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Abstract— Cung v6i su phat trién ciia cdng nghé ban din, mat do
tich hop ngay cang cao. Cac hing sin xuit chip 16n di cho ra doi
cac vi xir ly ¢6 kha ning tinh toin diu phidy dong, téc d tinh
toan Ién dén hang nghm triéu 1énh trong mot giay (>1000 MIPS)
tir nhirng nam 2010. Ké tir do, nguoi ta da quan tam nhiéu hon
dén viéc dwa cac thuit toan tinh toan phirc tap Ién cac vi xir ly
nhé gon, tiéu ton it ning lu’o’ng aé tao ra cac nen tang xir ly thong
minh, hd trg con nguoi nhiéu hon trong cac rng dung xir ly hinh
anh. Tir nhirg két qua tim hiéu, phén tich sin phim ciia cac
hang l6n trén thé gioi. Nhom tac gia dé xuét n01 dung nghlen ciru
chinh ciia d& tai 12 nghién ciru, thiét ké nén ting phin cing
nhing cho phép thue thi cac ung dung xir ly dnh, dap u’ng thoi
gian thue véi muc dich thiét ké, ché tao thanh c6ng mot nén ting
Xt Iy tinh toin manh mg, ho tro’ thye thi cic thuit todn xir 1y 4nh
phtrc tap, tiéu tén cong suét thap, nho gon thay cho nén ting may
tinh thong thwong.
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I. GIOITHIEU

Thiét bi xtr Iy anh thoi gian thue duge dé xuat nghién ciru,
ché tao phuc vu viéc xay dung nén tang phan cing nhiing c6 tai
nguyén va nang lyc xir ly du manh dé thuc hién mét loat cac
bai toan ing dung trong linh vyc thi gidc mdy tinh; Vi dy nhu
tién xur 1y anh, loc nhiu, phén tich video hay chéng rung hinh
anh.

Trong qua trinh dinh nghia san pham, tac gia da tham khao
rat nhiéu cac cdu hinh san pham khéc nhau cta cac hang trén
thé gidi. Trong do, ndi bat 1a thiét bi bit bam muc tiéu téc do
cao Video Tracker 8200 (1) cua EOImaglng M), thiét bi xur
1y anh trén nén tang DSP IGEPv2 (2) cua ISEE (Tay Ban Nha),
KIT phat trién xur ly anh OZ745 (3) cia Omnitek (Anh), KIT
phat trién Z3-DM8169-VI-RPS (4) cua Z3 Technology (M¥)
[1-4].

Hinh 2: Thiét bi xur ly“énh Video Tracker 8290 [1] i
Trong so do, ta co thé phan tich hai san pham ti€u bi€u la:
Thiét bi xtr ly anh bat bam muc tiéu Video Tracker 8200 —
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EOImaging (M¥). Thiét bi duoc thiét ké chuyén dung cho muc
dich bit bam muc tiéu. C6 kha ning bit bam theo nhidu dic
trung khac nhau nhu muc xam (intensity), duong bao (edge),
so khop tuong dong (correlation), vv... Do d6, phu hop véi
nhiéu bai toan bit bam khac nhau, trong timg diu kién moi
truong, voi timg ddi tuong cu thé.

Mot dic diém vuot tréi cia san phim nay 14 c6 bing théng
dAu vao 16n, c6 thé xir ly véi tdc do bit-rate dau vao 1én dén
3Gbps (twong tng véi do phan giai 1080p, tbc do 60
hinh/gidy), dong thoi co thé xu 1y véi ca ddu vao video dang
tuong tu (PAL/NTSC) hodc dang $6 3G-SDL

Céc thanh phan xir 1y chinh ciia sin pham 14 chip DSP ma
TMS320C6455 ciia Texas Instruments. Dong thoi dé xu 1y dit
litu diu vao tbc dd cao, mét module FPGA (Spartan 6
XC6SLX100) duge sir dung dé thyuc hién doc va tién xu 1y dit
liéu trude khi dua vao xir ly tinh trong DSP. Module FPGA
ndy cling lam nhlem vu diéu khién viéc xuat dit liéu ra nhimg
chuan tuong ty, s, twong g v6i dau vao. Trong khi xir Iy v&i
tbc do rét cao thi kich thudc cua thiét bi chi bang 114x127
(mm), va cong suat tiéu thu chl vao khoang 12W.

Hinh 1: KIT phat trién xir Iy 4nh va streaming video cua Z3
Technology [4]

V6i KIT phat trién xir 1y dnh va streaming video Z3-DM8169-
VI-RPS (M¥). KIT phat trién Z3-DM8169-VI-RPS c6 kién
trac gdbm 2 chip xu ly chinh 13 DSP DMS8168 va FPGA
Spartan 6. San phim hd tro cac ddu vao video: Component,
HDMI, 3G-SDI, ddu ra HDMI, 3G-SDI. Khéi xtr Iy gdom 1 15i
ARM cortex A8 téc do 1.2 GHz va 1 16i DSP C674x toc do 1
GHz. V& tinh ning, ngoai cac tinh ning xir Iy anh ma thu vién
TI hd trg, KIT con cho phép céc tinh ning ma hoa H.264 va
MPEG-2. Xt ly voi d6 phan giai 1080p/i 60fps. Kich thude bo
mach 12 218x90 (mm). Cong suit hoat dong: 14W.



II. YEUCAU VA THIET KE CHI TIET PHAN CUNG - DSP clock: >
HE THONG 600MHz , '
N Q}la phéu} tich cac Asén p.}lfim'thgm, khéo tif:u b;iéu,‘y chﬁng’téi dgloptlig; 1§gntg an
da dinh nghia san pham thi€t bi xur 1y anh trén nén tang nhing - Téc do tinh todn:
voi tén‘goi Apollol7. So d6 khoi kién tric xur ly cua Apollo17 > 4000 MIPS.
dugc dé xuat nhu sau: - ARM clock: >
4 | Chipxily 1 800MHz ) _ | TMS320DM8168C
- Pau vao video: ho | CYG2/TI/My
trg 2 du vao song
song
KHOIDAUV A0 - Pau ra video: hd
v ’<> T e - ’ trg céc ddu ra tuong
T tu, s6 v&i cac do
phan giai khac
. nhau.
| o l ¢ | Bjnhé
- SPI Flash . W25Q64FVSSIG
o P > momoa > 1] oambit /Winbond/Pai Loan
Hinh 3: So d6 khoi kién triic nén tang Apollo17 DDR3 MT41J256M8DA-
Trong do, 6 4 | 256Mbyte 093:K
1. Piu vao video: Nhan ludng video tir ddu vao tuong /Micron/My
tr chudn PAL/NTSC hodc tir ddu vao sd IP. NAND ) MT29F4G16ABAD
2. Khéi xir Iy: Khéi xir Iy thuc thi nhiém vu xir Iy tin | 7 | Flash 1 | 512Mbyte (4Gbit) | AH4- X
higu hinh anh thu nhan dugc tir dau vao. Pam bio IT:D/Micron/ My
A . 1 g D . A .1 B¢ nh¢g TPD12S521DBTR/
viéc xur ly dap ung thoi gian thuc (thoi gian xu 1y 8 1 | >4GB -
o > 2 oo eMMC TUMy
ph.m nho hon 40.ms"~ 25 hinh/giay). Khoi xur ly dugc d | Diu ra video
chia thanh 2 loai: Tién xtr ly va hau xur ly. Pau 1a sé KSZ903 IMNXIA/M
e Tién xtt ly: Thuc hién diéu khién viéc doc 9 P L icrochip/M§
dit lidu video ddu vao tir cdc ADC hodc Diu ra hién TPD12S521DBTR/
thong qua giao thirc Ethernet. Tlluc hién cac 10 thi HDMI 1| HDMI 1.3 TI/My
thao tac tien xu ly anh (loc nhicéu, bién doi ¢ | Kénh k&t nbi ngoai vi
khong gian mau, ...) Két ndi KSZ903 IMNXIA/M
e Hau xu ly: Thyc hién cac thuit toan phirc | Ethernet 2 | 1Gbps, GMII icrochip/M¥y
tap; diéu khién dau ra video va giao tiép véi RS232/RS 2xRS232C MAX3232CPWR/M
may tram qua TCP/IP. ) 12 422 3 |xRS422 AX3488EESA+T/TI
3. B0 nhé: Bo nhé sir dung gom 2 loai: bd nhé dung dé i My
luu trit hé didu hanh va cic tham s6 cau hinh h¢ USB host Giao dién
théng; bé nhé dém dit liéu phuc vu thuc thi hé diéu B oG 1| joystick/keyboard/
hanh va céc tac vy xu 1y anh va diéu khién. ) Leod bio 1nouse
4. Dau ra video: Tin hiéu video sau khi qua khoi xu ly 14 ngudn 1 | LED I mau RED
anh duoc nén va truyén ra ngoai qua IP hoac hién thi LED bao )
ra man hinh qua két n6i HDMI. 15 trang 2 | LED 1 mau BLUE
Yéu cau chi tiét dbi véi timg khéi chirc ning cua Apollol7, cu Dé&u ra hidn TPD12S521DBTR/
thé nhu trong bang 1: 16 thi HDMI 1 | HDMI 1.3 TIMy
Bang 1: Yéu clu thiét ké chi tiét phan ctng hé théng d g;oéigﬁuon
) Yéu ciu _ Linh kién tham ap: 5.5'_
TT | Ténkhéi | S | Thong so khao(Ma NSX/ 16V/3A ) .| TPS5450QDDARQ
L| ky thuat Hiang/Xuit xir) ’ Pam bao cap nguon | 1/TPS65253RHDR/
a | Pau vao video Pwr tree: cho bo mach, cac TPS22918DBVR/TP
— 5V,3.3V, linh kién dac thu S22810DBVR/TPSS5
1 VDIZZOV‘;‘;) 1| cvBs /TT\I//]]JVSI;S 0AM 71 55v. 18v, | ! (chip, RAM) vi 4620RGYR/TPS770
DPiu vao 1.5V, 1.2V, ngoai vi két noi 18DBVR/TPS51200
5 | video HD 1| YPePb TVP7(~)02 0.75V vao. DRCR/TPS3808G09
(twong tu) /TUMy ! ) DBVRG4/TI/My
F—. Cong suat
Dau vao KSZ9031MNXIA TB < 15W
3 | video HD L)1 /Microchip/My
(s0)
b | Khéi xir Iy
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A.  Khéi dau vao video
Chung ta biét rang, tin hiéu video dugc chia thanh 2 loai chinh
phan theo muc dich: video quéng ba, phuc vu truyén hinh, giai
tri (broadcast) va video dd hoa, phuc vu cac Gng dung hinh
anh trén PC, thiét bi chuyén dung (graphics).
C6 rit nhiéu cac dinh dang video tuong tu va 6 khac nhau
cung ton tai song song hién nay.
Viéc thiét ké khéi video input phai tuan theo mot s nguyén
téc nhét dinh nhu phan tich du6i day.
1. Péu vao tuong tu
e Tin hiéu video tuong tu dugc chia thanh 3 chuén giao
tiép co ban: Composite hay CVBS (1 ddy); S-Video
(2 day) va Component (3 day).

~z, \(QQEK
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Composite S Connector Component

Connector Connector

Hinh 4: Céc chuan video twong tu

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

ot urst (40 0 051
0 el 5o

o

Hinh 5: Dang song cua tin hi¢u video tuong ty

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

Native Video R, G', B
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Composite Video, CVBS

H-Sync
Intarva

Hinh 6: Minh hoa bién ddi tin hi¢u video gbc sang composite
video

Viéc thu nhén tin hi¢u video tuong ty dugc thuc hién

bing cach st dung cic ADC chuyén dung (nhu

TVP5150AM cua Texas Intrusment; MAX9526 cua

Maxim Integrated hay ADV7403 ctia Analog

Device).
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Céc ADC nay s& thuc hién qué trinh 14y mau, lugng
tr va ma hoa tin hidu dé cho ra dau ra s cua tin hiéu
tuong tu.

Ngoai ra, d6i v6i tin hiéu video no6i chung, cin cha y
dén viéc hién thi ra man hinh. Va mot trong nhiing
tham s quan trong 13 tin sé quét tin hiéu (fv). Tan sb
fv cang 16n, birc anh hién thi ra cang min.

Bang 2: Méi lién hé giita d6 phan giai anh, tin sb
quét manh va tan so pixel toi da

Chuén | Kich thudc Do phan Tan | Tan s pixel | Tan s6
(pixel) giai thuc s6 tbi da (Hz) pixel
(pixel) quét tbi da
w H w H | man (MHz)
h
(Hz)
480p 720 | 480 | 858 | 525 | 25 5,630,625 5.6
30 6,756,750 6.8
60 13,513,500 13.5
100 22,522,500 22.5
D1 720 | 576 | 864 | 625 | 25 6,750,000 6.8
30 8,100,000 8.1
60 16,200,000 16.2
100 27,000,000 27.0
720p 1280 | 720 | 1650 | 750 | 25 15,468,750 15.5
30 18,562,500 18.6
60 37,125,000 37.1
100 61,875,000 61.9
1080p | 1920 | 1080 | 2200 | 112 | 25 30,937,500 30.9
3 30 37,125,000 37.1
60 74,250,000 74.3
100 123,750,000 | 123.8

Nhur vy, bang trén cho ta thiy, v6i mdi chudn (d6 phan giai)
va tan s6 quét manh khac nhau thi cho ta tin sé video téi da
khac nhau. Céc IC doc video dau vao phd bién thuong hoat
dong & céc tan sb pixel tdi da phd bién 1a: 13.5MHz,
27.0MHz, 75MHz va 125MHz.

Ta xét nguyén 1y khdi déu thu tin hiéu video twong tw nhu sau:

12

-

Hinh 7: Nguyén 1y khdi doc dau vao tuong tw composite




Theo d6, tin hiéu video tuwong tu tir ddu vao
CVBSOUT1&CVBSOUT?2 s& dugc dua vao chip ADC;
Tai day, thuc hién qua trinh léy mau. Dt liéu dAu ra 1a dit
liu d3 duoc chuyén di kénh mau (ma héa). Dit liéu nay
duge diy ra trén mot bus song song 8/16/24 bit. Tuy
thudc vao ciu tao cua cac chip ADC. Trong trudng hop
nay 1a 8 bit (YOUTO dén YOUT?). IC nay hoat dong véi
thach anh ngoai tin s6 14.31818MHz va bd nhan tin
(PLL) s& tao ra tin sé pixel 27MHz cung cip cho qua
trinh doc dir liéu.

2. DPauvao so
Pau vao video so6 dugc bao gom cac chuan pho bién

sau:
\ :w e / U [\ e
] L
HDMI SDI USB 3.0 IP/GigE | Camera
Link
-bo dai -bo dai | -Do dai -bo dai -bo dai
cap: 30m | cap: cap: 10m cap: cap:
- Bitrate: | 100m -Bitrate: 100m 15m
>1000M | -Bitrate: | 2400Mb/s | -Bitrate: | -Bitrate:
b/s 3000Mb 1000Mb/ | >2000
/s S Mb/s

Hinh 8: Céac chudn Video s6
Bo mach Apollo17 hd trg cac dau vao: HDMI va IP.

e  Diu vao HDMI: Trong hinh 9 1a nguyén ly khéi thu

tin hicu HDMI st dung chip cia hing Analog
Devices (ADV7611).
Tin hiéu HDMI tir ddu vao jack 19 chan (J16) duoc
dua vao chip nhan (HDMI receiver), thyc hién qua
trinh 14y mau va bién dbi khong gian mau. Dit liéu
ddu ra gdm 24bit YCrCb dugc chuyén sang khdi
nhan ddu vao video 0 trén DSP (VINO DO dén
VINO D23).

Hinh 9: Nguyén Iy khéi doc dau vao s HDMI

B. B¢ nho
B6 nhd sir dung trong thiét ké cia Apollo17 gdm 2 loai sau:

1. B0 nh¢ luu trir . )
B4 nhé luu trir bao gom IC nh¢ Flash cau trac SPI
dugc dung dé luu trir chuong trinh u-boot va thé nhé
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dé Iuu tr@ nhan linux da dugc bién dich cong vdi cac
file hé thong (root file system).

Loi xtr Iy ARM s& giao tiép véi bd nhé flash théng qua
giao thirc SPI. Qua trinh khéi dong s& gdm 2 budc:

e Budc 1: Hé théng s& goi dén chwong trinh u-boot trén b
nh¢ SPI. Ciu hinh cac 16 xir Iy va cic ngoai vi cén thiét.
Budc nay goi 1a “first stage boot”

e Budc 2: Sau khi di khéi tao thanh cong, hé théng goi dén
nhén linux. Luc nay nhan linux dugc copy vao bd nhd
dém DDR3 dé thuc thi va tiép tuc goi dén cac driver con
lai cling nhu giao dién hé diéu hanh. Buédc nay goi la
“second stage boot”.

Ngoai ra, ciing ¢6 thé st dung 1 thé nhé microSD duy
nhit dé luu trit ca chuong trinh u-boot va nhén Linux
cong vdi cac file hé théng.

Qua trinh khoi dong ciing vin gdm 2 budc nhur trén.

Thoi gian khoi dong tuy thudc vao kich thudce cua cac file
hé théng va sé driver dugc cai dit. Thong thuong thoi
gian khoi dong tir 15 dén 30 gidy.

2. B0 nhd dém
Bo nh¢ dém duoc st dung trong thiét ké nay 1a bo nhé
DDR3 (Double Data Rate Type 3). La mot loai bo nho
truy c4p ngau nhién dong, co tdc do truy cép dur lidu cao.
Chip TMS320DMS8168 [5] bao gdm 2 khéi didu khién bo
nhd dém v6i d6 rong dit lidu trao d6i tbi da la 32 bit.

Nhu vay, néu dung DDR3 loai 8 bit thi phai can két nbi 4
DDR3 vao 1 bo didu khién EMIF trén chip xu ly. Trong
truong hop ding DDR3 loai 16 bit thi ta chi cin két ndi 2
DDR3 cho mét bo didu khién.

Ngodi ra, viéc thiét ké layout khdi DDR3 kha phirc tap va
cin tudn thu nhitng nguyén tic khit khe vé d6 dai cac
dudng tin hi¢u (xung nhip, dir liéu va dia chi), khoang
cach giira cac IC va viéc b tri cac tu loc.

C. Ddu ra video

Video sau khi xtr Iy 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.
1. Péura HDMI
Chip TMS320DM8168 hd trg 1 diu ra HDMI truc
tiép. Do vay, viéc xuét dir liéu ra man hinh HDMI
kha don gian. Trong thiét k& chi cin sir dung thém
mot IC dém murc tin hidu két ndi véi jack HDMI
chuin 14 dat yéu cau.
2. DauralP
Khéi  truyén  thoéng  Ethernet trén  chip
TMS320DM8168 hd tro toc do truyén tbi da 1Gbps.
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Thiét ke khoi dau ra IP st dung 1 IC chuyén dung gitip truycn 5%
tai tin hiéu mang & tang vat ly. 5

9.843
2501

D. Khéi cdp nguon

Nguon clp voi diu vao dai rong 5V ~ 36V@3A cung cap
ngudn t6i cac mach ngudn thir cdp 3V3, 1V8, 1V2, 1VO cip U LJ [
cho céc chipset trén mach.

Thir tr khoi dong cua cac ngudn cip dudi 3.3V phai tudn thi
nhu hinh sau:

Hinh 12: Ban vé gia cong bo mach thir nghi¢ém

.
g b E.,ma'.

Thoi gian (ms)

Hinh 11: Thir tw khéi dong ctia cac ngudn cip cho DSP W ; ”_: ; .m.:
E. Gia céng ché tao bk ' ::-5=m Qj‘%___gm
San pham da hoan thi¢n phién ban 1.0 va dugc gia cong ché ;_,, ‘_:, ;o
tao thu nghiém tai mdt nha may ¢ Han Quoc. — . -

Hinh 14: Ban v& l4p rap linh kién mit du6i
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III. PANH GIA HIEU NANG VA CHI PHI HE THONG

Nhu vay, sau khi hoan thanh ché tao thir bo mach mau. Chuing
ta bit tay vao qua trinh bring-up bo mach, thiét ké phan mém
va thir nghiém thudt toan mau dé danh gia kha ning xu 1y cua
thiét bi. Thuat toan dugc lya chon dé danh gia 1a thut toan
phat hién muc tiéu chuyén dong. Pay 1a mot bai toan kinh dién
trong xu ly anh va c6 nhiéu ung dung trong thuc té, dac biét 1a
cac bai toan giam sat an ninh.

Trong bai bao nay nhém sir dung thuat toan phd bién trong
viéc phat hién déi twong chuyén dong. Noi dung va luu dd xir
1y thuét toan va cach thuc thi huéng dan tai [6-10].

A.  Trién khai thudt todn

Thuat toan phat hién muc tiéu chuyén dong (RGA) da duoc
viét trén ngdn ngit C++ va trién khai trén nén tang DSP cua
thiét bj Apollo17.

Két qua danh gia cu thé nhu sau:

Bang 3: Két qua danh gi4 thudt toan phat hién chuyén dong

C. So sdnh véi san pham tuwong dwong

STT Chi tiéu, tinh niing Ths%“g Pon vi

1 X&c sqa}t phat‘ hién doi tugng trong 95.2 %
dicu kién thuong

2 XE:IC suét phat hién déi tugng trong 939 %
dicu kién anh sang yéu < 15 lux )

3 | Xac suét phat hién dbi twong vai 944 o
camera nhiét

4 Ki(fh th}xc’yc dbi twong nhé nhat c6 thé 7%9 Pixel
phat hién

5 Xac sudt phat hién nham d6i tugng 4.2 %

6 Sc‘)ﬂ lwong ddi tuong chuyén dong co 30 Dbi
the phat hién dong thoi tugng

7 P9 nhay thuat toan theo mirc xdm 20 Mirc

8 | Tbcdoxuly 50+100 | Hinh/gidy

MGt s6 hinh anh thir nghiém

Hinh 15: Phat hién trong diéu kién
thiéu sang

Hinh 16: Phét hi¢n v6i anh nhiét

Hinh 17: Phat hién dong thoi 30 muc tiéu
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Hang muc Video Z3-DM8169- | Apollol7 (VN)
so sanh Tracker VI-RPS (My)
8200 (M¥)
Kich 114x127 218x90 mm | 205x250 mm
thudce mm
Cong suit 12W 14W 9W
Hiéuning | 1080p@60 | 1080p@60 1080p@60 fps
fps fps VGA@100fps
Gia Gia ban: Gia ban: Gi4 sin xuét thir
8.000% 6.500$ nghiém:
3.0008
IV. KETLUAN

Pé tai da thyc hién thanh cong nhiém vu dat ra véi muc ti€u
chinh: Nghién ciru, thiét k& thanh céng bo mach phin cting
Apollo17 cho phép thuc thi cac thuét toan xu ly anh phtrc tap
thay cho may tinh c6 chtrc ning twrong duwong vai cac hé théng
nhing trén thé gidi voi gia thanh ré so voi thi truong.

Hudéng phat trién tiép theo cua d& tai nay do la:

- Téi wu kich thudc bo mach xuéng dudi 10x10 cm. Trang
bi cho cac may tinh nhiing phuc vu muc dich xt Iy hinh anh
trong cac rng dung Quén sy va Dan su.

- Trang bi céac diu vao toc do cao (>100fps) phuc vu muc
dich ldp dat trén cac may bay khong nguoi 1ai UAV. Cho phép
xu 1y hinh anh trong qua trinh bay trinh sat.
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