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In this article, the authors investigate, develop, and evaluate a jamming
system utilizing Digital Radio Frequency Memory technology for
generating false targets or radar jamming in electronic warfare
applications. To assess the effectiveness of the Digital Radio Frequency
Memory system in receiving and retransmitting signals with desired
delays or Doppler frequency shifts, the authors employ a software-
defined radio - Hack RF One, to capture real radar signals.
Experimental evaluations conducted over a frequency range from 1-
1000 MHz demonstrate that the Digital Radio Frequency Memory
system is capable of accurately reproducing radar signals, achieving
Doppler frequency shifts within £ 0.001 MHz and delay errors of less
than 1s. The experimental results confirm the effectiveness of the
proposed system in electronic warfare scenarios, laying a critical
foundation for future advancements and applications of Digital Radio
Frequency Memory technology.
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Téc chién dién tir

Trong bai bao nay, tac gia nghién ctru, xay dung va danh gia mot hé
thong gy nhidu sir dung k¥ thuat nhd tan sb nhiam tao ra cic muc tiéu
gia hodc gy nhidu ra da sir dung trong tac chién dién tir. Dé danh gia
hiéu qua cia hé thong bd nhd tan s6 vo tuyén so trong thu, phat lai tan
s6 voi do tré mong muon hodc thay ddi léch tan Doppler, tc gia su
dung may thu v6 tuyén — Hack RF one. Cac thuc nghiém trén dai tan sb
tir 1- 1000 MHz cho thdy hé thng bo nhd tin sb vo tuyén sb c6 kha
nang tai tao tin hi¢u ra da v6i do chinh xéac cao, d6 1éch tan Doppler
trong khoang + 0,001 MHz va sai s§ vé do tré dudi 1 gidy. Cac két qua
nghién ctru khing dinh hiéu qua cua hé théng trong cac kich ban tac
chién dién tu, tao nén tang quan trong dé phat trién va Gmg dung k¥
thuat b nhé tan sb vo tuyén so trong tuong lai.
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1. Giéi thiéu

Tac chién dién tir (Electronic Warfare - EW) déng vai trd quan trong trong quan sy hién dai,
n6 co y nghia trong viéc bao vé cac khi tai, hé thong va con nguoi trude cac mdi de doa tir ddi
phuong. Mot trong nhitng k¥ thudt co ban trong tac chién dién tir 1a gay nhiu, muc dich giam
hodc v6 hi¢u hoéa kha nang phat hién, dinh vi, va bam muyc ti€u ctia cac hé théng ra da hién dai.
Véi sy phét trién manh mé ciia cong nghé, cac hé théng ra da ngay cang tr¢ nén tinh vi hon, tich
hop phuong phap xu 1y tin hiéu nhu nén xung, loc nhiéu, va chong nhiéu hiéu qua, 1am gia ting
thach thtc d01 voi viée trién khai cac ky thuat gay nhiéu [1].

Trong s6 cac phuong phap gay nhidu hién dai, k¥ thuat nhé tan s6 vo tuyén sd (Digital Radio
Frequency Memory - DRFM) c6 kha nang luu trlr, xu 1y, va tai tao linh hoat céac tin hiéu ra da dé
tao ra cac muc ti€u gid mao hoac gay nhiéu danh lira ra da ddi phuong [2], [3]. DRFM hoat dong
dua trén nguyén ly thu nhén tin hiéu ra da, s6 hoa va luu vao bd nhé toc do cao, sau do tai phat
tin hiéu véi do tré, dich tin Doppler hodc diéu ché bién d6 mong mudn [4]. DRFM dic biét hiéu
qua trong viéc danh Iira céc ra da st dung cac k¥ thuat xtr 1y tin hiéu sd tién tién, nhu cic ra da
v6i kha ning nén xung va chéng nhidu manh mé& [1], [5]. Kich ban dugc mé ta trong Hinh 1.

Anten
thu

Anten ' L

Pai Ra da J HE thong

DRFM

Anten
phét

Diéu khién thu phat
(Thay d6i tham s0)

Hinh 1. Kich ban thu phdt tin hiéu ciia hé thong DRFM

Cac nghién clru gin day da tap trung phat trién va tdi uu hoa cac hé thong DRFM cé vé phan
cling va phan mém, trong d6 nhan manh vao viéc tmg dung FPGA (Field Programmable Gate
Array) va DSP (Digital Signal Processor) nhdam nang cao hiéu suit xir 1y tin hiéu thoi gian thuec,
tang cuong do linh hoat va giam thiéu chi phi trién khai hé théng [6] - [8]. Mot sb nghién ctru da
dé xuat ciu traic DRFM st dung bo loc phan tich - tong hop (Analysis and Synthesis Filter Bank)
dé nang cao kha ning xir Iy déng thoi nhiéu tin hiéu vo1 bang rong va d chinh xac cao [9]. Tuy
nhién, cac cong trinh ndy méi chi ding lai & viée t6i wu hoa cdu trac phin cing va cac thuit toan
xtr 1y tin hiéu, ma chwa di sdu danh gia day du hiéu qua cta ky thuat DREM trong céc tinh hudng
thue té c6 nhidu phuec tap, dac biét la kha nang hién thi va phan tich tin hiéu ra da mdt cach truc
quan [6], [9].

Xuét phat tir khoang trong nghién ctru nay, bai bao dé xuét xay dung mot phan mém hé thong
DRFM st dyng thiét bi Hack RF One nhu mot module thu linh hoat. Muyc tiéu nghién cuu la
danh gia kha ning thu, phat va hién thi tin hiéu tir thiét bj Hack RF One, tir d6 ap dung k¥ thuat
DRFM dé tao nhidu gia hiéu qua trong cac tinh hudng tac chién cu thé. Nghién ctru tién hanh thir
nghiém thyc té va mod phong cac kich ban tac chién dién tir nham phan tich rd hiéu qua, wu diém
va han ché cua hé théng DRFM dugc xay dung, lam co s& cho viéc trién khai hiéu qua hon cac
hé théng DRFM trong tuong lai.

Céu tric cua bai bao gom 4 phan, phan 1 gi6i thiéu van dé nghién ciru. Phuong phap nghién
ctru duge trinh bay ¢ phan 2, bao gém cac ndi dung: Tong quan ndi dung vé DRFM, thiét bi
Hack RF One, phan mém GNU Radio va PyQt5, co sé nghién ciru vin dé. Phan 3 trinh bay két
qua va do, thir nghiém thuc té ching minh hé théng c6 kha ning tai tao tin hiéu, diéu chinh do tré
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va tao nhidu Doppler hiéu qua, chinh x4c. Phan 4 1a két luan tong quan khang dinh hiéu qua va
ung dung ti€ém nang cua h¢ thong DRFM, d¢ xuat cai thién kha nang xu 1y trong tuong lai.

2. Phwong phap nghién ciru
2.1. Tong quan vé DRFM

Digital Radio Frequency Memory (DRFM) la mét k¥ thuat quan trong trong linh vuc tac
chién dién ttr (Electronic Warfare - EW), cho phép luu trit, xir Iy va tai tao cac tin hiéu ra da mot
cach linh hoat va chinh xac. DRFM hoat dong nhu mot bd nhé sb tan sb vo tuyén, c6 kha nang
ghi nhan cac dic tinh vé tan sd, pha, bién do va do tré cta tin hiéu ra da, nham muc dich tao ra
céc myc tidu gia hodc giy nhifu danh lira hé théng ra da d6i phwong [1], [2].

Vé nguyén ly hoat dong, DRFM thu nhan tin hi¢u phat ra tir h¢ thong ra da d6i phuong,
chuyen ddi xuébng mot tan sé trung gian (IF - Intermediate Frequency), s6 hoa thong qua bo
chuyén dbi twong tu-s6 (ADC - Analog-to-Digital Converter) va luu trit vao bo nho téc do cao.
Tin hiéu luu trir sau d6 duoc xir 1y, diéu chinh cac thong sd nhu do tré thoi gian, dich tan
Doppler, pha va bién d. Tin hiéu sau khi xir Iy duoc phat ra thong qua b chuyén ddi sé-twong
tu (DAC - Digital-to-Analog Converter) [3], [4]. So db nguyén 1y hoat dong cua hé théng DRFM
co ban dugc mo ta trong Hinh 2.
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Hinh 2. So do khoi tong quan hoat dong ciia DRFM
2.2. H¢ thong mé phéng DRFM

Quy trinh thu phat tin hiéu va xu 1y trong hé¢ thong DRFM dugc md phong trén p‘hﬁn mém
chuyén dung, két hop vai thiét bi thu phat Hack RF One va phan mém GNU Radio nham tai tao
chinh xac tin hiéu ra da thuc té.

2.2.1. Phan mém mé phéng hé thong DRFM

Phan mém mo phong hé thong DRFM dugc thiét ké nham thyc hién cac chirc ning nhu thu
nhén, luu trit, xr Iy va phat lai cac tin hi€u ra da dé tao ra cac muc tiéu gia hodc gy nhiéu hiéu
qua. Giao dién phin mém duoc mé ta trong Hinh 3, bao gdm céac thanh phan chinh nhu sau:

Bang diéu khién hé thdng, dung dé cap nhat truc tiép s6 lidéu vao, man hinh hién thi pho
quan sat va pho dang thac nudc s& duoc cip nhat tirc thoi tai thoi diém diéu chinh, chi diéu
khién duoc tuyén thu cia hé théng (S6 1, Hinh 3).

Bang tin s6 cAm, tin hiéu thu duoc khi phat nim trong danh sach tin s cAm s& khong duoc
phat ra ngoai. Bo rong phd cam duoc tin bang tan sé cAm +/- 0,2 MHz (S6 2, Hinh 3).

Bang folder, nguoi dung quan sat sy ton tai cta file tin hiéu, kiém tra tin hiéu da luu trix &
dang .bin. Ngudi dung c6 thé thao tac x6a file hodc phat tin hiéu tir cac file (S6 3, Hinh 3).

Man hinh hién thi phé tin hié¢u v&i bang thong quan sat tirc thoi 1a +/- 10MHz tinh tir tan s6
trung tam (S4 4, Hinh 3).
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Man hinh hién thi phd dang thac nude, quan sat cuong d6 ning luong va thoi gian ton tai
cta tin hiéu v6i biang thong quan sat tire thoi 12 +/-10MHz, thanh trugt bén dudi giai didu ché
FM cho phép nghe ban tin khi truot dén tan s6 mong mudn (S 5, Hinh 3).

Bang hién thi tan sb trinh sat bao gém: Tan sb, cuong do, dén bao, thoi gian luu, kich
thuge file. Tan sé nhé dua vao bang bang cach click chudt trai trén phd tin hiéu. Pén bao hién
thi trang thai hoat dong nhu sau: Mau dé khi dang Iwu tin hiéu, mau cam khi dang phat, mau
xanh khi phat hoan tit, va mau vang néu phat tin hiéu thudc tan sé cdm (S6 6, Hinh 3).

Bang diéu khién tuyén phat, cho phép thiét 1ap thoi gian delay, phat ra & tan s6 doppler
hodc tan s6 méi va diéu chinh dugc hé s6 khuéch dai dau ra (S6 7, Hinh 3).

Man hinh hién thi pho tin hiéu sau bo loc thong thap dugc diéu chinh béi tan sd cat va
bing thong loc (S6 8, Hinh 3).

Bang terminal thong béo 13i va cac thao tac vin hanh ma ngudi dung thuc hién trén phin
mém hé thong (S6 9, Hinh 3).
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Hinh 3. Giao dién phan mém hé thong DRFM
2.2.2. Quy trinh thu phdt va xir Iy tin hiéu trong hé thong DRFM

Quy trinh gdm cac budc xir 1y tir thu nhan tin hi¢u bang module Hack RF One, qua xir 1y s6
trén may tinh, dén khi phat lai ra moi truong thyc té duge mo ta trong Hinh 4, cu thé nhu sau:

Céc tin hiéu dugc truyén qua Ang-ten cua Hack RF One, thu dugc tin hiéu trong dai tin quan
tam, khuéch dai, sau d6 chuyén xudng bing tan co s& va sb hoa dong I/Q.

Céc tin hiéu sau s6 hoa (ADC — 8 bit) dugc gip hang va qua USB 3.0 dwa vao may tinh (Hé
thdng DRFM) xir Iy.

Xt 1y tin hiéu trong GNU Radio: Str dung cac khdi chirc ning trong GNU Radio dé phan tich
va xac dinh ddc tinh tin hi¢u. Chuyén d6i dir liéu tir dang ludng lién tuc sang dang khung gan thé
thoi gian va cac tham sb can thiét cho qua trinh xir 1y tiép theo.

Giao dién diu khién (thiét ké bang Qt Designer) hién thi phd tan sé tin hiéu, thiét 1ap tham sd
thoi gian ghi, do tré, d di tan, cong suat phat,... Pugc két néi GNU Radio qua Python API (file
.py do GNU Radio Companion sinh ra).

Céc tin hiéu sau khi loc, toan bo khung 1/Q dugc ghi xudng tép .bin hoic RAM/SSD dang vong,
thoi lugng ban tin luu do nguoi dung thiét 1ap. Ché do phat: Tin hiéu s& duoc phét lai bang cach
doc dir liéu tir bo nhd, thong qua phan mém thiét 1ap tham sé do tré thoi gian, do di tin, phat tin sb
méi, sau d6 chudi I/Q dugc dua téi Hack RF One qua Ang-ten phat tin hiéu vao moi trudng.
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Hinh 4. Quy trinh thu phdt va xit Iy tin hiéu trong hé thong DRFM
3. Két qua va ban luin

So dd b tri thue nghiém duge mé ta chi tiét va cy thé trong Hinh 5.
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Hinh 5. So do thiee nghiém ddanh gid hé thong DRFM
3.1. Kiém nghié¢m dé én dinh tin so

Kich ban nay nhdm muc dich danh gia mirc d chinh xéac va 6n dinh cua hé théng DRFM
trong viéc thu va phat lai tin hiéu trong dai 1-1000 MHz tai cac tan sé: 10; 30; 80; 150; 281;
310,5; 443; 600; 800; 950; 1000 MHz, b tan sé bao phu di HFE-VHF-UHF va c6 cac diém cén
bién dé phat hién suy hao theo tin va sai 1éch & ria bang. Tin hiéu dugc phat ra tir may phat tin
hiéu chudn véi mirc cong suat -20 dBm, thé hién trong Hinh 6. Sau d6, Hack RF One thu tin hiéu
nay, luu dir liéu IQ va phat lai dé kiém tra kha ning tai tao chinh xéc tin hiéu gc. Cac thong sb
nhu bién d9, d6 rong pho duoc do dé danh gia chat lugng tin higu phat lai. Mot s6 két qua phan
tich chi tiét duoc trinh bay trong Hinh 7 va Bang 1.

443.000 00Q "=

RF - i
By =20.0 ™ ON "gbsgis

Offs 9.0 dB

Beon O "F 1.0000 *=

Hinh 6. Man hinh cai dit cdc thong sé cia may phat tin hiéu chudn

Két qua tir mdy phén tich phd cho thdy tin hiéu phat lai tir HackRF One c6 d¢ tuong ddng cao
so voi tin hi€u goc tir may phat chuan. Cuy thé, sai s6 tuyét d6i 16n nhat ghi nhén 1a 1,8 kHz tai 10
MHz, tiép dén 1,2 kHz tai 30 MHz, va 100 Hz tai 80 MHz. O cac tan s tir 150 MHz dén 1000
MHz, sai s6 do dwoc < 100 Hz, twong duong < 0,67 ppm tai 150 MHz va < 0,10 ppm tai 1000
MHz; cac gia tri nay thyc té da cham giéi han do phéan giai doc tan sb ctia phép do, tin higu phat
lai duy tri dugc dang phd rd nét va gan nhu khong c6 sy bién dang so véi tin hiéu ban dau. Tan
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sO cua tin hi¢u phat lai va tin hiéu chuan tuong ddng, cho thiy rd hé thong DRFM sir dung
HackRF One c6 kha nang tai tao tin hi¢u vai do chinh xac cao.

TS v Wkr1 443.000 Wkr1 443.000 MHz]
r ne ‘Ref Lavel -26.16 dBm “41.24 ‘Ref Level 26.16 dBm -60.89 dBm|
3 1

» \

o 1’ 1{
:’WWMJ = ‘{ \"n.. e
L N - cosmaned -~
[Fovmcm ] Wkr1 310.500 Wi 310.500 MHz
:--- Ref Lavel 26.16 dBm. -54.02 Rof Lavel -31.92 dBm -60.37 dBm

1 1
. . AN
i i B o
- —— - | N— -
a) Tin hiéu may tin hiéu c uan in hiéu Hac. ne phat lai
Tin hié 1y tin hiéu chua b) Tin hiéu Hack RF One phat I

Hinh 7. Man hinh hién thi két qua trén may phan tich pho
Bang 1. Két qua kiém nghiém hé thong DRFM trong thu va phdt lai tin hiéu

Tén s6 tin Tan s6 tin P lech Céng suét tin Cong suit tin Do chénh
hiéu chuan hiéu phat lai tAn sb hi¢u chudn (dBm) hiéu phat lai cong suat
(MHz) (MHz) ‘ (dBm) (dB)

10 9,9982 1800 Hz -60,53 -80,28 -19,75
30 30,0012 1200 Hz -55,12 -70,73 -15,61
80 80,0001 100 Hz -55,89 -72,23 -16,34
150 150 0 -44,61 -62,86 -18,25
281 281 0 -41,24 -60,89 -19.6
310,5 310,5 0 -54,02 -60,37 -6.35
443 443 0 -48,01 -56,82 -8,81
600 600 0 -35,24 -49,14 -13,9
800 800 0 -24,80 -36,64 -11,84
950 950 0 -23,03 -36,35 -13,32
1000 1000 0 -24,54 -37,79 -13,25

3.2. Kiém nghiém khd nang tao nhiéu gia cw ly

Trong kich ban nay, hé théng DRFM duoc thiét 1ap nhim tao ra do tré ¢b dinh 5 gidy nhu
trong Hinh 8. Qua trinh thyc nghi€m st dung tin hi¢u tai tin hiéu trong dai 1-1000 MHz tai cac
tan sd: 10; 30; 80; 150; 281; 310,5; 443; 600; 800; 950; 1000 MHz nhiam kiém tra d6 6n dinh va
chinh x4c ciia d6 tr& ma hé thong tao ra. May phan tich phd dugc cdu hinh & ché d6 quét theo thoi
gian (zero-span mode) v&i thoi gian quét 1a 50 gidy, tin s trung tim twong tng véi timg tin hiéu
duogc thu nghiém.

[ v Frequency dBm time rec trans size
Save_time 5 v
1| ¥ 31050MHz -489dBm 5(s) ] I O |7smB I ] I -l ] _

Hinh 8. Thiét ldp do tré trén hé thong DRFM
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Micr1 5.833 ms|
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a) Thiét ldp trén tan s6 31 0,5 MHz b) Thiét ldp trén tan s6 281 MHz

Hinh 9. Két qua hién thi trén mdy phan tich phé

Két qua trén Hinh 9 cho thay khoang thoi gian xuét hién cta tin hidu phat lai tir hé théng DRFM
dung nhu ky vong. Khi may phat tin hiéu chuan dumng phat tin hiéu (sau 10 gidy), hé thong DRFM
bat dau phat tin hiéu da luu trude do voi do tré chinh xac 1a 5 gidy. Cac biéu db tir may phan tich
pho cho thay 13 nét tin hidu xuét hién lai dung khoang thoi gian tré di duoc cai dat, sai so chua dén
1 gidy, chirng minh kha ning kiém soat do tré 6n dinh va chinh xac ctia hé thong.

Trong phép thir xac nhan kha ning tao tré, do tré 5 gidy khong mo phong tham sd van hanh
cia DRFM dung cho ra da, ma dé bao dam phép do 6n dinh va d& quan sat. Thtr nhit, khi van
hanh HackRF One trén GNU Radio, qué trinh chuyén mach thu-phét tao ra do tr& ¢& hang trim
ms; néu dit tré & mirc ps-ms thi tin hiéu phat lai dé chong 1an v6i khoang thoi gian chuyén mach,
khé xac dinh méc thoi gian chinh xéc. Thir hai, giéi han RAM cuia may tinh rang budc chiéu dai
bo dém tai_ tdc do 1ay mau, do d6 chon 5 gidy 1a mtrc con an toan khi chay kém giao dién/dd thi.
Thir ba, tré dai thuan tién cho hién thi zero-span trén may phan tich pho, gitp nhin rd khoanh
khic tin hidu dugc phét lai sau khi phat tin hiéu chuan. Tém lai, cdu hinh 5 gidy dugc dung dé
kiém nghiém nguyén 1y thu-phat lai c6 kiém soat tré ciia hé thdng DRFM.

3.3. Kiém nghiém khd ning tao nhiéu Doppler

Kich ban dugc thuc hién véi muc dich danh gia sy linh hoat va chinh xac cua hé théng DRFM
khi gia 14p hiéu tmg Doppler trong céc kich ban gy nhiéu ra da. Tin hiéu trong dai 1-1000 MHz
tai cac tan sb: 10; 30; 80; 150; 281; 310,5; 443; 600; 800; 950; 1000 MHz véi tin sé Doppler
thiét 1ap 1an 1a = 0,3 MHz, tan. May phan tich phd & ché do "MAX HOLD", véi dai quan sat
(span) dugc cai dat ti 1& voi cac mirc Doppler, gitp d& dang quan sat cac tin hiéu dich chuyén tan
s6 Doppler. Cac tham s thiét 1ap, két qua dwoc thé hién trén Bang 2 va Hinh 10.

Bang 2. Két qua kiém nghiém hé thong DRFM trong phdt nhiéu Doppler

Tan so tin hi¢u chuan Do dich tan thiét lap Af Tén s6 do dwgc (MHz)

f(MHz2) (MHz) (f + Af/f — Bf)
10 +0,3 10,2978/ 9,7086
30 +0,3 30,2988/ 29,7124
80 +0,3 80,2978/ 79,6966

150 +0,3 150,2946/ 149,6989
281 +0,3 281,3/ 280,6979
310,5 +0,3 310,8/ 310,2003
443 +0,3 443,3/ 442,6995
600 +0,3 600,3/ 599,6997
800 +0,3 800,3/ 799,6981

950 +0,3 950,2998/ 949,6993

1000 +0,3 1000,3002/ 999,7001

Két qua phén tich phé thu dugc cho thiy rd rang su xuét hién cua cac tin hiéu Doppler phat lai
0 cac tan sb dang nhu thlet 1ap ban déu trén toan dai 1-1000 MHz. Dai tan tir 281 MHz trd 1én,
sai s6 giita tan so do va tan s6 ky vong chi < 2,1 kHz (< 0,7% so véi offset 0,3 MHz); riéng dai
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443-1000 MHz dat 0,1 - 1,9 kHz (=~ 0,03-0,63% offset). Dai tin 10-150 MHz, sai s6 16n hon (1,1-
8,6 kHz), cuc dai 12,4 kHz tai 30 MHz (= 4,13% offset), pht hop v6i anh huéng d6 phén giai,
ddng bo phép do & tan s6 thap. Thé hién mic do 6n dinh va chinh xac ctia hé thong.

1 Seectrum . Mkr1 443.300 MH2
[Save_time | B 1[G ] el 1 A gnfuonv-- -64.39 dBm

Browser save_time @ _

[Delay | [o
Browser Delay E] -

[+Delta F_Doppler | [0.30 _ )
[RF_gain_trans 1[10 = [dbm]

[Volume | = ] = .y | | | ) | | |
(Conter 443.000 MMz Video BW 270 kiz Span 3.000 W
[Res BW 27 otz Sueep $.00 me (1001 pin

Hinh 10. Két qud mé phong nhiéu doppler
4. Két luan

Phan mém mé phong hé thong DRFM dé xuét trong nghién ctru nay da duoc chimg minh. Tin
hi€u phat lai dat d6 chinh xac cao, sai sb cuc dai 1,8 kHz, tir 150 MHz-1000 MHz sai sé < 100
Hz dat tiém c4n giéi han do. Thir nghiém Doppler + 0,3 MHz cho thiy hé thong tai tao diing du
v6i sai s6 mic Hz-kHz. Kha nang tao tré dugce xac nhén sai s6 nho hon 1 gidy. Cac két qua dat
dugc khong chi cung cip dir liéu quan trong vé hiéu nang k¥ thuat ma con mo ra huéng phat trién
moi dé tdi wu hoa hidu sut xir 1y tin hiéu theo thoi gian thuc va ting kha ning linh hoat cia hé
thdng DRFM trong twong lai. Tuy nhién, nghién ctru ciing chi ra mot s6 han ché nhu kha ning xir
1y tin hi€u theo thoi gian thuc con bi gidi han boi téc do xur ly cua phan cimg va cac thuat toan
hién hanh. Trong tuong lai, viéc két hop thém cac nén tang phan cing manh mé hon nhu FPGA
hoic cac giai phap DSP tién tién s& gop phan cai thién dang ké hiéu suét tong thé cua hé thong.
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