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Tém tit

Ra-da la mét trong nhiing thiét bj duroc sir dung réng rai va tich hop trong nhiéu loai phwong
tién, trang bi nhu may bay, tau thuyen ciing nhir trong cdc logi vii khi, khi tai hién dai. Vi the,
trong qua trinh xay dung cac hé thang mé phong phuc vu hudn luyén siz dung cac trang thiét
bi, m6 phong ngi dung hién th; trén man hinh ra-da la rat can thiét. Tuy nhién, viéc md phong
man hinh ra-da thwong phirc tap, khéi lirong tinh todn nhiéu. Chinh vi vy, bai bao trinh bay
cach thare tiép cdn hiéu qud, sir dung cdng nghé ldp trinh trén card doé hoa dé md phong céc
ngi dung, hiéu itng trong qué trinh hoar déng man hinh ra-da. Phan lén céc tinh toan sé
deoc thue hién trén bé xiz Iy hiéu nang cao GPU ciia card d6 hoa, danh thoi gian xiz Iy trén
CPU cho cac tinh todn khdc do dé dam bado viéc md phong cac man hinh ra-da ddp 1ng duwoc
yéu cau hién th thoi gian thuc va la co sé dé tich hop véi cac ngi dung mo phong khac trong
hé thong.

Tw khoéa: Lap trinh GPU; M6 phong; Phu anh; Ra-da; Shader; Texture mapping.

1. PAT VAN PE

Sy phét trién manh m& cua nén cong nghé dién tu, vi xir Iy va céng nghé thdng tin
da gitip cho cong nghé md phong ngay cang duoc tng dung rong réi trong cudc séng, dic
biét trong huan luyén, dao tao gilp nang cao hiéu qua, chat luwong ddng thai tiét kiém chi
phi. Trén cac phuong tién nhu may bay, tau bién... ciing nhu cac loai vii khi, khi tai quan
su thi ra-da 1a hé théng hd trg quan sat tir xa rat hiéu qua. Huan luyén nguoi hoc cach
thirc quan sat, nhan biét cac loai thong tin hién thi trén man hinh ra-da la mét trong cac
yéu cau bat bugc khi mudn thuc hanh sir dung phuong tién. Tuy nhién, trong thyc té thi
khong thé st dung ra-da that dé dao tao vi khong thé dé dang dua phuong tién ra cac dia

diém huan luyén: Di chuyén tau thuyén, may bay.... Trong quan sy, St dung dai ra-da
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khéng nhitng phirc tap, nguy hiém ma con anh huéng dén an ninh quéc gia vi cac dai phai
thuc hién ché do tit, mo theo quy dinh. Khong nhitng thé, trong huan luyén thudng ngay
thi khong cd tinh hudng, muc tiéu dé thyc hanh. Chinh vi vay nhu cau can c6 thiét bi md

phong phuc vu huan luyén str dung ra-da rat can thiét.

Blasband, Jorch, va Sigda (1998) da dua ra phuong phap moé phong ra-da dua trén
cac tinh toan vat Iy bang cach giai quyét truc tiép bai toan tinh toan mirc d6 phan xa dién
tir cia muc tiéu vé ra-da. Mahafza va Elsherbeni (2004) s dung md phong trong
MATLAB dé hd tro dao tao hoc vién hiéu vé qué trinh thiét ké hé thong xu ly tin hiéu
trong ra-da. Fabozzi, Holmberg, Duncan, Hancock, va McKay (2010) dua ra mé hinh tinh
toan hiéu nang cao cho viéc xay dung cac ang dung mé phong ra-da trong quan su.
Mchale (2015) giéi thiéu cong cu md phong ra-da dwoc phat trién bai hing Presagis phuc
vu cho viéc nghién ctu va phat trién. Nhin chung, san pham md phong cia cac hang lon
trén thé gisi déu dugc xay dung cdng phu, st thuc tién nhung twong Gng 1a gia thanh rat
cao va bi mat vé cdng nghé. O trong nudc, mot sb trudng dai hoc dugc trang bi cac hé
théng md phong ra-da ctia nude ngoai nhu Truong Pai hoc Hang hai, Hoc vién Hai
quan... M6 phong ra-da duoc wng dung nhiéu trong quan sy nhat 1a trong Quan chung
Phong khéng - Khdng quan, chi yéu 1a do trong nudc nghién ctu phét trién (Cao, 2009;
Hoc vién PKKQ, 2012). Tuy nhién, cac hé théng nay tap trung huan luyén trinh tu thao
tac cta hoc vién va chi md phong vé mat nguyén ly cac noi dung hién thi caa ra-da do

tinh phic tap trong viéc tinh toan thong tin hién thi.

Trong pham vi nghién ctu, bai bao trinh bay céach tiép can str dung cdng nghé lap
trinh trén card d6 hoa (GPU) dé xir ly bai toan tinh toan thong tin hién thi trén man hinh

ra-da mot cach hiéu qua, dap (ng thoi gian thuc.
2. MO PHONG NQI DUNG MAN HINH RA-PA
2.1.  Xirly dd hoa trong GPU

Cac card d6 hoa hién nay hau hét déu cho phép kha lap trinh, trong d6 cho phép
ngudi ding can thiép vao mot sé budc trong qué trinh xir 1y thong tin trén card do hoa.

Céc chuong trinh xtr ly d6 duoc goi chung 1a shader, trong d6 co ban nhit 1a chuong
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trinh tinh toén bién d6i toa do dinh (vertex shader) va chuong trinh xtr ly phan manh
(fragment shader — Mgt chuong trinh tinh todn mau cho timg diém thudc dbi twong dang

duoc Ve).

Phu anh (texture mapping) (Catmull, 1974) la mot phuong phap anh xa thdng tin
ctia mot anh 1én bé mat cac ddi tuong hinh hoc ba chiéu. Hinh 1 md ta phuong phéap phu
anh, trong d6, khi hién thi d6i twong ba chiéu (Hinh 1a), thi mdi diém P trén bé mit doi
tuwong sau khi dwoc phan manh hoa thi s& xac dinh dugc mot diém Q twong (rng trén anh
phu (Hinh 1b) va mau sic tai Q s& dugc gan cho diém P (Hinh 1c) va hién thi ra man
hinh.

Hinh 1. Pha anh trong GPU
Ghi chu: (a) B& mit ba chiéu dbi twong; (b) Anh phu caa déi twong;
(c) Péi tuong duoc hién thi trong khéng gian 3D
Ngudn: Matusik va Durand (2012)

Muc tiép theo cua bai béo s& trinh bay cach thuc sir dung phuong phap phu anh

két hop véi xt ly trong GPU dé mé phong cac noi dung can hién thi trén man hinh ra-da.
2.2.  Néi dung hién thij trén man hinh

Gia str trong thuc té, ra-da gan trén phuong tién dang ¢ tai vi tri O va mot dbi
twong M nam trong pham vi quét cua ra-da, minh hoa trong Hinh 2a. Khi d6, thong tin
ctia d6i twgng M hién thi trén man hinh ra-da khong phai la hinh dang vat ly caa M ma la
mot ving thong tin dic ta cho sy phan xa ning luong dién tir tai bé mat M vé dén ra-da.

Vung thong tin nay dugc minh hoa la vung R trong Hinh 2b.
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a (b)
Hinh 2. Ra-da vé’i( (‘iéi twong trong thuc té va qua trinh hién thij théng tin ra-da

Céc thong tin quan sat dwoc trén man hinh ra-da bao gdbm nhiéu dia vat, myc tiéu
(may bay, tau thuyén...), va cac loai nhiéu tap do méi truong xung quanh tao ra. Ngoai
ra trén man hinh con thé hién diém dau cy ly, phuong vi ciing nhu vi tri hién thoi cia tia
quét. Ta co thé sir dung da giac dé dac ta ving thong tin quét duoc R cua ra-da déi voi
dbi teong M. Dit liéu da giac va dir liéu dic ta hinh quat s& duoc chuyén vao trong GPU
dé tinh toan vuing thdng tin cua ddi tuong M can dwoc cap nhat tai vi tri hién thoi caa tia

quét.
2.3.  Pham vi cap nhat thong tin

Gia str tan sd quét cua ra-da 1a f, khi 6 van téc goc cua tia quét s& 1a @ = 2xf,
Chuong trinh trong mdy tinh s& duoc goi lap di 1ap lai & md phong qua trinh hién thi
thong tin cua ra-da. Goi thoi gian xtr ly gitra hai 1an goi ham hién thi théng tin 1a At. Khi
d6 pham vi cap nhat théng tin sé la hinh quat TOS c6 géc A = wAt, minh hoa trong
Hinh 2b.

Gia st mot phan ving théng tin hién thi R caa dbi twong M nam trong pham vi
cap nhat cua ra-da. Khi d6 ta can giai bai toan tim ving giao cit Q=TOS N R. Thong
thudng, néu ta mo ta ving R duéi dang mot hinh da giac bat ky thi thuat toan giai bai toan
giao cat s& rat phuc tap. Mot phuong phap thuong ding la xap xi bang tap hop cac diém
ngau nhién nam trong pham vi R. Bai toan s& tré nén don gian hon bang viéc quy vé kiém
tra lan luot timg diém c6 nam trong pham vi hinh quat hay khéng. Véi nang Iyc tinh toan
ngay cang cao cua cac chip vi xt ly, dac biét 1a cac chip vi xu ly kha lap trinh trén GPU,

c6 thé cho phép dua ra cach giai bai toan hiéu qua hon.
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3. XAY DUNG THUAT TOAN
3.1.  Hién thi thong tin ddi twong

Str dung thong tin da giac dé dic ta cho ving thong tin quét dugc cia déi tuong
cho phép hién thi théng tin cua d6i tuong twong Gng véi ting vi tri tia quét. Tuy nhién,
toan bo viing thdng tin hién thi caa dbi tuong chi duoc thé hién bang mot mau duoc dinh
nghia trudc. Trong thyc té thi tin hiéu trong viing hién thi thong tin nay khong dong déu
do dic tinh phan xa ning luong dién tir trén bé mit dbi twong khong déu. Thay vi s6 hoa
viing thdng tin cta dbi tuong bang mot da giac thi ta s& xap xi ving nay bang mot hinh
chir nhat va stir dung di liéu vung thong tin 1am anh pha cho hinh chir nhat d6. Sau khi da
xac dinh duge diém P thudc ddi twong nam trong pham vi hinh quat thi tir diém P s& xac
dinh mot diém tuwong tng Q trong anh phi. Mau tai diém Q trong anh pha s& duoc gan
cho P @ hién thi Ién man hinh. Nguyén tic xur ly thong tin d6i tuong sir dung anh pha

duoc minh hoa trong Hinh 3.

(@) ' (b) (©)
Hinh 3. Nguyén tic xir Iy théng tin ddi tweng sit dung anh phi

Ghi chu: (2) Anh xa thong tin hinh bao cua d6i twong trén man hinh; (b) Anh phi viing thang tin cua doi
tuong; (c) Két qua hién thi trén man hinh

Cac thuat toan xu ly hoan toan trong CPU thuong sir dung mot trong hai phuong
phép mo ta pham vi hién thi cia ddi twong d6 1a dung tap diém ngau nhién (Hoc vién
PKKQ, 2012) hoic dung da giac (Cao, 2009). Sir dung tap diém ngau nhién cho phép tinh
toan thugc tinh (mau sic, d6 sang...) cua timg diém thudc tap do. Tuy nhién, s6 lugng
diém cang 16n thi dic ta doi tuong cang sat nhung khdi wong tinh todn cang nhiéu khdng
dap (tng md phong ra-da trong thoi gian thuc. Néu sé lwong diém it thi viéc hién thi dbi

tuong lai bi roi rac. Str dung dic ta bang da giac thi sau khi giai bai toan giao cat, toan bo
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phan da giac ndm trong pham vi hinh quat s& cd cling thudc tinh, do d6 hinh anh hién thi
d6i twong s& dudi dang cat I6p, khong sat thuc té. Véi phuong phap sir dung anh phu, ta
c6 thé dac ta chi tiét thugc tinh cia dbi twong (lwu trir dudi dang anh) va qué trinh xir ly
trong GPU cho phép tinh toan thudc tinh timg diém cua dbi tuong do d6 két qua hién thi
gan gidng nhu trong thyc té. Hinh 4 md ta két qua so sénh giita cac phuong phép.

o

@) (b) (©)
Hinh 4. So sanh cach thirc xir ly cia mdt sé phwong phap hién thi
Ghi ch: (a) Tap diém ngiu nhién; (b) Pa giac; (c) Anh phu

3.2.  Hién thi dir li¢u nhiéu

Céc dir liéu nhiéu dia vat, nhiéu tap cd tac dung trén toan bé man hinh ra-da nén
ta cling c6 thé mo ta tung I6p nhidu dudi dang cac anh pha, trong d6 sir dung hinh chit
nhat twong ng 1 hinh bao toan bo ving hién thi cua ra-da. Ta ap dung phuong phap st
dung anh pha, md ta trong Hinh 3, dé hién thi dir liéu nhiéu nam trong pham vi hinh quat.
Théng tin mau caa nhidu s& duoc tong hop cung théng tin ciia muc tiéu khi hién thi ra

man hinh.
3.3.  D6i twong chuyén dong

Khi ddi twong chuyén dong thi thdng tin cia dbi tuong s& lién tuc thay doi ciing
lic vai qua trinh ra-da hoat dong. Tuy nhién thong tin nay chua duoc thé hién 1én man
hinh ra-da cho dén khi tia quét di qua. Chinh vi vy ta phai giir lai toan bo théng tin hién
¢6 trén man hinh (thong tin da tinh toan) va chi cap nhat thdng tin trong vang hinh quat
hién thoi cua tia quét. Bé dap (ng yéu cau do ta sir dung mot bo dém dic biét trong GPU
duoc goi la stencil buffer (Rost va ctg., 2009). B6 dém nay cho phép ta quyét dinh viéc

c6 hién thi thdng tin cua diém anh 1én man hinh hay khéng, minh hoa trong Hinh 5.
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Color buffer without stencil test Stencil buffer Caolor buffer with stencil test

Hinh 5. M6 ta bé dém stencil buffer
Nguon: Rufinus va ctg. (2012)

Ta can phai thiét 1ap gia tri caa bo dém stencil buffer truge khi hién thi théng tin
méi cua dbi tuong. Khai dau, b dém duoc gan gia tri khong cho phép cap nhat toan b
man hinh. Sau d6 ta thuc hién lénh v& hinh quat TOS dé xac dinh pham vi cap nhat. Chi
c¢6 cac diém nam trong pham vi hinh quat duoc gan gié tri cho phép cap nhat man hinh.
Chinh vi vay, khi thuc hién cac thuat toan hién thi théng tin d6i twong, théng tin nhiéu. ..
sau d6 thi chi c6 thdng tin tinh toan trong pham vi hinh quat méi duoc cap nhat va hién

thi Ién man hinh.
3.4. Hiéu Gtng mo dan

Dbi vi mot sb loai ra-da sir dung man hinh hién thi twong tu, trén man hinh c6
phu l6p bot phat quang. Sau khi xtr ly, tuy theo mirc do tin hiéu phan xa thu dugc manh
hay yéu ma chum tia dién tir bin vao cac diém trén man hinh ciing c6 cudng d6 manh yéu
khac nhau tao nén do sang twong tmg. Tuy nhién, cac diém sang trén man hinh s& bi mo
dan do hiéu tmg luu quang. Bé md phong hiéu tng nay, ta st dung ham dic trung cho sy
suy giam cuong do sang theo thoi gian dugc bit dau tir khi tia quét di qua. Goi T 1a thoi
gian Iuu quang 16n nhat caa mdi diém anh, t Ia thoi gian tinh tir lac diém sang c6 cuong

d6 16n nhit (tia quét di qua): te[0, T]. Ta c6 thé xay dung ham suy giam tuyén tinh cuong
d6 séang bang phuong trinh f(t) = max(1- min(1, %),8) trong do, gia tri 1 déc trung cho

cuong d6 sang l6n nhat va gid tri e dic trung cho cuong d6 sang yéu nhat. Dé hién thi
hiéu tng mo dan thi ta phai 4p dung ham tinh toén suy giam cudng do sang nay cho tat
ca cac diém trén man hinh trudc khi cap nhat dix liéu méi tai pham vi tia quét. Chinh vi

vay ta coi toan b dir liéu dang hién thi trén man hinh 12 mot anh phu va xt Iy timg diém
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trén d6. Gia tri mau hién tai cia mi diém dwoc nhan tuyén tinh véi gié tri cuong do sang
tuong ng SO V4i vi tri tia quét mai. Két thic qua trinh ndy ta s& thu duoc két qua 1a noi
dung hién thi trén man hinh d4 bi giam cuong d6 sang di tuong tng véi khoang thoi gian

dich chuyén cua tia quét.
3.5. Thuat toan

Thuat toan md phong qua trinh hién thi noi dung trén man hinh ra-da dugc mo ta
trong Hinh 6. Dit liéu dau vao gom théng sé cia dai ra-da, thong tin cac muc tiéu, tap dir
lieu anh phu céc viing théng tin hién thi caa cac muc tiéu, tap di liéu anh nhiéu dia vat,

nhiéu tap...

} O

Théng s ra-da
Thong tin myc tiéu; Tap DL anh pha

Hién thi cac thong tin:
y - - Boi tugng muc tiéu
Khoi tao cac bd dém, tham so - Nhiéu dia vt
- Nhiéu tap
- biém déu cy ly, phuong vi
[ - Ban do nén
v
Cép nhit cudng dd sang giam dan 4
cho dit liéu dang hién thi trén man hinh Thay déi vi tri tia quét

A 4

Tinh toan hinh quat cap nhat
tuong ung va4i vi tri tia quét .

A 4

Cép nhat stencil buffer
tuong ung voi vung hinh quat ¢

Hinh 6. Thuit toan mé phéng ndi dung hién thi trén man hinh ra-da
Do hién tuong luu quang (néu cd) nén ta phai cap nhat cudng d6 anh sang cho
toan bo ndi dung dang dugc hién thi trén man hinh. Sau do6 sir dung stencil buffer dé gigi

han pham vi cap nhat théng tin chi trong vung hinh quat cia tia quét hién thoi. Sau khi
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hién thi xong céc dit lidu thi tia quét dugc cap nhat sang vi tri mai va quy trinh xir 1y dwoc

lap lai.

Véi cac thuat toadn truyén thong xi ly tinh toan trong CPU thi d6 phic tap cua
thuat toan phu thudc nhiéu vao giai thuat giai quyét bai toan tim giao cit giira hinh quat
va céc dbi twong. Véi mdi déi twong ta can xu ly lan luot cac diém thudc tap diém mo ta
dbi twgng hozc xir 1y lan luot cac dinh thudc da gidc mo ta dbi tuong d6. Do phirc tap cua
c4c thuat toan nay khi d6 1a O(n?). V&i thuat toan dé xuat, bai toan dugc dua vao xu ly

song song trong GPU, chinh vi vay d6 phuc tap caa thuat toan chi con 1a O(n).
4. KET QUA MO PHONG

Cac thtr nghiém duogc tién hanh trén may tinh c6 cau hinh Intel Core i7-6500U
CPU 2.50GHz, RAM 4GB, card man hinh NVIDIA Geforce 930M, d6 phan giai
1360x768. Hinh 7 md ta két qua md phong man hinh hién thi ra-da véi théng tin nhiéu
tap, nhidu dia vat, cac d6i twong muc tidu va co tich hop hiéu tng lvu quang. Hinh 8 mo
ta két qua mo phong man hinh ra-da bang phwong phap xap xi tap diém dang dugc tng
dung trong mot s san pham do Hoc vién PKKQ (2012) xay dung. Hinh 9 1a két qua mo
phong mot sé chang loai ra-da khac nhau. Khi mé phong mot loai ra-da nao do, dit liéu
dau vao 1a tap cac doi twong muc tidu c6 chung loai khac nhau, bd tri & cac vi tri khac
nhau, chuyén dong theo van téc va huéng ngau nhién. Théng tin nhiéu tap, nhiu dia vat

duoc trich xuét ngau nhién tir cac tap dir liéu c6 sin &ng voi loai ra-da do.

Hinh 7. M6 phoéng ra-da sir dung phwong phap phi dnh, c¢6 hi¢u irng luvu quang
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Hinh 8. M phéng ra-da sir dung tip diém: Muc tiéu (trai); Nhiéu dia vat (phai)

Hinh 9. Két qua mé phéng mét s loai dai ra-da khac nhau

5. KET LUAN

Trong tam cua cach tiép can duoc trinh by trong bai bao nay 1a sir dung céc thong
tin, hinh anh thuc té c6 dugc trén man hinh hién thi cac loai ra-da trong thuc té. Khi thiét
ké hé thbng md phong huan luyén cho loai ra-da d6 thi ta sé sir dung cac thong tin nay dé
mo phong lai man hinh hién thi. Vi cach tiép can nay thi ta c6 thé mo ta thong tin ddi
tugng don gian nhung hiéu qua hon. Str dung phuong phap phu anh trong GPU 1tng dung
trong md phong man hinh ra-da gitip giam bét céc tinh toan phuc tap lién quan dén xu ly
tin hiéu trong ra-da ma van dam bao tinh sat thyc té cia hé thbng md phong, thoi gian

tinh toan it hon.

Trén co so nghién ciru dat duoc, nhdm tac gia da ap dung vao mé phong mot sé
hoat dong cta dai ra-da nhu P-18, P37, Kasta2E, 36D6... San pham di dugc ung dung
vao trong hé thong md phong xt ly thdng tin ra-da canh gigi phuc vu cho huan luyén dao
tao & mot s6 nha trudng, don vi trong quéan doi. Hién nay, nhém nghién ciru vin dang tiép
tuc nghién ciru, tich hop bai toan md phong ra-da vao trong cac hé thbng md phong huan

luyén khac nhu huan luyén chién thuat khdng quan, mé phong bin trén tau hai quan. ..
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Abstract

Radar is widely used and integrated in many different kinds of weapons and equipment.
During the design and development of a radar-based training system, the simulated
operation of radar screen is really important. However, this work is complicated with heavy
computation. Thus, this paper proposed a GPU-based method to simulate the contents and
effects of a working radar screen. Most of the computation is performed in GPU so that the
radar simulation can be run in real time and it can be integrated in a larger simulation
system.
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