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Ctru ho ctru nan

Trong nhitng ndm gdn ddy UAV dd déng mot vai tro quan trong thu thdp
théng tin dia ly kip thoi va chinh xdc, cung cdp co s& quan trong cho viéc
ddnh gid thdm hoa, ctru tror khdn cdp va tdi thiét. Tuy nhién véi ddc trung
cta tw liéu dnh UAV la c6 do phdn gidi cao, cdn st dung nhiéu tdm dnh
trong pham vi khdo sdt, do dé viéc xir ly dong thoi cdc tdm dnh vdi dung
Iwong dir liéu I6n trén CPU truyén théng khdng thé ddp trng dwoc yéu cdu
ctia cdc tinh huéng khdn cdp. Bai bdo nghién ctru gidi phdp xi ly dnh UAV
dwa trén céng nghé CUDA (Compute Unified Device Architecture), tdn dung
loi thé tinh todn song song manh mé cua GPU, gitp cdi thién dang ké thoi
gian xw ly di¥ liéu. Két qud bai bdo khdng dinh kha ndng tng dung tw liéu
dnh UAV trong ttng phé khdn cdp tai nhirng khu vuee xdy ra thién tai.

© 2017 Trwdong Dai hoc Mo - Dia chit. T4t ca cic quyén dwoc bao dam.

1. Mé& dau

CPU (Central Processing Unit - B§ xir ly trung
tAm) truyén thong khong thé dap rng dwoc yéu

Trong nhirng ndm gan diy UAV (Unmanned
Aerial Vehicle - Thiét bi bay khong ngwoi 14i) da
dong mot vai trd quan trong thu thap thong tin
dia ly Kkip thoi va chinh xac, cung cip co s& quan
trong cho viéc danh gia thdm hoa, ctu tror khin
cp va tai thiét 1ap.

Véi dac trung cda tw liéu anh UAV 1a c6 do
phan giai cao, d€ phu trum khu vuc khéo sat cin
c6 s6 lwgng anh chup 16m, do dé viéc xi ly dong
thoi cic tAm anh véi dung lwgng dit liéu 16m trén

*Tdc giad lién hé
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cau cua cac tinh huéng khin cap.

Chinh vi vay mot xu hwéng nghién cliru moi
da ra doi, xu hwdéng phat trién cac thuat toan
song song thwc hién trén GPU (Graphic
Processing Unit - B xtr Iy d6 hoa). Khi so sanh
véi cac thuat toan ctia CPU trong tinh toan song
song, tinh toan phan tan strc manh tinh toan cta
GPU da chirng t6 la nhanh hon hang chuc dén
mot tram lan (Manavski, 2007). Ttr nizm 2007,
cong nghé CUDA (Compute Unified Device
Architecture - Kién truc thiét bi tinh todn hop
nhit) dwoc phat trién boi hang NVIDIA ra doi da
cho phép thuc hién cac tinh toan song song voi
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cac phép tinh phirc tap dat hiéu xuit ca ngan
1énh trong mot thoi diém. Véi CUDA céc 1ap trinh
vién c6 thé nhanh chéng phat trién cic rng dung
tinh todn song song cho rit nhiéu ng dung khac
nhau nhu: Dién toan, sap x&p, tim kiém, xir ly tin
hiéu s0, anh,... Viéc nghiép ctru 4p dung CUDA dé
tang toc do tinh toan cho cac bai toan c6 khoi dir
ligu dau vao khong 16 hodc cac bai toan yéu ciu
tinh thoi gian thwe da thuce sy trér thanh mot van
dé cap thiét trong thuc té.

Cac nha nghién ctru da trién khai tinh toan
CUDA cho cac bai toan giai ma hinh anh va video,
chuyén déi video HD, 4p dung trong Toan hoc, X
ly anh, Sinh hoc va Héa hoc, xtt Iy hinh anh, sinh
hoc tinh todn va héa hoc, phan tich dia chin, ...
(Sudipta, 2006).

Bai bao nghién ctru giai phap x ly anh UAV
dwa trén cong nghé CUDA, tin dung loi thé tinh
toan song song manh mé cia GPU, gitp cai thién
dang ké thoi gian xi ly dir liéu. Két qua bai bao
cho thiy thuit toan x ly &nh UAV dwa trén
CUDA cai thién dang ké hiéu suit cta cong tac xt
ly anh va dap Gng day du cac yéu ciu xi ly dir
liéu khan cip khi xay ra tham hoa thién tai.

2. Tinh toan song song trén GPU trong CUDA

CUDA 1a kién truc méi bao gom cd phan

clrng va phan mém dé phat trién va quan ly viéc
tinh toan trén GPU nhw mot thiét bi tinh toan
song song ma khong can dnh xa vao cac ham lap
trinh d6 hoa. Co ché da nhiém cta hé diéu hanh
chiu trach nhiém cho viéc quan ly truy cap toi
GPU boi cac rng dung CUDA va rng dung do hoa
chay song song.

GPU la mot cong cu xtr Iy @6 hoa manh va la
mdt bd xir 1y hd tro 1ap trinh song song & mitc
cao, giup giai cac bai toan s6 hoc cin kha nang xi
ly s6 hoc phirc tap va bang thong bd nhé ting
hon dang ké so v&i CPU cung loai.

Ciu tric cha mot chwong trinh CUDA
thwong st dung hai ham: M6t ham danh cho
viéc truy cap dir liéu va ham con lai goi la ham
kernel dung cho viéc xtr ly dit liéu. Quy trinh hoat
dong truyén dir liéu gitra Host va Device duwgc mo
ta nhu sau (Nguyén Dirc Minh, 2016):

Dir liéu can tinh toan luén & trén bd nhé cla
Host, vi vdy trwéc khi mudn thwc hién trén
Device buérc dau tién 1a sao chép dir liéu can tinh
toan tlr bd nhé Host sang bd nhé Device.

- Tiép theo Device sé thuc hién viéc tinh toan
trén div lieu d6 dwa trén cac ham riéng caa
Device dé tinh toan.

- Két thic qua trinh tinh toan, dir liéu dworc
sao chép lai tir bd nhé& Device sang bd nhé Host.

CPU (Host) GPU (Device)
Ludi 1
Nhin 1| » | Khéi || Khéi || Khbi
(0,0) (1,0) (2,0)
Khoi *|| Khoi Khoi
(0, 1) (L1 [ 1
1Ludi 2,°
Nhin 2 1 ’
v - e
[ — I
» Khoi (1, 1)
Ludng I Luong | Luong | Ludng | [
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Luong | Ludng | Ludng | Ludng | F—
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Hinh 1. Kién tric da lubng trong mé hinh Idp trinh song song CUDA.
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- Trong d6 Host dwgc dinh nghia la nhitng
tac vu va ciu tric phan clrng, phan mém dwoc xtr
ly tir CPU. Device la nhirng tic vu va ciu tric
phan clirng, phan mém dwoc xtr ly tir GPU.

CUDA cho phép da nhan chay dong thoi trén
mot GPU don. CUDA coi mdi nhan nhw mot lwéi
(grid). Mot ludi 1A mot tap cac khoi (block). Moi
khéi chay cung nhan nhung doc 14p véi nhau.
Trong mdi khéi lai chira nhiéu ludng (thread).
Lubng 1a don vi nhd nhat trén GPU. Cac rng dung
CUDA dworc tao str dung ngon ngir lap trinh C/C++.

Trong lap trinh CUDA, GPU dwgc xem nhw 1a
mot thiét bi tinh toan c6 kha nang thwc hién mot
sO lwgng rat 16m cac ludbng song song. GPU hoat
dong nhw la mot bd dong xtr 1y voi CPU chinh.
Hinh 1 m6 ta kién tric da luong trong moé hinh
1ap trinh song song CUDA.

bé chwong trinh CUDA hoat dong dwoc
trong moi treong windows hodc linux, can phai
c6 cac thw vién hd tro. Cac thw vién ndy do

Anh thap

¥
Xac dinh diém dic
trung trén anh thap

L2

Quay hdi anh gbc

I
Xac dinh diém dic
trung trén anh gbc

Cap anh (I, I,.)

GPU Anh thap
CUDA —
Xac dinh diém dac

NVIDIA cung cip bao gobm cac phin: Trinh diéu
khién thiét bi d6 hoa cho GPU cua NIVIDA, bd
cong cu phat trién CUDA (CUDA Toolkit) va bd
CUDA SDK.

3. Giai phap x& ly nhanh anh UAV dwa trén
cong

M6 hinh thuit toan xttr Iy nhanh anh UAV
thanh 14p ban @6 anh phuc vu céng tac ctru hd
clru nan gobm cac buwéc nhw moé ta & Hinh 2, bao
gom ba buwdc chinh: Trich chon dic trung, Khép
déc trung va Tham chiéu dia ly.

Buwdc trich chon diém dac trung dwoc thuc
hién trén dnh thap trung gian va anh goc. Ky
thudt thap anh dwoc str dung trong bwédc nay
nhdm gidm khong gian tinh toan. Khong gian tim
kiém diém dic trung trén anh géc dwoc thu nho
lai bang cich tao ra cic anh thap c6 ciu tric
tuwong tw

trung trén anh thap

I
L2

Quay héi anh géc
I

Xac dinh diém dic

trung trén anh gdc

T

Khép déc trung
1.Khép thd
2. Khép chinh xac

/

Xac d;nh'ma tran
chuyén doi gitra hai anh

4

Lién két dai anh

1

Tham chiéu dia Iy

Binh dd anh

Hinh 2. M6 hinh thudt todn xw Iy nhanh dnh UAV.
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Déi inh Tép diém Tip didm Tip diém Hirh imh
CPU Eime khine dic tnme khop BCC FANSAC todm cinh
Fy
L 4 A 4 ki ki
Tach chon Ehop HCC FEANSAC Béng ky 43
GPTT dic temz [ B inh
Trich chon dic trung Ehép dic trtung Biéng kv dai 2nh

Hinh 3. Phdn chia tinh todn trén CPU va GPU.

anh goc nhwng kich thwéc da bi thu nhé gitra
cac bac thap lién ké nhau (Fei et al.,, 2013).

Thuét toan khép theo dic trung ¢ 16ng ghép
buéc khép so bd theo viung gia tri mirc xam dé
gidm thoi gian va tai nguyén tinh toan dong thoi
ning cao tinh 6n dinh cta toan bd quy trinh
khop.

Buéc khép thd st dung két hop phwong
phap khép anh theo vung gia tri do xam va khép
anh theo diém dic trung dé tim céc cdp diém anh
cung tén trén hai dnh. Phwong phap déi sanh
twong quan chéo chuin héa (NCC - Normalized
cross correlation) dwoc ap dung dé€ so sanh do
khép nhau gitta mau anh chon trén anh tréi véi
mau anh &ng vién trong ctra s6 tim kiém trén anh
phai (Ackermann, 1984).

Bwéc khép chinh xac, thuat toan RANSAC
(Random Sample Concensus - Phwong phap 14y
mAau dong thuian ngiu nhién) (Fischler et al,,
1981) dwoc stv dung dé loai bo cac cip diém
khép sai tir bwdc khép tho. Tir két qua cta bude
khép tho thu dwoc mot danh sach khép so bd N
cap dac trung cta hai anh. Do cdp anh hang
khong chup & khoang cich xa nén cé thé dung
mo hinh xa anh dé lién két hai dnh (Goshtasby,
2005). Buwdc khép chinh xac gom cac budc sau
(Pao Khanh Hoai, 2014):

- Chon ngiu nhién 4 cip diém trén hai tap
dac trung dé xac dinh cac tham s6 mo hinh xa
anh.

- Gidi cac tham s6 md hinh xa anh. Anh xa tap
dac trung anh trai sang anh phai theo mé hinh

vira gidi. S dung khodng cach Hausdorff
(Goshtasby, 2005). dé loc ra cac cap dac trung
théa man va thém vao danh sach P. Cac cap dac
trung dwgce coi la théa man mo hinh xa anh khi
khoang cach Hausdorff tir cac dac trung anh xa
sang anh phai nhé hon mét ngwdong cho trwéec.
D€ gidi mo hinh lién két twong doi gitra hai anh
thwong dp dung thuit toan tdm diém (Hartley,
1997). Vi vay trong budece tiép theo cta thuit toan
str dung tiéu chi P > 8.

- Néu sé cidp dac trung trong P nhé hon 8
thudt toan chay lai cac budc trén. Nguoc lai 8 cap
dic trung c6 do khép tot nhit dwoc loc ra dé tinh
toan mo hinh twong déi gitra hai anh.

Bwéc Tham chiéu dia ly, anh két qua cua
buwéc khép anh sé dwoc chuyén doi vé khung
tham chiéu da dwoc dinh nghia truwdc dé ghép
thanh mot binh d6 anh.

Trong quy trinh thuét todn, nén tang tinh
toan GPU dwoc dp dung dé tang toc do thuc thi.
Viéc phan chia cac buéc tinh todn trén CPU va
GPU nhu dwoc thé hién qua Hinh 3. Cac buéc xt
ly chinh va chiém nhiéu thoi gian nhw Trich chon
dac trung, Khép tho, Khép chinh xac va bang ky
dai anh dwoc thwce hién trén GPU.

Qua trinh tinh toan trén GPU dworc thuc hién
nhu sau: V&i mdi anh c6 kich thwéc Width*Hight
sé dworc chia ra (width/16)*(height/16) khéi. V&i
moi khdi anh sé ¢4 256 ludng xr ly dong thoi.
Viéc phan chia ndy nham dam bao céc tinh toan
doc 1ap trén moi diém anh sé ludn c6 moét ludng
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Hinh 5. Anh truec giao khu viee nghién cieu tao béi (a) phdn mém thiét ké, (b) phin mém Pix4D.
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xr ly. Qua do6 toan khéi anh sé dwoc tinh toan
d6ng thoi. Sau khi phan chia luéng, moi diém anh
dworc tinh toan nhw sau:

inti = blockldx.x * blockDim.x + threadldx.x;
int j = blockldx.y * blockDim.y + threadldx.y;
if (i < width && j < height)

{

// X ly véi diém dnh (i)

}

4. Thyc nghiém

Véi muc tiéu nghién ctru gidi phap x ly
nhanh anh UAV duva trén cong nghé CUDA, tin
dung loi thé tinh toan song song manh mé cda
GPU, nhém nghién ctru da tién hanh thuc nghiém
trén dai anh UAV chup khu do6 thi Resco.

M6 hinh thuit toan dwoc thuce hién trén nén
tang phin cirng:

CPU: Intel (R) ZXeon (R) CPU
W3550@3.07GHz 4 16i 8 ludng.

GPU: NVIDIA Quadro 4000.

Dit liéu thwe nghiém la anh hang khong dwoc
chup tr may bay khéng nguwoi lai UAV
D3Plantom. Kich thwéc dnh 4000 x 3000 diém
anh, do phan gidi diém anh 0.2 mét. Pinh dang
anh JPG. D6 chinh xac yéu ciu trong buéc khép
chinh xac nho hon 3 diém anh.

Nhém nghién ciru da tién hanh xiy dung
phin mém x& 1y anh UAV theo m6 hinh thuit

toan dwa trén nén tang cong nghé CUDA. Hinh 4
biéu dién phan mém xt¥ ly &nh UAV d3 dwoc phat
trién.

Két qua phan mém xi ly anh UAV ap dung
14p trinh tinh toan song song trén CUDA la anh
trwec giao khu vwc nghién ctru (Hinh 5a). Bé
khing dinh dd tin ciy cta thuat toan dé xuit, anh
truc giao két qua dwoc so sanh véi san phdm cta
phin mém xir ly anh UAV thwong mai Pix4D
(Hinh 5b). Thoi gian xtr 1y 150 canh anh UAV khu
vue nghién ciru trén phan mém thiét ké 1a 3 gior
30 phut, trén phan mém Pix4D la 8 gio.

Cac diém khéng ché dwoc thu thip ngoai
thuc dia, sau d6 dwoc dwa vao phdn mém xir ly
anh UAV d€ so sanh sw sai 1éch vé vi tri diém.
Béang 1 biéu dién sai léch vé vi tri diém cta 15
diém khéng ché trén anh truc giao két qua va anh
tir phdn mém Pix4D. Két qua cho thiy phan mém
Pix4D tuy cho d6 chinh x4c cao hon nhwng téc do
xtr 1y chAm. Phan mém x& ly anh UAV dwa trén
cong nghé CUDA hoan toan dap tng yéu cau vé
do6 chinh xac vi tri va téc d6 x Iy nhanh cta bai
toan hé tro tim kiém va ctru ho ctru nan.

5. Kétluin

Kha ning cung cap thong tin nhanh chéng va
chinh x4c la hai yéu cau co ban cho cong tac quan
ly thién tai. Bai bdo dé xuit mot mo hinh thuit
toan xt ly anh UAV dwa trén nén tang tinh toan

Hinh 6. Vi tri diém khdng ché trén dnh va trén thuc dia
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Bdng 1. Bdng so sdnh sai s6 vi tri diém gitva phdn mém thiét ké, phdn mém Pix4D va thuc nghiém.

stT | acp Thuc dia Phin mém thiét ké Phan mém Pix4D
X Y X Sai léch (m) X Y Sai léch (m)
1 31 | 581413.01 | 2329683.52 | 581414.93 | 2329686.64 3.665 581412.93 | 2329683.43 0.118
2 32 | 581407.56 | 2329690.57 | 581409.42 | 2329694.05 3.948 581407.43 | 2329690.70 0.180
3 33 | 581388.43 | 2329601.84 | 581389.84 | 2329604.42 2.942 581388.28 | 2329601.87 0.154
4 34 | 581386.26 | 2329608.61 | 581387.37 | 2329611.28 2.893 581386.13 | 2329608.82 0.245
5 35 | 581367.72 | 2329527.87 | 581368.71 | 2329529.67 2.055 581367.73 | 2329527.92 0.052
6 36 | 581343.80 | 2329483.98 | 581344.25 | 2329485.39 1.481 581343.76 | 2329484.04 0.077
7 37 | 581334.80 | 2329473.82 | 581334.92 | 2329475.08 1.266 581334.77 | 2329473.96 0.145
8 38 | 581349.38 | 2329443.85 | 581349.77 | 2329445.11 1.320 581349.34 | 2329443.98 0.136

9 39 |581307.00 | 2329422.67 | 581306.64 | 2329423.84 1.225 581306.97 | 2329422.72 0.058
10 | 40 | 581211.44 | 2329517.02 | 581210.30 | 2329519.09 2.364 581211.46 | 2329517.17 0.149
11 | 41 | 581166.44 | 2329625.66 | 581165.06 | 2329629.02 3.634 581166.47 | 2329625.71 0.068
12 | 42 | 581148.65 | 2329723.38 | 581147.48 | 2329727.71 4.478 581148.7 | 2329723.52 0.147
13 | 43 | 581070.98 | 2329824.74 | 581069.06 | 2329830.23 5.819 581070.94 | 2329824.84 0.118
14 | 44 | 581237.14 | 2329728.34 | 581236.84 | 2329732.57 4.243 581237.15 | 2329728.24 0.103
15 | 45 |581318.57 | 2329740.54 | 581319.38 | 2329744.53 4.073 581318.61 | 2329740.54 0.048

song song GPU trong CUDA. Két qua thuc nghiém
cho thdy mo hinh thuét toan 1a chinh xac va dap
rng day da cac yéu ciu vé thiét 14p ban do anh
truec giao.

Giai phap dé xuit st dung phwong phap
khép tich hop, ki thuét thadp anh, nén tang tinh
todn CUDA do dé giam thoi gian tinh todn, nhanh
chéng thiét 1ap ban d6 anh khu vuc xay ra thién
tai.

Sw cdi thién vé téc dd xr ly c6 y nghia rit
quan trong dé nang cao hiéu qua cua viéc xt ly tw
liéu anh UAV tim thip, tir d6 giup khai thac
nhitng loi thé clda cic hé thdng cdm bién UAV,
cling nhw nang cao kha nang tng pho véi thién
tai va ctru ho khén cép.
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ABSTRACT

Research on CUDA-based UAV image processing algorithm for
search and rescue assistances

Xuan Truong Nguyenl*, Dung Mai Thi Nguyen 1, Van Hai Thi Tran 1, Hoai Khanh Pao 2,
Truong Van Vu?2, Anh Tuan Nguyen 3

1 Hanoi University of Mining and Geology, Vietnam
2Le Quy Don Technical Unviversity, Vietnam
3 Defense Mapping Agency of Vietnam, Vietnam

In recent years, Unmanned Aerial Vehicle (UAV) systems have played an important role in obtaining
timely and accurate acquisition of geospatial information, providing an important basis for disaster
assessment, emergency relief, and reconstruction. However, with the high-resolution characteristics of
UAV image, it is necessary to use number of images to cover the study areas. Therefore, the traditional
CPU-based image processing method cannot meet the requirements of disaster emergencies. In this paper,
we propose a Compute Unified Device Architecture (CUDA)-based UAV image processing algorithm,
which takes advantage of the powerful parallel processing capability of the GPU, greatly improving the
efficiency of processing time. Our experiments confirm the applicability of UAV image for natural disaster
emergency response capability.
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