Gi&i thiéu giai phap phép ctrng cho bai toan thi giac may trén
nén linux nhing
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Trung tdm phat trién céng nghé FPT

1 Gidi thiéu vé thi giac mdy — Computer Vision

Thi gidc may la moét Iinh vwe da va dang rat phat trién. Khai niém thi giac may —
Computer vision cd lién quan t&i nhiéu nganh hoc va huwéng nghién ciru khac nhau. T
nhirng nam 1970 khi ma nang lwc tinh toan cia may tinh ngay cang tr& nén manh mé
hon, cac may tinh lic nay c6 thé x& ly dwoc nhirng tap di¥ liéu I&n nhw cac hinh &nh, cac
doan phim thi khai niém va ky thuat vé thj giac may ngay cang dwoc nhac dén va nghién
ctu nhiéu hon cho t&i ngay nay.

Hién tai linh vwc dwoc cac chuyén gia danh gia la van con “non nét” va cé rat nhiéu
sy thay dbi trong thoi gian tdi.

1.1 Thé nao la thj giac may

Thi giac may bao gom ly thuyét va cac ky thuat lién quan nham muc dich tao ra moét
hé théng nhan tao co thé tiép nhan thong tin tir cac hinh anh thu dwoc hodc cac tap div
liéu da chiéu.

Dbi v&i mbi con ngudi ching ta, qua trinh nhan thire thé gioi bén ngoal la mot diéu
dé dang. Qua trinh nhan thirc d6 dwoc “hoc” théng qua qua trinh sbng clia mdi nguwdi. Tuy
nhién v&i cac vat vé tri vo gidc nhw nhw cac may tinh, robot v..v thi diéu dé qua thuc 1a
mot bwdc tién rat gian nan. Cac thiét bi ngay nay khéng chi nhan théng tin & dang tin hiéu
don 18 ma nay con cé thé cé cai “nhin” that véi thé gii bén ngoai. Cai “nhin” nay qua qua
trinh phan tich, két hop véi cac md hinh nhw may hoc, mang noron v..v sé giup cho thiét
bj tién dan toi mot hé théng nhan tao co kha nang ra quyét dinh linh hoat va ding dan hon
rat nhiéu.

Linh virc nghién ctru cla thi giac may rat rong, va dac diém chung la cac bai toan
vé thij giac may tinh déu khéng cé mot dé bai chung va cach giadi duy nhat. Méi gidi phap
gidi quyét van déu duwoc mot két qua nhét dinh cho nhung truo’ng hop cu thé.

Ta c6 thé thay suw twong quan gitra Computer vision véi cac linh ve khac nhw sau:
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Anh 1. Quan hé gitra thj giac may tinh véi cac linh viee lién quan



1.2 Ung dung
M6t vai [inh viee ma Computer Vision dwoc ting dung cé thé ké t&i nhw sau:

+ Diéu khién tién trinh (vi du: trong cac robot cédng nghiép, hay céac thiét bi, xe tw
hanh)

+ Phat hién sw thay ddi (vi du: cac thiét bi giam sat)
+ Tb chirc thdng tin (vi du: chi sé kho di liéu cac &nh hodc chudi anh lién tuc)

+ M& hinh hoda dbi twong (vi du: qua trinh kiém tra trong méi trwéng céng nghiép, xt
ly anh trong y hoc)

+ Twong tac (déng vai trd lam dau vao cho thiét bi trong qua trinh twong tac gitra
nguwoi va may)

2 Cdc giai phap phan cirng kha dung hién nay

Dé giai bai toan xt ly béng hinh anh, ta co rat nhiéu giai phap khac nhau. T phan
crng cho t&i cac module phan mém. Ta cé thé diém qua mét vai phwong phap hay dwoc
st dung va c6 hiéu qua cao nhu sau.

21 FPGA

Day la gidi phap vé phan cirng ma hay dwoc str dung hién nay. Tan dung dac tinh
cua FPGA Ia linh hoat va toc d6 x&r ly nhanh (ctrng hoa cac giai thuat). Ta co the két noi
FPGA véi cac CCD sensor de dieu khién va nhan cac frame hinh thdng qua bus di liéu
tbc do cao.

Vi du ta cé thé tham khao mé hinh cia CCD Sensor MT9T001 ctia Micron nhw sau:
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Anh 2 . CCD Sensor MT9T001 cua héng Micron
Ta co thé thao tac tryee tiép vao cac thanh ghi diéu khién, cua MT9T001 thédng qua
bus TWI, va lay cac frame hinh qua bus data 10bit. FPGA c6 toc dd nhanh sé lam nhiém
vu diéu khién MT9T001 va I4y dir liéu lién tuc tir data bus sau d6 dwa vao bd nhé tam dé
Xt ly.

2.2 DSP Processor

DSP Processor dwoc gidi thiéu dau tién vao nhikng nam 1978, 1979 bdi Intel, Bell
Labs. Cac bd xtr ly DSP c¢6 nhirng dac tinh ndi bat nhw sau:



+ Thich hop cho cac qua trinh can x& ly theo thoi gian thuc

+ Hiéu ndng dwoc tdi wu véi div liéu dang ludng

+ Chwong trinh va di liéu dwoc bd chi riéng biét (kién truc Harvard)

» Tich hop cac chi thi Iénh dac biét SIMD (Single Instruction, Multiple Data)
» Khéng hé tro da nhiém

« Twong tac truc tiép véi bd nhé cla thiét bi

« Tich hop san ADC va DAC
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Anh 3. M6 hinh ctia mét DSP Processor

DSP Processor ngay nay da dwoc tich hop nhiéu thanh phan khac nhau, lam tang
kha nang linh hoat va tbc do xtv ly. Dac biét cac DSP Processor rat thich hop cho nhirng
nhu cau can tinh toan nhanh, x ly s6 thyc. Bac biét mot s6 con co ,sén’nht]’ng chi thi 1énh
giup cho viéc tinh toan ma trén, tich chap hay tham chi cac phép bién doi DCT trong qua
tinh nén anh. V&i nhirng wu diém dé DSP Processor dwoc dung trong nhiéu thiét bj xr ly
anh chuyén nghiép.

2.3 Mainboard, laptop
Day la mét trong nhirng phwong phap don gidn nhat. C6 thé tan dung céac
mainboard may tinh hay thadm chi cac may tinh xach tay v&i chirc nang la mét don vi xa ly
anh, va dwa ra quyét dinh. V&i viéc ket nOi mot camera hay webcam ta hoan toan chu
déng trong qua trinh nhan/xt ly anh. Céc giao tiép ngoai vi phd bién nhw UART, Parallel,
USB hay Keyboard. .
Viéc str dung mainboard, laptop sé cé nhirng wu/ nhwoc diém sau:
«  Uudiém
+ Cotbc do xiv ly cao
+ D& dang lap trinh, kiém 16i
+ Hé diéu hanh quen thudc (windows/linux)
+ Céc cdng cu lap trinh/bién dich phd bién (MSVC, gcc)
«  Nhuwoc diém
+ Kich thuéc, khdi lwong lon
+ Dé hw héng do va dap hay céac tac nhan khac
+ Gia thanh rat dat (>600%)
+ C6 qué nhiéu thanh phan khéng st dung dén
+ Chi c6 thé giao tiép v&i ngoai vi théng qua cac chuan phé bién nhv UART, USB



2.4 Main céng nghiép, PC 104

Anh 4. Mainboard pc-104, kich thuéc 90.17mm x 95.89mm

Ta c6 thé st dung mainboard PC104 v&i cac chirc nang nhw mot may tinh théng
thuwong. Viéc str dung PC104 sé& c6 nhirng wu/ nhuoc diém sau:

+  Uu diém

+ Cotdc dd xir ly cao

+ D& dang lap trinh, kiém |6i

+ Hé diéu hanh quen thudc (windows/linux)

+ Céc cdng cu lap trinh/bién dich phd bién (MSVC, gcc)

« Nhuwoc diém

* Kich thwéce Ién

+ Co6 qué nhiéu thanh phan khéng s dung dén

. Gia thanh dt (>300%)

+ Chi c6 thé giao tiép v&i ngoai vi théng qua cac chuan phé bién nhv UART, USB

2.5 Single Board Computer(SBC) sir dung Single on Chip (SoC)

fu 1
Anh 5. SBC uDimm, Kich thuéc 43.18x68.58 mm.

SBC (Single board computer) cé st dung cac SoC la budec tién I&n trong viéc xay
dwng thiét bi v&i kha nang tinh toan va xt ly nhw mot may tinh thong thwdong. Vo nhiéu wu
diém hon han so v&i cac thiéet bi khac nhw :

* Kich c&
* Giathanh.



+ S dung cac SoC lam bé x{ ly trung tdm c6 kha ndng chuyén biét vé x( ly hinh
anh hay x@ ly trén méi trwéng mang rat hiru hiéu.

Do vay tuy va bai toan dat ra ma ta cé thé chon cac SBC cho cac SoC phu hop voéi
yéu cau cu thé. Hién nay da cé nhiéu SoC c6 kha nang tich hop cac DSP Processor vao
trong nhan nham tang kha nang xt ly (sign processing).

Viéc sir dung mach SBC sé c6 nhirng wu/ nhwoc diém sau:

« Uudiém

+ Kich thwéc rat nhd

. Gia thanh ré (~<1008)

+ Hé tro SPI, 12C, 12S, MMC, SDCard, UART, USB2.0/1.1 v..v

+ Cotbc do xiv ly cao

+ S dung hé diéu hanh Linux

+  Duoc sy hd tro rat Ién ctia cdng ddng ma ngudn mé. Tl HDH, kernel hay rat nhiéu
cac ng dung

« Cac cong cu bién dich phd bién gcc

+ Cac cong cu hb tro lap trinh rat nhiéu. Eclipse, Vim, Emacs v..v

«  Nhuwoc diém
+ Viéc chay/kiém thtr phai thwc hién gia 1ap trén may tinh trwdc khi dwa vao mach
« Am hiéu kién thirc vé cac giao tiép ngoai vi, kién tric vé SBC

3 D4u Ia céch tiép can dé dang va nhanh chéng nhéat ?

Theo quan diém cla chung tdi, cach tlep can nhanh chéng nhat vOi cac ban sinh
vién do6 la tan dung moéi truo’ng ma nguon m& hién nay. V&i ma ngudn mé cac ban cé thé
st dung lai nhirng thanh qua ctia cdng ddng va phat trién, sang tao nhirng cai riéng cho
minh mot cach dé dang va nhanh chéng nhét.

Chung ta cé thé str dung HPH Linux lam méi trwéng chinh cho thiét bj, véi ma
ngu(‘)n mé ta cd thé chi dong duoc cau hinh cua hé thdng, tang higu nang hay x( Iy thd
v&i cac giao tiép ngoal vi bén ngoai mot cach nhanh chdéng va thuan tién nhat. Diéu dang
quan tam niva |a ta c6 thé co duwoc sw tro giup (mién phi) rat I&n cong dong ma& nguon
m&. Day la diéu ma mai trierng ma ngudn déng nhw Microsoft chua cé thé co duoc.

3.1 Phéan cirng

~ Tacd thé tan dung loi thé ctia cac SBC c6 str dung SoC dé 1am phan cirng cho céc
thiét bi trong bai toan thi giac may. Loi thé cua s chon Iwya nay la cac mach SBC gia ré va
rat linh hoat giup cho ngudi thiét ké tap trung hon vao cac module phan mém.

Ta c6 thé diém qua mdt vai mach SBC nhw sau:
e Mach NSLU2



Cac thong sb ky thuat
+ Hang san xuét Linksys
« Kién truic ARM
+ S dung bd VDK SoC, Intel IXP420. Téc d6 533MIPs
* 32MB B6 nhéd SDRAM , 8MB Flash
+ Hai cbng USB 2.0 Host
+ Hai cbng Ethernet
. Giao tiép UART véi tbc d6 900Kb/s
+ 16 cbng lap trinh dwoc (GPIO)
« Gia ~<100$%

*  Mach AT91RM9200

Cac thong sb ky thuat



+ Hang san xuét : Cong ty phat trién cong nghé FPT

+ Kién tric ARM

+ S dung bd VDK SoC, Atmel AT91RM9200. Téc d& 200MIPs
« 32MB B6 nh& SDRAM , 4MB DataFlash

* USB 2.0 Host

* Ethernet controller

+ 4 cbng UART v&i tbc d6 900Kb/s

+ 32 cbng lap trinh dwoc (GPIO)

3.2 Phan mém

Nhw da néi & trén, co rat nhiéu tng dung st dung thi giac may. M&i trng dung s dung
moét day cac chirc nang thubc vé thj giac may. Sau day la danh sach cac chirc nang dac
trwng cula thi giac may

Nhan dang déi twong

Nhan dang anh 1a mét trong nhirng van dé kinh dién trong linh vc thi giac may va xu ly
anh. Muc dich cDg nhan dang anh trc la xac dinh xem liéu mot blrc anh cé ton tai nhirng
doi twong, dac dieém dac biét hay khéng. Chirc nang nay cé thé thwe hién tw dong, khéng
can sy tac doéng cua con ngudi; tuy nhién né khdng dam bao trong cac trwdng hop chung,
VOi nhung doi tuo’ng tuy y va trong tinh huéng tuy y. Cac phwong phap hién nay dé giai
quyét van dé nay chi dwoc ting dung v&i nhivng dbi tuo’ng dac biét( nhirng déi twong hinh
hoc co ,ban nhan dang mat ngwdi, nhan dang chiv in va chiv viét tay, ...) va trong nhirng
tinh hudng dac biét (trong diéu kién chiéu sang dwoc xac dinh trwéec, ...)

Nhan dang chuyén dong

Nhan dang chuyén dong duoc ap dung dé st ly mét chudi cac anh lién tiép dé woc lwong
toc do chuyén déng cia tirng diém anh.

e Egomotion: Xac dinh chuyén déng trong khung canh 3D tlr camera. Ap dung cho
cac camera theo ddi tw déng.

e Tracking: Theo déi chuy&n déng clia mét dbi twong nao do, vi du nhw ngudi hay xe
co
Xay dwng lai khung canh
Chutrc ndng nay dung dé tinh toan khung canh 3D t&r mét vai birc anh, doan video.

Khéi phuc anh
Muc dich cliia chirc nang nay la loai bd nhiéu co trong anh.

4 Ung dung cho bai todn robot di chuyén

Viéc ap dung thj giac may vao bai toan robo di chuyén la mét viéc phirc tap. Tuy nhién
cling cé nhiéu thuan lgi nhw ching ta da biét trwédc dwoc mé hinh san dau, phan I&n déi
twong co thé co trén san. Tuy nhién chung ta cling s& gdp nhiéu khoé khan nhw khéng biét
trwdc duoc diéu kién chiéu sang clia san va robot ctia doi thi. Sau day t6i sé dwa ra tirng
buwdc cac chire nang co thé rng dung vao bai toan nay:

Thu thap anh:
Chup anh tir webcam. Chat lwgng ctia anh thu dwoc tir bwdc nay phu thudc nhiéu vao



chéat lwong webcam, tdc dd di chuyén khi chup, géc nhin va dé sang.

Cac bwdrc tién xir ly:
Trwéce khi @p dung cac chire néng cla thj giac anh, ching ta can x&r ly anh d& dam bao
rang anh sé thoa man mét vai gia thiét nao dé. Vi du nhw sau

e Léay mau lai d& dam bao hé thong toa d6 1a dung. Néu 2 anh 18y lién tiép nhau co
s sai khac qua nhiéu thi chung ta co the loai bo anh do vi tw thé cta robot luc
chup khéng duwoc on dinh.

e Loai bd nhiéu dé giam thiéu kha ndng xuét hién céac thong tin sai
e Tang do twong phan dé dam bao sé xac dinh dwoc cac thdng tin can thiét.

Trich rat cac diém dac trwng:

Pac trwng cia anh & nhirng mrc phirc tap khac nhau sé dwoc trich rat tir anh, nhw la cac
dwdng, canh, géc.

Phan doan :

Tai mét vai diém anh, ching ta chon ra mét tap cac diém anh hodc cac ving anh phu hop
v&i cac thao tac sau nay. Vi du

e Chon ra mot tap cac diém anh c6 mau gan véi mau clia “u” trong san dau
e Phan ra lam mét hay nhiéu vang &nh cé kha nang chra déi twong “u”

Xt ly cap cao

Dén budc nay thi di¥ liéu dau vao chi la mét phan cia di liéu ban dau, do cé thé 1a tap
cac diem anh hodac mét vung anh cé kha nang chtra mét doi twong dac biét nao dé. Qua
trinh x(r ly sé qua cac bwéc sau:

e Tham dinh lai di¥ li&u c6 phu hop véi cac yéu cau co ban va dic biét
e Udc luong cac tham sb dac biét
e Phan I6p dbi twong xac dinh duorc.

5 Tham khao

Computer vision http://en.wikipedia.org/wiki/Computer_vision

Image Processing http://en.wikipedia.org/wiki/lmage_processing
Intel Open Computer Vision http://www.intel.com/technology/computing/opencv/

CMVision library http://www.cs.cmu.edu/~jbruce/cmvision/

o b~ wDd -~

Embedded computer vision
http://www.movesinstitute.org/~kolsch/pubs/EmbeddedCV.html



http://en.wikipedia.org/wiki/Image_processing
http://www.movesinstitute.org/~kolsch/pubs/EmbeddedCV.html
http://www.movesinstitute.org/~kolsch/pubs/EmbeddedCV.html
http://www.cs.cmu.edu/~jbruce/cmvision/
http://www.intel.com/technology/computing/opencv/
http://en.wikipedia.org/wiki/Image_processing
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