Nghién ciru khoa hoc cong nghé

UNG DUNG KY THUAT LAY MAU NEN TRONG VIEC THU TiN HIEU
VO TUYEN PE PHAT HIEN MAY BAY KHONG NGUOI LAI SIEU NHE
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Tém tit: Bai bdo nay dé xudt mot phirong phdp ldy mdu tin hiéu vé tuyén thu dwoc tir
cdc phiong tién bay khong nguoi lai siéu nhe (PTBKNLSN), img dung trong thiét ké hé
thong thiét bi phdt hién, canh bdo nham img phé kip thoi doi voi nhitng nguy co ma loai
phirong tién nay gdy ra. Phwong phdp nay sir dung ky thudt ldy mdu nén (CS- Compressive
Sensing) dé giam khoi lwong tinh todn trong xir Iy tin hiéu vo tuyen bang rong thu duoc.
Mot hé thong mady thu ciing dwege xdy dung trén nén tang vé tuyén cau hinh mém (SDR) dé
thir nghiém phwong phdp nay. Két qua cho thdy phwong phdp dé xudt da giam dé phirc tap
tinh todn déang ké.

Tir khéa: CS; Spectrum sensing; Drone detection.
1. PAT VAN BE

Trong nhitng nim gan day, viée str dung may bay khong ngudi lai mot cach dé dang, c6 tinh
tu phat, khong lam thu tyc xin cap phép bay vdi co quan co thim quyén, hodc bay vao khu vie
cAm, di gay ra cac van dé anh huong dén an toan hang khong, an toan dan sinh va an ninh qudc
gia. Do do viéc phat hién va canh bao som sy xuét hién ciia cac PTBKNLSN dé c6 cac phan tng
kip thoi 13 rat can thiét. Be giai quyét van dé nay, da co nhiéu nghién ctru theo cac cach tiép can
khac nhau. Mdi cach tiép can c¢6 nhitng wu nhuoc diém va pham vi ung dung khac nhau. Nhu
phan tich 4m thanh [1], phan tich hinh anh thu duoc tir camera két hop véi cac thuat toan hoc
may va tri tu¢ nhan tao dé cai thién d6 chinh xac va hi€u qua cta viéc phat hién [2, 3], st dung
radar chu dong [4] va phan tich dya trén thu tin hiéu vo tuyén trao doi giita phuong tién bay
(PTB) va tram diéu khién (TPK) mit dat [5].

Bai bao nay tdp trung vao nghién ctru phuong phap phat hién PTB dua trén k¥ thuét thu tin
hiéu vo tuyén tor PTBKNLSN khi né hoat dong va két ndi voi TPK. Bé phat hién c6 PTB can
giam st trong khong gian, cin sir dung cac ki thuat thu pho tin hiéu vo tuyén bing rong dé thu
tin hiéu giao tiép giita n6 va TPK. Sau d6, sir dung cac k¥ thuat phan tich, so sanh tin hiéu d6
v6i cac thong s6 ki thuat da biét Vé timg loai PTB riéng biét dé nhan biét sy xuit hién va phan
loai cac PTB nay. Tin hi€u vo tuyen giao tiép gitta PTB va TPK thuong c6 bang thong 1on va
dugc phén chia thanh nhleu kénh tan sb. Viéc thu pho tin hiéu vo tuyén bang rong d6 can tan sb
ldy mau cao dan dén yéu cau toc do xu Iy nhanh va phan ctmg phue tap. Trong cac hé thong dién
hinh, thu phd tin hiéu dugc thuc hién bang viéc ldy mau theo tiéu chuin Nyquist st dung bd
ADC [6]. Vi du, dé co6 thé thu pho tin higu trong khoang tir 200 MHz thi b ADC phai 1iy mau
v6i tan sd 1dy miu 400 MHz hoidc cao hon din dén téc do ludng dir liéu thu duoc 1én téi 3.2
Gbps (voi bo ADC 8 bit). Viée thuc hién thu tin hiéu v6 tuyén dua trén tiéu chudn Nyquist nhu
vay 1a mot kho khan dbi véi viee xu ly dir liéu trong thoi gian thuc boi tde do dir lieu qua cao va
do6 phtic tap tinh toan 16n. Cac k¥ thuét truyén thong nhur nhan biét phd nang luong, kha don gian
va khong yéu cau biét trude thong tin vé tin hiéu. Tuy nhién, né nhay véi nhidu va chi phu hop
v6i tin hi€u bang hep nén kho 4p dung trong truong hgp nay.

Trong mot thoi diém, PTB va TDK chi trao ddi dit liéu trén mot s kénh tan sb, sy xuit hién
ctia tin hiéu 1a thua thét trén toan bd dai tan sb danh cho viée lién lac nay. Do vy, tin hiéu truyén
thong gitra PTB va TPK 14 cac tin hiéu thua trong mién tin sd. Dya vao dic tinh nay, tic gia dé
xuit phuong phap thu phd tin hiéu vo tuyén bing rong trong xir 1y tin hiéu thu dugc tir
PTBKNLSN st dung k¥ thuat 14y mau nén nham khéc phuc kho khan trong viée xur 1y dir lidu
néu trén. Ky thuat nay 1y mau va khoi phuc tin hi¢u thua giam dugc dang ké téc do dir liéu va
d6 phuc tap tinh toan [7, 8].
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Cu thé, d& xuit - nay dya trén phuong phap Bayesian dé khoi phuc lai tin hiéu v6 tuyén bing
rong tir mot vai mau nén két hop voi ky thuat phat hién dua trén tu twong quan vi ky thuét nay
khong nhay dbi voi nhidu [16]. Dé xuat nay duoc mo phong va thuc hién sir dung nén tang vo
tuyén cau hinh mém USRP thu dit lidu trong thoi gian thyec.

Phén con lai cta bai ‘t;ao duoc to chirc nhu sau: Muc 2 dé xuat giai phap; Muc 3 thuc hién giai
phép; Muc 4 trinh bay két qua va danh gia; Muc 5 dua ra cac két luan.
2. PE XUAT GIAI PHAP

Dé thuc hién cac giai phap dé xuat tac gia xdy dung mot hé thong phat hign PTBKNLSN nhu
so d6 trong hinh 1.

Xir Ly tin hiéu va tinh toan

Thu tin Léy Khéi
hiéu vé mau nhin

tyén nén e
y dinh

Hinh 1. So do khoi hé thong thu tin hiéu vé tuyén tir PTBKNLSN.

Trong hé thong nay tac gia st dung anten Yagi dinh hudng c6 d6 rong bap song 1a 70° va hé s6
tang ich 9 dBi. B§ thu tin hiéu vo tuyén sir dung nén tang vo tuyén cdu hinh mém USRP thyc hién
viéc 1ay rr~1au sau chuyen ma_}ch anten. B xtr 1y tin hiéu thuc hién qua trinh lay mau nén. Tin hiéu
sau lay mau nén dugc gui dén bd xur 1y trung tam dé khoi phuc lai tin hi€u goc va dua ra két luan.

Tin hiéu phé bang rong y(t) thu duge tir PTBKNLSN dugc thuc hién tai khdi thu tin hi¢u vo
tuyén trong hinh 1 va dugc chia thanh N bang phu. Khi d6, tin hi€u nhén dugc c6 thé dugc biéu
dién nhu sau [14]:

N
Y(©) = D x0(0) * b (©) + w(®) ®
n=1

Trong d6, x,,(t) 1a tin hiéu nam trén kénh tan s6 thir n cia PTBKNLSN, h,, (t) 1a dap ung ciia
kénh va w(t) 1a nhiu cong.

Trong mién tan sd, tin hiéu nay c¢6 thé dugc biéu dién nhu sau [14]:

Y(F) = ) Dy () + w(F) @
n=1

Trong do, Dy, 1a ma tran d6 lgi kénh.

Vi du TPK giao tiép véi PTB Mavic 2 Pro & dai tan sb tir 2.4 GHz — 2.47 GHz st dung k¥
thuat trai phd nhay tan voi do rong 1.4 MHz mot kénh tan sd nhu trong hinh 2. O thoi diém t, chi
mot vai kénh M dang dugc st dung do d6 M < N. Coi S nhu 13 t6 hop cac kénh dang dugc sir
dung. Khi do, tat ca cac kénh con lai khong thuge tép hop S, cac kénh d6 tuong tmg véi tin hi¢u
bang 0. Va coi tin hiéu ldy miu trén toan dai tan s6 d6 1a mot tin hidu c6 do thua S trong mién
tan s6. Do d6, tin hiéu nhan duoc c6 dang [14]:

YO =) xalt)* h(®) + w() 3
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Y =) Dur )+ wlh) @

Khi d6, Y(f) 1a thua trong mién tan s6 va né duge ap dung cho k§ thuat 1dy mau nén [19, 20].
Tin hiéu trong mién tan s6 duoc nhan voi ma tran lay mau dé tao thanh véc to 14y mau nén.
Mot ma tran lay mau @ c6 kich thuéc M X N duoc tao‘th;‘mh tir cac chuoi gia ngau nhién, vdi dai
lugng N, M du l6n céc thanh phén cia n6 phén bo gén gidng véi nhiéu Gaussian va théa méan
di€u kién RIP [15] dugc str dung d¢ 1ay méau v6i mot vai phep do tir tin hi€u thua nay. Véc to lay
mau nén khi d6 dugc bicu dién bai [15]:
Zr = (I)yf (5)
Trong d6, yy 1a dnh xa cua tin hi¢u nhan duoc trong mién tan s6 va vr = lf1, far s ] la VéC
toN X1,z lavécto M x 1, ® lamatran ldy mau M x N.

Tin hiéu dugc khoi phuc lai tir t6 hop cac phép do Z¢ sir dung phuong phap Bayesian cung
v6i nhitng hiéu biét vé tin hiéu thua trude do dé khoi phuc lai tin hiéu thwa ban dau.
Cong thirc khoi phuc dugc dua ra nhu sau [15]:
“fylifn”yf”1 v6izr = Qyy (6)

Tin hi¢u sau d6 duoc tai tao tur tdp hop cac phép do z¢ bﬁng phuong phap Bayesian dé khoi
phuc tin hiéu thwa thét ban dau.
dBm
-60

-70

w0 |t A Ak A
A

2400 MHz 2480 MHz
Hinh 2. Phé td‘n‘sér ctia tin hiéu diéu khién tir PTB Mavic 2 Pro.
Vach pho mau den chi tan so dang dwoc sw dung.

Khdi “Lay méu nén” trong so dd hinh 1 sé& thyc hién k¥ thuat lay mau neén theo phuong phap
Baye5|an ket hop véi giai phap phat hién dua trén tu twong quan. Gia sir rang, tin hiéu trong
mién tan s6 w = [wy, W, ..., wy] 12 tin hiéu c6 thé nén voi mac do thua s. it véc to wg =
[0, 5,0, ...0, wy] 1a mdt véc to c6 dd dai N trong d6 chi gitr lai M phan tir ¢6 gid tri 1on nhat con
cac thanh phan con lai dugc dat bang 0. Twong tu, véc to w, biéu dlen mot véc to c¢6 do dai N
véi N-M céac phan tur biéu dién cac phan tir nho nhit trong w, voi tat ca cac phan tir con lai cua
w, duogc dit bang 0. Do d6, chung ta ¢ w = ws + w, VA:

g = Pw = dwg + dw, = dwg + n, [13] @)
V61 n, = Pw,. Trong qua trinh ldy mau nén co thé c6 nhiéu va nhidu trong qua trinh lay mau
duoc dinh nghia la n,,,, thé hién bdi phan bo ngau nhién Gaussian va do do:
g = Pws +n, +n,;, = dwg +n[13] (8)
Trong d6, thanh ph?in n dugc coi nhu nhiéu Gaussian véi phuong sai khong xac dinh o2, Do
d6, c6 mod hinh xac xuat Gaussian [13]:
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p(glog, 0?) = (2m02) ™ 2exp (- llg — Da1?) ©)

Tin hiéu thua trong mién tin sé dugc khoi phuc thong qua giai bai toan hdi quy tuyén tinh véi
diéu kién rang budc cho cac trong sO thua ws. V6i @ biét trude, cac dai luong duogc ude lugng
dua trén cac phép do g 1a trong so6 thua thot wg va phuong sai nhleu 02 [13]. Trong thuat toan
Bayesian, muc tiéu la can tim dugc mdt ham mat do cho wg va a2

Bai bao nay ciing dé xuat mot hé thong phat hién pho tin h1¢u v tuyén bang rong duya trén ki
thuat ty trong quan va danh gia nhitng wu diém cua né so véi cac ky thuat khac [9]. Do d6, qua
trinh phan tich tu tuong quan tin hiéu sau khi khoi phuc dé quyét dinh giira hai trang thai: H, thé
hién trang thai tin hiéu khong xuét hién trén phé vO tuyén thu duoc va .7-(1thé hién trang thai tin
hiéu xuét hién [16].

Ho:y(n) = w(n) (10)
Hyizy(m) = s(n) + w(n) (11)

Trong d6: y(n) thé hién tin hiéu nhan duoc; s(n) la tin hiéu cia PTBKNLSN; w(n) la
nhiéu. Ma tran hiép phuong sai thong ké cia véc to y(n) va s(n) dugc ky hiéu la R, va R;
tuong ng, dugc dua ra boi cong thire [16]:

Ry = E[y(m)y" ()] (12)
Rs = E[s(m)s" (n)] (13)

Trong do, E biéu thi ky vong va (.)T dai dién cho toan tir chuyén vi.
Ma trdn R), c6 thé dugc biéu dién nhu sau [16]:
Ry = Rs + 0y (14)
Trong do, 63 thé hién phuong sai ciia nhidu va Ry, thé hién ma tran nhan dang. Néu khong c6
tin hiéu s(n), cac phan tr ndm trén duong chéo (Ry) = 0 twong (g vGi Ry = 0.

Vi ky thuat duoc trinh bay trong phan 2 chlng ta co thé thu duoc tin hi¢u nén c6 do dai
M « N ma van giir dugc cac thong SO ve tan sb cla tin hidu thua trong mién tan s6 can lay mau
gitp cho hé théng luu trir va xtr 1y tdn it tai nguyén hon. Phan 3 cua bai bao trinh bay mot qua
trinh thuc nghiém dé minh chimg cho hiéu qua cua ky thuét nay.

3. THUC HIEN

Ky thuét dugc dé xuét trong bai bao va ky thuat thu phd tin hiéu v6 tuyén iy mﬁu theo tiéu
chuan Nyquist [6] duoc thuc hién bang viéc sir dung ngon ngu 1ap trinh Python va nén tang v
tuyén cdu hinh mém USRP B210 [17, 18] dé so sanh danh gi4 hiéu qua cua k¥ thuat do.

Phan cimg thu tin hiéu vo tuyén duoc sir dung trong bai bao 1a USRP B210 c¢6 kha ning thu
dir liu voi bang thong t6i da 1a 25 MHz. bé thu tin hiéu v6i bang thong 16n hon 25 MHz can
phai tha doi tan s6 trung tim sau m01 lan lay mau. Hé thong dugc thiét lap tai vi tri c6 tam nhin
thing ddi véi PTB va khong c6 cac tan s khong mong mudn trong dai can giam sat.

PTBKNLSN dugc sir dung trong bai bao 1a Flycam DJI Mavic 2 Pro va duoc cdu hinh diéu
khién & dai tAn 2.4 GHz. Tin hiéu diéu khién sir dung k¥ thuat diéu ché FHSS/DSSS véi 32 kénh
tan s6 c6 do rong modi kénh 1a 1.4 MHz nam trong dai 2400 MHz - 2470 MHz. Pudng truyén
hinh anh c¢6 d6 rong 20 MHz st dung k¥ thuét diéu ché QPSK/16 QAM/64 QAM.

B¢ USRP dugc su dung lam bg thu va co thé diéu chinh tan sb trung tdm. Khi d6 mau lay
dugc s€ tuong Ung Vi tan s6 trung tdm va dugc luu dudi dang Python Numpy Array. Déi voi
m01 tan s trung tdm, cac ma tran liy mau duoc sir dung dé lay vé6i chi mot vai mau. Ma tran lay
mau la ma tran c6 dang Toeplitz dugc tao thanh tir cac gia tri trong chudi gia ngau nhién PN
[12]. Tin hi¢u dugc khoi phuc bang phuong phap Bayesian va khi d6 ky thuat tuy twong quan
dugc ap dung dé thu phd tin hiéu v tuyén ctua ngudn phat. Bé danh gia hidu qua cua ki thuat lay
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mau nen, phuong phap lay mau theo tidu chuan Nyquist dugc thyuc hién dong thoi d6i voi mdi
tan s6 trung tim dé so sanh.

Hinh 3. M6 hinh thuwc nghiém thu phé vé tuyén bang réng tie PTBKNLSN.
4. KET QUA VA PANH GIA

Phén nay trinh bay két qua qua so sanh gitra m6 hinh thu pho tin hiéu vo tuyén bing rong dya
trén phuong phap Bayesian dugc dé xudt trong bai bao véi mo hinh thu pho tin hiéu v tuyén lay
mau theo tiéu chuan Nyquist. Viéc lya chon thudt toan khoi phuc Bayesian la cén bang giita gia
tri 15i thap va thoi gian khoi phuc ngin khi so sanh véi cac thuat toan khoi phuc khac nhau vi du
nhu BP, Grades, OMP, IHT, BCS-RVM [10].

Céc nghién ctru trudc di so sanh sy anh hudng cua cac ma tran do trong lay mau nén [11], bai
béo nay sir dung ma tran do la ma tran Toeplitz duoc x4y dung tir cdc chudi gia ngiu nhién PN
dugc tao thanh tir mot da thire sinh [12]. Ma tran nay thoa méan diéu kién RIP, tbc do khoi phuc
nhanh hon va 15i khoi phuc thip hon so v6i s dung ma trén ngau nhién Gaussian vi né giam bot
cac thanh phan ngiu nhién va c6 ciu tric xac dinh. Vi nhimg 1y do nay bai bao s dung ma trén
Toeplitz cuing v&i thuat toan khoi phuc Bayesian dé thuc hién trong 14y mau nén.

_ Trong bai bao nay, dé danh gia m6 hinh thu phd tin hiéu vo tuyen‘bang rong st dung k¥ thuat
lay mau nén, mot vai thong s6 danh gia dugc sir dung. Chung bao gobm kha nang phat hién, kha
nang phat hién sai, sai s0 toan phuong trung binh (MSE) va thoi gian xu ly.

Kha nang phat hién va kha nang phat hién sai dugc dua ra boi cong thurec:

Py =17 (15)
NFD

Trong d6: Nj, 1a tong s6 lan phat hién dugc; Ngp 1a tong sé 1an phét hién sai; Ny 13 tong sd
lan thu.
Gia tri MSE dugc dua ra boi cong thuc:

MSE = ~3(Y - 7)° (17)

Trong d6, Y 14 tin hiéu nhin duoc st dung k¥ thuat 1dy mau theo tiéu chuin Nyquist va ¥ 1a
tin hiéu khoi phuc dwoc sau 1dy mau nén.

Bang 1 tong hop lai mot s6 théng sé da thyc hién. Tin hiéu phan tich 1a tin hiu phat ra tir
PTB DJI Mavic 2 Pro c¢6 dang didu ché QPSK vdi cong sudt phat P = 20 dBm, va dai tan hoat
dong tir 2.4 GHz — 2.47 GHz do PTBKNLSN giao tiép vdi bo didu khién ¢ khoang cach 200 m
va 1000 m so voi bo thu. Cac thong sé duoc do bang may do trudce khi thuc hién. Su ving mit
clia tin hidu dugc thuc hién bang viéc tat cong suat phat ciia PTB. Nham dé d4anh gia kha ning
phét hién va canh bao 16i qua trinh thyc nghiém duogc thuc hién véi 100 phép thir.
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Bing 1. So sanh hiéu sudt thu pho tin hiéu vé tuyén bang réng ciia ldy mdu nén.

Théng so tai 200 m LAy miu LAy miu nén | Laiy miunén | LAy miu nén
SNR=5dB theo Nyquist M/N =50% M/N = 25% M/N =12.5%
Khé néng phat hién 100% 100% 70% 11%
Thoi gian xir ly(ms) 54 39 30 24
Gié tri MSE - 0.08 0.87 1.2
Théng so tai 1000 m LAy miu LAy miu nén | Laiy miunén | LAy miu nén
SNR =-10dB theo Nyquist M/N =50% M/N = 25% M/N =12.5%
Khé néng phat hién 93% 85% 62% 7%
Thoi gian xu ly(ms) 54 36 28 21
Gia tri MSE - 0.42 0.91 1.6

Két qua trong bang 1 thé hién sy so sanh giita kha ning thu phd tin hiéu v6 tuyén cia ky thuét
lay mau nén va thu pho tin hiéu vo tuyén dua trén 1y mau theo tiéu chuan Nyquist. Khi PTB &
khoang cach 200 m (gia tri SNR=5 dB) v&i s6 phép do trong k¥ thuat 1iy miu nén chi bang 1/2
so voi ldy méu theo tiéu chuin Nyquist ca hai k§ thuat déu cho két qua nhén dang 1a 100%
nhung k¥ thuat 14y mau nén thyc hién véi thoi gian it hon dang ké. Két qua ciing chi ra rang kha
nang thu pho tin hiéu vo tuyén ting khi SNR tiang d6i voi ca hai cach tiép can. Ciing co thé thay
rang kha ning thu ting trong 14y mau nén khi sé phép do ting. Piéu nay c6 nghia 1a néu chung ta
¢6 thé ude luong gia tri cia SNR chiing ta c6 thé thiét 1ap s6 cac phép do 1a cac gia tri dic biét
ma van gitr nguyén kha ning phat hién.

5. KET LUAN

Bai bao nay dé xuit mot ki thuat iy miu nén trong viéc thu tin hiéu v6 tuyén bang rong dé
phat hién PTBKNLSN. Hiéu qua ctia k thuat dé xuat duoc so sanh véi ki thuat thu pho tin hiéu
v tuyén bang rong 1ay mau theo tiéu chuan Nyquist cho thiy d6 phirc tap tinh toan giam di dang
ké, trong diéu kién nhét dinh, véi s6 mau chi bang 50% nhung kha niang phat hién PTBKNLSN
1a twong dwong voi khi chua ap dung ky thuat nay. Ket qua trong bai bao co thé duoc sir dung
cho cac hé thong thu tin hiéu vo tuyén bang rong cAu hinh thap 14y mau theo thoi gian thyc.
Trong tuong lai, tac gia s€ tap trung nghién ctru dé nang cao hiéu qua phat hién va giam 16i cua
k¥ thuat 1dy mau nén bang viéc do ti s6 SNR va tu dong lua chon sb cac phép do dé giam 16i
trong qua trinh khoéi phuc.
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ABSTRACT

APPLICATION OF COMPRESSIVE SAMPLING TECHNOLOGY IN RADIO SIGNAL
RECEIVING TO DETECT UNMANNED AERIAL VEHICLES (UAV)

This paper proposes a method of sampling the radio signal received from the
unmanned aerial vehicles (UAV) applied in the design of a detection and warning device
system in order to respond promptly to the dangers posed by this type of vehicle. This
method uses compressive sampling technique (CS-Compressive Sensing) to reduce the
computational volume in wideband spectrum sensing. A receiver system was built using
Software-defined radio hardware (SDR) to evaluate this method. The results show that this
method has reduced the computational complexity significantly.

Keywords: CS; Spectrum sensing; Drone detection.
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