Nghién ciru khoa hoc cong nghé

NGHIEN CUU THUAT TOAN PHAT HIEN PIEM DAU CAP I TREN DAI
RAPA 3D 4 BUP SONG BANG CONG CU TiNH TOAN PA NHAN CUDA
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Tém tit: Bai bdo dd trinh bay thudt todn phat hién diém dau cdp I trén dai rada 3D 4
bup song bang céng cu tinh todn song song da nhian CUDA. Thudt todn phat hién diém
ddu cap I dwoc phéan rd thanh cdc bai todn nhé hon cé thé thuc thi song song trén kit Al
Jetson AGX Xavier ciia NVIDIA dé giam thoi gian xu ly. Viéc phat hién muc tiéu trén
khéng e thue hién véi do tré dong bg nhé nhdt cing chi phi it nhat. Bai bdo ciing di
dwa ra dwoc cach thirc t6 chire mét chwong trinh xir Iy tin hiéu cdp I va xdy dung thudt
toan xi Iy song song cu thé trén nén céng nghé CUDA. Két qua la xdy dung dwoc chwong
trinh phat hién diém dau cap I véi tinh nang va hiéu qua thuwe thi twong tw véi khoi xie 1y
cap 1 354I1C01 cia dai 4 bip song.

Tir khoéa: Phat hién diém du; Xir li tin hiéu cip I; Pa nhan CUDA.
1. PAT VAN BPE

bai rada 3D 4 bup song da duoc trang bi trong quan chung Phong khéng-Khoéng quéan hon 15
nam va dugc danh gia cao vé hiéu ning str dung nhung vi thoi gian st dung da kha lau, linh kién
du phong da dung gén hét mic du quéin ching da tich cuc nghién clru san Xuét hay tim cach mua
sam tir cac ngudn khac nhau nhung c¢6 mot s6 loai linh kién da khong con xuat hién trén thi
truong trong d6 c6 4 khdi DSP VD3U thudce khdi may tinh xir Iy cap I 354I1C01.Viéc nghién
ctru dé san xuat khdi may tinh xir Iy cdp I 354I1CO1 da duoc quan chung Phong khong-Khong
quan dit ra voi nhu cau cap thiét tir 1au, trong d6, mot trong nhimg nhiém vu quan trong nhat 1a
xdy dung thuat toan phat hién diém dau cap I trong thoi gian thuc va d6 1a ndi dung chinh cua
bai bao.

Dai rada 3D 4 bup song hoat dong theo nguyén tic chia déu khong gian 0-30° bang 8 bup
song (trong 01 vong quét chi c6 tdi da 04 bup song hoat dong). Mdi bip song déu c6 01 hé thong
thu phat va xtr ly phat hién muc tiéu doc 1ap. Nhu vay, ta co thé coi dai rada 4 bup song hoat
dong dya trén tong hop muc tiéu cua 04 dai rada 2D, va két qua cua viéc tong hop nay la muc
tiéu 3D (phwong vi, khoang cach va do cao). Dai rada 4 bup song c6 nhiéu ché d6 hoat dong véi
nhiéu gia tri chu ky 1dp khac nhau (1500 Hz, 750 Hz, 375 Hz). Vi chu ky 1ap cuc dai 1500 Hz
dé phat hién muc tiéu trén bdn kénh doi hoi khdi lugng tinh toan rat 16n. Bé thuc hién chirc nang
nay, nha san xuit rada 3D 4 bip song dd ché tao khoi may tinh 354I1CO1, trong d6, nhiém vu
tinh toan chinh duoc dam nhan bdi 4 module VD3U, mdi module bao gém 4 con DSP 2118 32
bit, 100 MHz ndi song song v&i nhau dé thyc hién cac phép tinh tin higu sé phirc tap, day 1a cong
nghé xir Iy hién dai cua 20 nim trudc nhung trong thoi gian gan day, voi sy phat trién cia cac
dimg dung tri tué nhan tao (AI) ma & d6 doi hoi khdi lugng tinh toan rt 16n ma kién trac song
song moi dap tmg dugc nhung lai phdi than thién dé dung, mot gidi phap dugc hang NVIDIA
dua ra 1a Board Al Jetson AGX nhung trén nén ARM da nhan va dugc tich hop thém nhiéu 15i
CUDA dé phuc vu cac tmg dung st dung kién trac song song nhu: tri tué nhén tao (AI), xtr ly
anh, mo phong 3D,... [1] hay xt 1y tin hiéu ra da [4]. Bai bio dé xudt cach thirc xay dung chuwong
trinh, thudt todn xir 1y cap I trén nén board Al jetson AGX dam bao thiét bi xir 1y ciia dé tai dugc
thuc thi trong thoi gian thyc c6 tinh nang twong duong va nhanh hon so véi khoi 354I1C01
nguyén ban cua dai ra da 3D nhung van dam bao kich thude nho gon lap vira trong khung vo cua
khoi 354I1C01 nguyén ban dé nham giai quyét van dé thay thé hoan toan khdi chirc ning nay.
Bai bao trinh bay cac ndi dung chinh nhu sau:

- Gidi thiéu cac thanh phan chi yéu ctia thuat toan xir Iy tin hiu trén dai radar 4 bup song.
- Mb ta so lugc chuong trinh xir Iy dwoc cac tac gia bai bao phat trién cai dit trén board Al
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Jetson AGX dé phat hién diém dau cép I cho dai radar 4 bup song.
- Thir nghiém danh gia va dé xuét.
2. THUAT TOAN XU LY TiN HIEU TREN DAI RADA 4 BUP SONG
2.1. Cac thuit toan co ban dwoc ding trong phat hi¢n diém déau cp I trén khéi 35411C01
ciia dai 3D 4 bup song
2.1.1. CFAR
Thuét toan 6n dinh xac sudt bao dong nhdm CFAR (contant false alarm rate) dugc mo ta trén
hinh 1 va dugc hoat dong theo cong thirc dudi day [5].
Trong do, muc tap dugc danh gia nhu sau:
Z=Y,+Y, ZX + Z X, 1)
i=n+1
Dai luong Z sau khi duoc nhan véi hang sb T sé tao ra mot ngudng thich nghi
U,=2T (2)

Khigiatri Y >U thiét bi s& ra quyét dinh 14 c6 diém dau xung don, con lai 1a khong.

2.1.2. Thuat toan tich lity nhi phan [5]

Trong thudt toan nay c6 2 tham sé N va M. M 1a sb chu ky lién tiép theo ddi, néu cO N lan
trong M chu ky c6 gia tri 1a “c6 xung don” ma chua c6 déu chum thi ta tao thanh mot dau chum
va khi c6 dau chum r6i ma c6 N lan lién 1a “khéng xung don” thi ta ¢6 mét cudi chum. M6t di€m
dau cap I sé dugc tao thanh tir mdt dau chum va mot cuoi chum
2.2. Thuit toan tong thé trén khoi 35411C01 cia dai 3D 4 bap song

Dai ra da 3D 4 blp song c6 dic tinh rat hay dé chong nhidu khong dong bo 1a thay d6i chu
ky 1ap sau 8, 12, 16 chu ky thu phat tuy theo ché dd kich ctua dai. Nhu vay, ta s€ nhom dir li€u
L,Q tir bd tach séng pha thanh mot khoi ¢o cung gia tri tan so lap. Moi khi ta thu thap du mot
khoi ta s& tién hanh tinh FFT trén 512 ma vi tri va luu ching trong by nhd. Thudt toan phat
hién diém dau cap I s€ hoat dong trén 5 khoi dit 1i€u I, Q gan nhat va ta phat hién diém dau cap
I trén khoi thur 3.

_"| Bo loc l_-[}<:""|x2“| IX"7'| Y | *a |X""| | X2 | X | So sanh

r A,
‘ I: Quyét dinh

[ >

Z Ngudng

T.

Hinh 1. Thudt toan CFAR.

Hinh 2 14 luu db thuat toan xt 1y tin hiéu cip I cta dai ra da 4 bup song & ché do kich siéu
thwa, tirc 13, sau 8 chu ky thu phat s& thay d6i tan s6 1ap 1 14n, n6 hoat dong trén khéi dit liéu thi
3, tir két qua tinh FFT ta s& tinh gia tri bién do cua ching s& theo timg béng loc di vao khéi
CFAR tuong (mg va s& tao dugc gid tri logic “1” hoac “0” tuong tmg vdi “c6” hay “khong c6”
xung don trén bang loc d6. Nhung néu dung lai ¢ day thi sd xung don gia van con rat nhiéu nén
nhiém vy giam s6 lugng s6 xung don gia nay s¢ do module “Thiét bi loc theo van tdc” [6] dam
nhiém va trén thyc t& no da giam duoc dén 70 dén 80% sb luong xung don gia. Module nay lam
viéc nhu sau:
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Gia su tai giai loc F3 cua khéi dit liéu thir 3 tai ma vi tri L qua CFAR tao ra mot xung don va
ta goi gia tri bién d¢ cua F3 1a A3 _3[L].

Goi A3_1[L], A3 2[L], A3 3[L], A3 4[L], A3 5[L] lan luot 1a gi4 tri bién do tir F3 ctia khdi
dir liéu thur 1,2,3,4,5 tai ma vi tri L.

Néu A3_3[L] >= a* (A3_1[L] + A3_2[L] + A3_4[L]+ A3 5[L]) thi xung don tai giai loc F3
ctia khéi dit liéu tha 3 tai ma vi tri L s& la m6t xung don thuc su. Ta tién hanh qui trinh trén véi tat
ca giai loc con lai va cudi cung dung phép logic OR dé ra duoc gia tri “1” hay “0” va di vao b tich

lity nhi phan dé tao ra diém d4u cap I néu n6 théa méan diéu kién “dau chum”, “cudi chum”,
LQ ¢6 duge =3 Thiétbi
tir tach song E loc the(;
pha E véan toc
'L@ o crar ——e
4’@ CFAR H
{2 | CFAR |———3i&f—> th
s F3 | o[ craR ———H o[ nilia
phan
SN » CFAR n
F6 CFAR |——F 3}
| ————orr | |

Hinh 2. Luu do thudt todn xik 1y tin hiéu cdp I cia dai ra da 4 bip séng.
2.3. Gian d6 thuét toan chwong trinh xir 1y tin hiéu cip I dai rada 4 bip séng dua trén
Board Al Jetson AGX Xavier bang cong cu CUDA ciia NVIDIA
2.3.1. Gidi thiéu chung chirong trinh xit Iy tin hiéu cap I Board Jetson AGX Xavier

Vé‘ co ban chuong trinh phat hién diém d’éu cép I trén board Jetson AGX nay hoat dong theo
lru d6 thuét toan trén hinh 2 nhung vi két cau phan cimg cua Jetson AG AGX khac vé1 module
VD3U cua khoi 354I1CO1 nguyén ban nén két cau cua 2 chuong trinh xt 1y cling khac nhau,
trong do, trén khoi 35411CO1 thi cac chuong trinh con thanh phan s& dugc 16 DSP ADS2118
chia ra dam nhén con trén board Jetson AGX thi chuong trinh nay sé€ dugc 8 core Arm va 512
core nhan CUDA dam nhan. Cu thé chuong trinh trén Jetson AGX s€ dugc chia ra nhu sau:

- 8 core ARM s€ dam qh@n XU ly cac tac vy tu:?n} tu nhu thu nhan va t’myén dir li‘éu qua ngoai
vi nhu Ethernet, Serial, diéu phoi cac luong trao doi dir liéu giﬁ:q cac tién trinh, diéu’ khién hoat
dong chung cta chuong trinh chinh theo mdt trinh tu cho trude, tong hop do cao tir két qua xur ly
trén 4 kénh thu,...

- 512 core CUDA s¢& dam nhén cac tic vy song song nhu tinh toan FFT va loc tbc do trén
dong thoi 512 ma vi tri ctia 4 kénh thu.
2.3.2 Chuong trinh tinh FFT trén 4 kénh tai 512 vi tri

D¢ don gian thii tuc 13p trinh chiing t6i sit dung thut toan DFT 16 thay vi FFT 16 d¢ tinh tich

liiy twong can trén 512 ma vi tri. Nhu vay, d€ tinh DFT16 4 kénh ta phai to6 chirc trong kit Jetson

AGX Xavier 512 chuong trinh con (thread) chay song song, moi thread s& dugc dam nhan boi 1
core CUDA @é tinh DFT tai m0t ma vi tri trén ca 4 kénh.

Tap chi Nghién ciru KH&CN qudén suw, Sé 75, 10 - 2021 45



Ky thudt diéu khién & Dign tiv

2.3.3. Lueu do thudt toan phat hién diém dau cdp I cia dai 4 biip song cdi tién
Céch t6 chuc va thuc hién twong tu nhu véi chuong trinh tich lily tvong can

FPGA tach tin higu cau Thu thap dir ligu IQ
phuwong thi tan trong 16 chu ky lap

h J

Loctdc 3o [«—— CFAR [« FFT16

Tichliiy nhi phén Toénghop quy dao

docao 4 kénh

Y

Két thuc

Y

Hinh 3. Luu do thudt todn xik Iy tin hiéu cdp I cia dai rada 4 bip séng
trén kit Jetson AGX Xavier bang cong cu CUDA cua NVIDIA.
3. KET QUA THU'C NGHIEM VA THAO LUAN
3.1. Phin ctng thir nghiém va thiét bi mé phong

Nhom nghién ciru da xay dung hé théng phan ctng phat hién diém dau cép I cho 4 kénh.
trung tan tir may thu cua dai 4 bip song bao gom

- 2 bd ADC Terasic ADA 65 MSPS nhiam s6 héa tin hiéu trung tin 24 MHz;

- 2 KIT nhiing FPGA Terasic DE10 Standard dé xt 1y tin hiéu trung tin va chuyén xudng

thanh tin hiéu thi tAn, mdi kit ddm nhiém 2 kénh trung tan sau khi da dugc sb hoa;

- 1 kit AI Jetson AGX Xavier st dung 4 kénh tin hiéu thi tn tir 2 KIT DE10 Standard bing

thuat toan phat hién diém dau cip I nhu di trinh bay ¢ muc 2.

Dé tién viéc so sanh danh gia giira cic giai phap, chung t6i d xdy dung cac kich ban thi
nghiém sao cho sy danh gia cho timg giai phép 1a trung thuc va khach quan nhat. Céc tinh hudng
trén khong s& dugc thé hién qua thiét bi mo phong tao ra 4 tin hiéu trung tin 24 MHz (twong tmg
vGi 4 bup song) c6 kem theo hi€u ing doppler va tinh néng thay ddi chu ky l3p sau 16 chu ky thu
phat gidng nhu tin hiéu that c6 kém theo gia tri s6 hoa ma goc phuwong vi.

Kich ban thir nghiém nhu sau: Vi khéi luong phép tinh tiéu tén cho thuit toan tich lily twong
can trong d6 chu yéu danh cho thyc hién tinh FFT 16 diém cho 5 12 ma vi tri trén toan bd 4 kenh
thu bang 512 nhan GPU CUDA 14 16n nhit nén ta phai tinh xem vé& mat 1y thuyet 13 hé théng can
bao nhiéu ms dé thyc hién trén thoi gian thuc. Sau do, ta dung thyc nghiém dé chimg thuc tiéu
chuan trén co6 dat dugc hay khong.

* ADC DE 10
™| Terasic K——> E—
ADA Standard Tet
TT3 < 4 HSMC Ethernet etson
AGX |~ ~| pC

¥ Xavier

T2 ADC . DE 10 Ethernet
| Terasic K—— Standard <>

TT4 ADA HSMC Ethernet

Hinh 4. So d6 khoi xir Iy tin hiéu cdp I dai radar 4 bip séng.
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) D¢ danh gia kha nang xu ly cap I ctia hé thdng ta thiét lap kich ban thir nghiém 1a c6 tir 180
dén 200 muyc tiéu xuat hién trén mot vong quét 360 do sau do so sanh vdi s6 luong muyc ti€u xuat
hién trén man hinh PC sau khi da dugc xur ly cap II. Néu 2 s6 lugng nay bang nhau thi ta c6 két
luan h¢ thong da xu 1y cap I dat yéu cau.

3.2. Thir nghiém tinh trén thiét bi mé phéng va trén khi tai chién dau
3.2.1. Thit nghiém tinh toan tich lily twong can

Khi dai ragia 3D 4 bup song hoat dong & qhé d0 kich mau Y('ri tﬁr} séqleip 1500 Hz, thay ddi chu
ky 1ap sau moi 16 chu ky phat doi héi hé thong tinh todn nhiéu nhat dé dap ung xtr 1y trong thoi
gian thyc. Cu thé hé thong can: 1000*16 /1500 =10.6 ms cho mdt chu ky xur 1y dong thoi trén 4
képh nl;u‘ng day la mot chu ky day du tu 1}'10 nhan dir liéu thi tan d’én Iac xuat ra duoc vi tri cua
diém dau cap I, nhu da phan tich ¢ trén khoi luong tinh toan 16n nhat cho ca chu ky nay tap trung
¢ phan tich lily twong can nén néu thoi gian danh cho phan nay nho6 hon 10.6/2 = 5.2 (ms) s€ dam
bao rang toan hé thﬁng’sé thuc hién trén thoi gian thyc. Ta s& dung thyc nghiém dé 7dé tinh lugng
thoi gian xur Iy nay, két qua duoc thé hién trong bépg 1. Thoi gian trung binh dé thyc hién Ia
3.276 ms < 5,2 ms theo yéu cau cuia tinh toan ly thuyeét.

Bing 1. Thong ké thoi gian thuc hién thudt toan tich lity twong can trong 10 chu k.

Lan 1 2 | 3| 4 5 6 7 8 9 10

Thoi gian thuc | 3,15 |3,05 |32 (34 |345 |325 |33 |33 |325 |335
hién (ms)

3.2.2 Thir nghiém chirong trinh phdt hién diém déau cdp I trén KIT Jetson AGX
Bdng 2. So sanh $6 muc tiéu xir ly dwoc va $6 muc tiéu trong kich ban thur nghiém.

Sémuctiéu | 190 | 191 |192 |193 |194 |195 |196 |197 |198 |199 | 200
trén kich ban

Sémuyctiéu | 190 | 191 |192 |193 |194 |195 |196 |[197 |[198 |[199 | 200
sau khi xtr ly

KIT Jetson AGX s& thuc hién chwong trinh phét hién diém du cap I va truyén két qua 1én
méy tinh xir 1y cap II sau d6 s& kiém dém xem s6 lugng muc tiéu xuat hién trén man hinh PC.
Nhin véao bang 2 ta thady mic du c¢6 sb lugng muc tiéu rat 16n nhung Jetson AGX da xir 1y rat tét,
khéng bo s6t mot diém déu cip I nao 1am tién dé quan trong dé may tinh xtr 1y cap II cung cip du
s6 quy dao muc tiéu xuat hién trong kich ban thir nghiém.

3.2.3. Thit nghiém thyc 1é trén dai Radar 3D

Trén dai radar 3D c6 tt ca cac tin hiéu c6 tin hiéu du phong gidng hét vé6i tin hiéu di vao thiét
bi xur 1y cua dai dé phuc vu stra chita, kiém dinh. Nhém nghién ctru str dung tinh ning nay dé thi
nghiém thiét bi clia dé tai song song vai thiét bi xtr 1y clia nguyén ban dai 3D. M6i trudng thir
nghiém 1a dé dai radar 3D hoat dong bat muc tiéu that ngoai thuc dia sau d6 so sanh Kkét qua xu
ly gitta thiét bi cua to d& tai va thiét bi 354I1C01 nguyén ban cua dai 3D, trong do, thiét bi cua td
dé tai xtr 1y tin higu radar bang cac thuat toan di néu & muc 2. Qua qua trinh chay thir trong 10
phién nhém nghién ctru thay két qua xir 1y gitra 2 thiét bi 1a twong duong. Cu thé trén hinh 5 1
két qua xtr 1y trén thiét bi cua nhom tac gia xuat hién 2 qui dao (duoc khoanh vong d6) muc tiéu
that & phuong vi 280 d9, vi tri cach dai khoang 30 km va & phuwong vi 128 d9, vi tri 35 km.
Tuong ty nhu vy, trén hinh 6 1a két qua xu 1y trén khéi 354I1C01 nguyén ban cua dai 3D, c6 2
qu¥y dao muc ti€u that dugc khoanh d6 ¢ phuong vi 280 d9, vi tri 30,3 km va & phuong vi 128 d9,
vi tri 35,3 km (Sai s6 300 m 1a sai s6 chdp nhan dwoc d6i v6i radar canh gidi).
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3.3. Két qua thir nghi¢m va d4nh gia

Qua 3 thtr nghiém trén ta thay, giai phap xu Iy ma cac tac gia dua ra c6 hiéu nang tinh toan
manh, trong cac thir nghiém vé xir Iy trong can va phat hién diém dau cap I cho thay hé thdng co
dl}' thira kha nang dé xur 1y trong thoi ‘glan thug, hon nita khong bo 1(_):[ hay bao 1am thém diém
dau gia so V(’?’i kich ban thir nghiém, di€u nay thé hién duoc tinh ding dan cda thuat toan dugc cai
dat trong thiét bi.

Trong qua trinh thir nghiém trén thiét bi chién dau ngoai thyc dia c6 tham chiéu v6i két qua
xur 1y cua thiét bi twong dwong trén dai ra da 36D6M1 trong 10 phién lién tyc cho thay hai thiét
bi nay cho két qua tuwong duong (c6 sai s6 cho phép).

Hinh 5. Két qua xit [y ngoadi thuec dia trén thiét ~ Hinh 6. Két qud xir 1y trén thiét bi nguyén ban
bi cia nhom nghién ciru. cuia dai 3D.

4. KET LUAN

Két qua qua 3 thir nghiém vé hiéu suét xu 1y, tinh dung dén cta thuat toan trong diéu kién doi
héi cudng do tinh toan cao (nhiéu muc tiéu) ciing nhu strc manh tinh toan 16n ciing nhu kha ning
hoat dong on dinh tin cdy trong moi trudng khic nghiét nhiét dé cao, d6 4m 16n hon nita gia ca
cling phai ching d& mua ban trén thi trudng nén dé thay thé, 1ap dit, nang cap cia Board Al
Jetson AGX Xavier. Dya trén nén tang tinh toan da nhan CUDA nhém nghién ctru di dua ra
dugc giai phap xu Iy tin hiéu cép I trong thoi thuc co hidu qua cao vé mit k¥ thuat cling nhu vé
mat kinh té, dong thoi chung t6i ciing ché tao thanh cong thiét bi xtr 1y cap I thay thé cho khéi
35411CO1 nguyén ban cua dai ra da 4 blp song. Hién nay, mot s6 module xir 1y nhu VD3U thude
khdi may tinh xur ly cap I 35411C01 ciia dai 3D 4 bip song da khong thé mua dugc trén thi
truong qudc té, diéu nay anh huong 16n dén viéc dam bao ky thuat cho chling nén viéc ché tao
thanh cong khéi xir Iy cép I thay thé da gop phan giai quyét kho Kkhén trén hon nira trong bién
ché cua quan chung PK-KQ va Hai quén van con nhiéu daira da can hién dai hoa hodc thiéu linh
kién thay thé boi nhidu nguyén nhan khac nhau. Viéc tiép can theo hudng di nay trong viéc dam
bao k thuat tinh trang sin sang chién dau cta quéan doi 1a mot giai phap day hira hen.
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ABSTRACT

A NEW ALGORITHM FOR DETECTON OF LEVEL | MARKER
IN SIGNAL PROCESSING OF RADAR 4 BEAM 3D

This paper presents level I marker detection algorithm on 4 beam 3D Radar using
CUDA multi-core parallel calculation tool. To solve the above problem, we have to
decompose the grade | marker algorithm into many smaller problems that can be executed
in parallel on NVIDIA GPUs to reduce processing time. The goal is to ensure aerial target
detection with minimal sync delay and minimum cost. We show how to organize a level |
signal processing program and build a specific parallel processing algorithm based on
CUDA technology. As a result, a grade-1 marker detection program was built with the
same performance and performance as the 354I1C01 block of 3D 4 beam radar station.
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