g:"!i::;
= |
DOR{x]_D{31] . par
H A H
nnmx]_::m] pao
DOR{x]_DOM3] DIAITES
Ne—] THGE
DOR{x]_DOS(Y] Das
DORE_DGSA] i3
DOR{x]_Df23] . DT
H A H
nnm:]_l':-m] Dat
DOR{x]_DOM2] DMITOS
Ne—| THGE
DOR{x]_DOS{2] DOs
DOR]_Da5[2] OGE
DOR{x]_D[15] Dar
H ¥ :
DOR([x]_D{E] Dao
DDR{x]_DaM1] DMITES
NC—] TOGE
DOR{x]_DOS]1] Das
DORE_DGS[T] =4
DOR[x]_0{T] . Da?
: . i
DOR(x]_Do] O
DDR[x]_Dasa] - DMITQS
LDR{x]_DGS(0] ]D;_:_
TOR[=]_DOS[0] 0.1 F
SR e = = & - R e
- 5
DOR[x]_ODT[E] onT onT onT oot
DOR[=_C50] 23 [ o= [
nnp.;:Lmn] BAD BAD BAR BAD
DDRx]_BA[1] BA1 BA1 Bt BA1 DOR_VTT
DOR{x]_BA[2] BAZ BA2 BAZ BA2
DOR[x]_A[0] A0 An A0 An Za
: L] H : : :
. - - - -
DOR{x]_A[14] a4 A4 At A4 Za
DOORI=]_CAS CAS CAS TR CAE
DDOR[x]_RAS FAE RAS FAE FAS
x] WE WE WE WE
DOR{x]_CKE CKE CHE CKE CKE
DOR[x]_RST =T RET ET =T DDR_VREF
L—MN— a q W ] el ﬁ"\"\"‘j
= 20 | vreFoa [ vReFoQ m — ml— VREFDG [ vreFoa m =
VREFSSTL_DDR{x] _L VREFCA VREFCA _I_ VREFCA _I_ VREFCA
T uapF T etpF T aapF T otpF T o
DORjx] VTP MM 1

50 0 {£2%) =

Hinh 2. 15: M6 hinh két n6i DDR3 8 bit.

Nhu vay, néu dung DDR3 loai 8 bit thi phai can két néi 4 DDR3 vao 1 bo dicu
khién EMIF trén chip xu 1y.

Trong trudng hop ding DDR3 loai 16 bit thi ta chi can két ndi 2 DDR3 cho mot
b6 diéu khién.

Ngoai ra, viéc thiét ké layout khéi DDR3 kha phirc tap va can tuan thi nhiing
nguyén tic khat khe vé do dai cic duong tin hi¢u (xung nhip, dir lidu va dia chi),
khoang cach gitra cac IC va viéc bd tri céc tu loc.

Tham khao cac ky thuat layout cho DDR3 trong tai liéu [11] - “DDR3 point-to-

point design support” ctia Micron.

4. Dau ra video

Video sau khi xir 1y dugc truyén ra ngoai theo 2 cach
Mot 13, hién thi ra man hinh thong qua giao dién HDMI
Hai 13, duoc nén va truyén ra ngoai thong qua giao dién IP.
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e Diu ra HDMI

Chip TMS320DM8168 ho tro 1 dau ra HDMI truc tiép. Do vay, viéc xuét dit liéu ra
man hinh HDMI khé don gian. Trong thiét ké chi can sir dung thém mot IC dém murc

tin hiéu két ndi v6i jack HDMI chuén 1a dat yéu cau.
e DPiuralP

Khéi truyén théng Ethernet trén chip TMS320DMS8168 hd tro toe do truyén tbi da
1Gbps.

AVDOHD TIRAME
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| : ﬁ
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wmos  moow aeoLpus |
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—e
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= =
shabmmadanndsy
EREL
KEZB021GHI
Lo

Strapping pin for IED Mode amd CLX128 Enable

4 o Dok ovooke
b my
1 B
i EmTe
E— = -
1 ERTo o -
1 e
s, cueias oo m v
- s - LemmMopE = 1 cImLzs BN = 1
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Hinh 2. 16: Nguyén Iy két néi IC giao tiép Ethernet
Thiét ké khdi dau ra IP sir dung 1 IC chuyén dung gitp truyén tai tin hiéu mang & tang
vat ly.
5. Khdi cAp nguodn

Ngudn cap véi dau vao dai rong 5V ~ 36V@3A cung cép ngudn t6i cac mach ngudn thi
cap 3,3V, 1,8V, 1,2V, 1,0V cép cho cac chipset trén mach.

S6 lugng cac ngudn thir cip duoc liét ké trong bang sau:
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Bang 2. 4: Danh sach ngudn cép cho chip DSP

TT | Dién ap (Volt) St dung

1 12 Nguon dau vao

1 5 Nguon nudi thir cip tong. Cung cap cho cac IC ngudn thir
cap thap hon

2 3,3 Cung cap cho DSP, khoi HDMI, cung cap cho cac IC
ngudn thr cdp thip hon

3 1,0 Cung cip cho DSP

4 1,5 Cung cap cho DSP, DDR3

5 0,9 Cung cip cho DDR3

6 1,0 Cung cap cho DSP

7 1,8 Cung cap cho DSP

Thi tu khoi dong cia cac ngudn cap dudi 3.3V phai tuan tha nhu hinh sau:

3.5 ~
+ EVM_3V3

I?ién
Ap (V)

Thoi gian (ms)

Hinh 2. 17: Thir tw khéi dong ciia cac ngudn cip cho DSP
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6. Gia cong ché tao
San phém da hoan thién phién ban 1.0 va dugc gia cong ché tao thu nghiém tai mot

nha may ¢ Han Quoc.
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Hinh 2. 18: Ban vé gia cong bo mach thir nghiém
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Hinh 2. 20: Ban vé lip rap linh ki¢n mit dwéi
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CHUONG 3: PANH GIA HE THONG VOI THUAT TOAN MAU
= Gioi thiéu thudt todn

= Trién khai thudt todn va danh gid

Nhu vdy, sau khi hoan thanh ché tha bo mach miu. Chung ta bét tay vao qua
trinh bring-up bo mach (tham khdo muc [12] - B6 cong cu hé tro phdt trién phan mém
Linux EZSDK) , thiét ké phan mém va thir nghiém thuat toan mau dé danh gia kha
nang xu ly ctua thiét bi. Thuét toan duoc luya chon dé danh gia la thuat toan phat hién
muc tiéu chuyén dong. Day 1a mot bai toan kinh dién trong xtr Iy anh va ¢ nhidu ung

dung trong thuc té, dac biét 1a cac bai toan gidm sat an ninh.
1. Giéi thiéu thuat toan
1.1. Dt vin dé

Phat hién dbi tuong chuyén dong trong chudi hinh anh 1a mot trong nhiing budc
dau tién cua bai toan giam sat doi tuong, nham dua ra cc thong tin vé ving chira ddi
tuong chuyén dong, sé lwong va mat do déi tuong.

Phat hién chuyén dong cung cip dau vao cho qué trinh theo ddi déi tuong.

Hinh 3. 1: Minh hoa phat hién chuyén dong
Trong dé tai nay, xem xét ngir canh video str dung thir nghiém 1a cac video duoc
quay tir cac camera lap c6 dinh theo ddi mot viing khung canh tinh, tic anh nén trong
video thu duoc 1a anh nén tinh khong thay d6i. Khi d6 cac déi twong chuyén dong co
thé phét hién bang cach so sanh frame hién tai véi 1 anh nén (background) dé tach nén
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ra khoi anh hién tai. Phuong phap nay goi chung la background subtraction. Sau khi
tach nén, mot loat cac phép hau xu Iy s& duoc ap dung dé khoanh ving d6i tuong.
Céc thuat toan phét hién chuyén dong khi dwa xudng trién khai trén nén tang

nhung

1.2.

duoc danh gia dua trén cac yéu tb sau:

Do phuc tap vé thoi gian tinh toan

Yéu cau vé bo nhé dé luu trix cac tham sé thuét toan
Hiéu qua phét hién chuyén dong

Mo ta thudt todn

Nhu d3 gidi thiéu ¢ phan trudce, d6i véi video c6 anh nén tinh (static scene), cac
d6i twong chuyén dong c6 thé phat hién bang cach so sanh frame hién tai véi 1 anh nén
(background). M6 hinh chung cho thuat toan Background Subtraction nhu sau:

Frame Background
Input Subtraction processing Obiject

Foreground Post Moving

Hinh 3. 2: M6 hinh ciia cic thuit toan Background subtraction

Phép tach nén dé tim anh foreground duoc thuc hién nhd mot background model.
Background model duoc xay dung, cap nhat va str dung trong tirng frame anh. Tai moi
thoi diém, frame anh hién tai duoc dem ddi sanh vai mé hinh background, pixel nao

cé gia

tri muc xam chénh léch vuot qua 1 ngudong T theo mot d6 do thi dugc coi la

foreground pixel. Sau d6 mot loat phép hau xir Iy (post-processing) duoc &p dung dé

hiéu chinh lai cac foreground pixel va dua ra toa do viing chira dbi tugng chuyén dong
thuc su trong anh.
Mot s6 md hinh background phé bién :

Difference frame : Tai frame hién tai, st dung frame truéc d6 nhu la
background
Adaptive Median Filtering (AMF) (hodac Running Average) : Background dugc
tinh dua trén trung binh cé trong sb cua cac frame trude d6 (cac frame gan thoi
diém hién tai thi cd trong s cao hon).
Mixture Of Gaussian (MOG) : Gia tri méi pixel duoc md hinh hoa bdi K phan
bd Gaussian, cho phép giai quyét truong hop tai mot pixel ¢é nhiéu gia tri duoc
coi la background.
Running Gaussian Average (RGA): Truong hop riéng caa MOG, chi st dung 1
phan phdi Gaussian cho mdi pixel.
Visual Background Extractor (VIBE) : Khong sir dung md hinh thong ké dé dai
dién cho phan b cua pixel ma st dung tap céc gia tri pixel & N frame trude do.
Viéc cap nhat md hinh dua trén phuong phap chon loc ngau nhién.
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Thuat toan Runing Gaussian Average coi mdi pixel caa nén cd gia tri mac xam
bién dong theo mot phan phdi Gaussian. Khi dbi twong chuyén dong di qua nén, gia tri
muc Xam caa pixel sé thay doi dot ngot, nam ngoai phan b Gaussian cua pixel. Thuat
toan RGA dat dugc d6 chinh xac tét vai nén it dong, vai tée do tinh toan cao, dé trién
khai trén nén tang nhang.

1.3.  Ni dung va lwu do xiv Iy thudt todn

Post-processing

Pixel Level
Processing

l

Connected
Region

|

Region Level
Processina

|

Moving
Object

Detectinn

Hinh 3. 3: So’ d6 thuét toan phat hién chuyén dong

% Module xi ly chinh (Foreground Detection)
MG&i pixel tai 1 vi tri ndo d6 dugc dic trung bdi mot phan phdi Gaussian sau:

P(x) =n(X —14.,%) (3.1)
Trong do6:

P(X,) : 13 x4c suét tai thoi diém t, quan sat duoc pixel nay co gia tri mirc xam
la X
L, : 12 gia tri trung binh cua phan phdi Gaussian tai thoi diém t
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o,:1a do léch chuén cta phan phéi Gaussian tai thoi diém t

2, =0 tz | : 14 ma tran hiép phwong sai ciia phan phbi Gaussian tai thoi diém t

Tai thoi diém t + 1, khi pixel c6 mdt gid tri mirc xam mai, gia tri nay s€ dugc dbi

sanh xem c6 thudc vé phan bd Gaussian khong nao dua trén khoang cach Euclidean
giita gia tri pixel hién tai va gia tri trung binh. Néu pixel thudc phan phdi Gaussian
(matching) thi pixel nay dugc coi la background, nguoc lai pixel dugc coi la

foreground. Duéi day 1a cac budc xdy dung mé hinh théng ké cta thuat toan.
e Khéi tao mo hinh:
Str dung N frame déu tién trong chudi anh dé khoi tao mé hinh Gaussian cho mdi
pixel. V&i mdi pixel, ta s& khéi tao:
13 . ) 1 J 2
Ho =D % va oy =——= > (%~ 1) (3.2)
N = N-143
X, :1a gia tri mirc xdm cua pixel nay trong frame thtr i ctia N frame khé1i tao
Khi N =1, taco tf, =X, va o,=m duoc chon sin dya trén danh gia vé sai khac
giita pixel background va foreground (thuong lay m tir 5 dén 20).
e Cap nhat mé hinh:
Gia str ta ¢ tham s6 £4,_;, 0, ; ctia phan phdi Gaussian tai thoi diém t-1. Tai thoi
diém t hién tai, pixel cé gia tri mac xam méi 1a X, . Céc tham sé duoc cap nhat nhu
Sau:

Ho=ax, +1-a)u,
Gtz =ad®+(1- a)o-tz—l (3.3
d= |Xt - /ut|
Trong do6:
« : 1a learning rate, biéu thi toc do cap nhat background, dugc chon ¢ dinh.
-« lon: dédc trung cho su cap nhat nhanh (quick update), thich hop cho phat hién
chuyén dong nhanh. (a > 0.02). q
- o nho : ddc trung cho su 6n dinh (stability), thich hop cho phat hién chuyén
dong cham (o < 0.02).
d :1a khoang cach Euclidean giita gia tri trung binh cta phan phdi va gid tri

pixel hién tai.
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¢ Phan loai background/foreground:

M >k — foreground pixel

Oy

I = a4l < k — background pixel

Oy

(3.4)

Trong d6 k la ngudng chi mirc d0 dao dong cho phép cua gia tri pixel
background so véi gia tri trung binh ctia phan phdi (k thudng chon 13 2.5)

-k 16n : thi cho phép gia tri mic xam cua pixel bién déng manh, dbi tuong
chuyén dong can c6 muc xam chénh 1éch 16n so véi nén = loai dugce nhiéu
nhiéu, thuong ap dung cho khung canh video rd nét.

-k nho: biéu thi nén it bién dong, phat hién tbt cac

- bién dong nho, thich hop cho phat hién ddi twong nho, mo, tuy nhién giy ra rat
nhiéu nhiéu.

Khi mot pixel 1a foreground thi gia tri ciia né khong tuan theo phan phdi, vi vay
khong nén st dung gia tri ndy dé cp nhat mo hinh Gaussian. Ta chi cap nhét gia tri

trung binh cia phan phdi ddi véi pixel dugc phan loai 1a background.
e =My +Q=M)(ax +1-a)u_,) (3.5)

Véi M = 1 néu pixel 1a foreground, M = 0 néu pixel 1a background.
¢ Module hau xir ly (Post-Processing)

Thuat toan hau xur ly phan tich anh foreground, khoanh vung dua ra toa d6 cac
d6i tugng chuyén dong.
Do tac dong caa nhidu, anh nén thuong khéng on dinh hoan toan ma cé su doi
chd nho hoic cé cac chuyén dong nho khéng mong mudn, khi d6 mot s van dé sau s&
nay sinh:
- Nhiéu foreground pixel khong thudc dbi twong chuyén dong thuc té
- Déi tugng chuyén dong bi chia manh do xuat hién cac ving den (background
pixel) gitra viing triang (dbi twong chuyén dong)
- Dbi tuong kich thudc 16n bi chia manh 1am nhiéu ving tring riéng biét
- Xuét hién cac ving trang do cac chuyén dong nho, tam thoi gay ra.
Thuat todn hau xir 1y s& loc cac ving tring trong anh, giam xac suat phét hién
nham.
e Pixel Level Processing
Muc dich : loai bo cac foreground pixel sinh ra béi nhiéu
Str dung cac phép bién ddi hinh thai hoc (morphological) : phép dn mon (erosion)

sau d6 dén phép gidn ng (dilation).
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o Sitr dung phép dn mon: loai bé cac ving trang nho cd lap
o Str dung phép gi&n na: loai bo cac hd den trong ving tring, bu phan duong
bao cua d6i twgng bi dn mon.

e Connected Region

O cac budc trén, ta chi 1am viéc véi anh foreground, & bude nay cac vung dbi
tuong s& duge xac dinh. Mdi ving ddi twong dai dién boi tap cac diém trén dudng bao
xap xi cua vung. Cac dbi twong chuyén dong 16n co thé bi chia thanh cac ving nho.
Phuong phap don gian nhit 1a ndi cac ving tring gan nhau lai. Sau d6 mot sé phép xir
Iy lién quan dén cac ving dbi twong dwoc ap dung géom:

- Kiém tra s6 luong d6i turgng hién cé trong frame anh : néu sé lugng ddi twong

vuot qua ngudng thi bo qua phat hién chuyén dong tai frame nay.

- Kiém tra kich thudc (dién tich, chu vi) cta ving ddi twong : néu 16n vuot qua

mét ngudng thi viing nay khong dugc xem la chuyén dong.

e Region Processing

Puong bao ddi tugng chtra rat nhicu diém, thuc sy khdng can thiét cho xu ly phét
hién, ta chi can lay hinh chit nhat bao quanh ddi tuong. O buéc ndy mdi ddi tuong sé
coi nhu &ng v&i mot hinh chir nhat trén frame anh. Tuy nhién, néu coi cac hinh chix
nhat 1a cac d6i tuong thuc su thi s& khdng loai dugc cac nhidu do chuyén dong nho gay
ra . O budc nay, cac hinh chir nhat s& duoc gan dinh danh, biéu thi né thudc vé dbi
tuong nao ¢ cac frame trudce do.

- Néu hinh chix nhat nay 1a vi tri tiép theo cua mot dbi tuwong, thi cap nhat vi tri
mai nay cho ddi tugng

- Néu hinh chir nhat nay 1a c6 lap, khéng gan mot dbi twong di gan dinh danh
nao trudc do, thi mot dinh danh mai s€ duoc tao va gan cho hinh chir nhat.

Di kém d6 13 thuat toan dy doan quy dao, dwoc dung khi mot déi twong bi mat
dau, vi tri du doan s& duoc tinh va cap nhat vao quy dao, gitp duy tri theo ddi duoc
d6i twong khi dbi twong co tro lai.

< Danh gia thuat toan

Viéc danh gia mot thuat toan bat ky thuong dua trén 3 yéu td: 6 phuc tap tinh
toan; bo nhé str dung va hiéu qua (chat luong) cua thuat toén.
- Do phuc tap tinh toan: O(n) véi n 1a kich thude frame anh (sé luong pixel dugc
duyét).

- B0 nh¢ trong luu trit nhu bang duoi day:

Dir li€u Dung lugng
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Input frame buffer 720x576x8 = 3.1MB

Output frame buffer 720x576x8 = 3.1MB

Variables 10*32bit

Internal memory 4MB cache

- Hiéu qua tinh toan (xem bang 3.1)
2. Trién khai thuit toin

Thuat toan phat hién muc tiéu chuyén dong (RGA) di dugc viét trén ngdn ngir
C-++ va trién khai trén nén tang DSP cua thiét bi Apollo17.

Két qua danh gia cu thé nhu sau:

Bang 3. 1: Két qua danh gia thuit toan phat hién chuyén déng

STT | Chi tiéu, tinh nang Thong $0 Pon vi

1 | Xac suat phat hién d6i tugng trong diéu kién thuong 94,2 %

Xéc suat phat hién doi tuwong trong diéu kién anh
2 ) . 92,8 %
sang yéu < 15 lux

3 | Xac suat phat hién d6i twong v4i camera nhiét 96,0 %

4 | Kich thudc ddi twong nho nhét cé thé phat hién 8x10 Pixel

5 | Xac suat phat hién nham d6i twong 4,5 %
S6 lwong d6i tuong chuyén dong co thé phat hién ‘.

6 \ N 30 Do1 tuong
dong thoi
Do nhay thuat toan theo mirc xam 20/255 Mirc
Téc @6 xir Iy trung binh 100 Hinh/giay
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3. Mt s6 hinh anh thir nghiém

Hinh 3. 4: Phat hién trong diéu kién thiéu sang

Hinh 3. 5: Phat hién v6i anh nhiét
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KET LUAN
4+ Nhirng két qua dat duoc
Dé tai da thuc hién thanh céng nhiém vu dit ra véi muc tiéu chinh:

+ Nghién ciru, thiét ké thanh céng bo mach phan cimg Apollol7 (dang KIT phat
trién) cho phép thue thi cdc thudt todn xir Iy anh phike tap thay cho mdy tinh.

+ Thiét ké d3 dugc ché tao thu nghiém, chirng minh hoat dong, dap timg 100%
chi tiéu yéu cau.
4 Hudng phat trién tiép theo
Hudng phat trién tiép theo cua dé tai nay do la:

- Tbi uu kich thuéc bo mach xudng dudi 10x10 cm. Trang bi cho cic may tinh

nhung phuc vu muc dich xtr Iy hinh anh trong cac tng dung Quan sy va Dan su.

Hinh 4. 1: Minh hga may tinh nhiing dung trong Quéan sy

- Trang bi cac dau vao tdc d6 cao (>100fps) phuc vu muyc dich lap dat trén cac may
bay khong nguoi 1ai UAV. Cho phép xtr 1y hinh anh trong qua trinh bay trinh sat.

Hinh 4. 2: Minh hga @wng dung cho may bay UAV
- Céc két qua nghién ctru ctia dé tai nay c6 thé sir dung phuc vu muyc dich dao tao,

phat trién cdng nghé xt 1y anh trén nén tang nhing.
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San phiam tham khao

@ Video Tracker 8200: http://www.eoimaging.com/documents/8200 R1.pdf

@ |GEPV2: https://www.isee.biz/products/igep-processor-boards/igepv2-dm3730

) OZ745: https://www.avnet.com/shop/us/p/kits-and-tools/development-kits/avnet-
engineering-services/aes-0z745-3074457345623375756/

4) 73-DM8169-VI-RPS: http://z3technology.com/oem/Product/Z3-DM8169-VI-
RPS/32.html
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PHU LUC: HO SO THIET KE NGUYEN LY SAN PHAM
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