Ky thudt diéu khién & Dign tiv

'THUAT TOAN PIEU KHIEN PI-OT PIN TRONG MO PUN
PIEU KHIEN XOAY PHA M-TI®.05 CUA PAI RA PA MANG PHA

Nguyén Vin Hanhl*, Ha Huy Dﬁngl, Pham Khic Lanhl, Tran Hoai Nam?

Tém tit: Ang-ten mang pha dwgc ung dung rong rai trong nhiéu thiét bi qudn su hién
dai nhw: ra da canh gidi, ra da diéu khién hoa lwc, dau tw dan tén lhira. Ra da mang pha la
mét dai ra da tich cuc 3 toa dg véi ang-ten mang pha dwoc nhdp ngoai nén cdc phan mém
dd bi ma héa va khéng thé dich nguwoc. Trong bai bdo nay, chiing téi trinh bay co sé xdy
dung thudt todn diéu khién di-ot PIN trong mé dun diéu khién xoay pha M-II®.05 cia dai
ra da mang pha (trén co sé khdo sdt chi tiét cac tin hiéu vao/ra va phan mém doc duwoc
trén chip kha trinh EPM7256AETI-100 cua mé dun M-I1®.05 nguyén ban cua Nga).

Tir khoa: Ang-ten mang pha; Di-6t PIN; Diéu khién xoay pha.
1. DAT VAN DE

Ra da mang pha la mot dai ra da tich cuc 3 toa d0 vdi ang-ten mang pha. Khi tai dugc su
dung dé quan sat toan canh cdc tinh hudng trén khong va trén bién, phat hién va bam cac muc
tiéu trén bién, trén khong va ké ca cac muc tiéu bay thip cé kich thudc nho va cung céap sd liéu
chi thi myc ti€u cho cac khi tai lién hop. Hé thng ang-ten 1a hé thong ang-ten mang pha, v6i cac
khe dugc khoét trén thanh hep cta Ong song. Qua trinh quét bup song dién tir trong mat phang
goc ta duoc thyc hién thong qua diéu khién pha ciia 64 bd xoay pha di-6t PIN trén 6ng song [1].
Viéc thyc hién diéu khién pha thong qua mé dun diéu khién xoay pha M-TId.05, tuy nhién, dé
hiéu va xay dung dugc thuat toan diéu khién trong mé dun M-T1®.05 1a mdt van d& kho khan,
phirc tap. Bai bao trinh bay thuét toan diéu khién trong mé dun M-TI®.05 trén co so khao sat chi
tiét cac tin hiéu vao/ra va phan tich phan mém doc dugc trén chip kha trinh EPM7256AETI-100
(hang Altera) cia m6 dun M-I1d.05 nguyén ban cta Nga.

2. XAY DUNG THUAT TOAN PIEU KHIEN BI-OT PIN
TRONG MO DUN PIEU KHIEN XOAY PHA M-1®.05

2.1. So' @6 chirc ning mé dun M-II®.05: Thé hién & hinh 1.
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Hinh 1. So do chitc ndng ciia mé dun diéu khién xoay pha M-I1®.05.
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2.2. Thuit toan tao tin hiéu diéu khién xoay pha

Xuat phat tir phuong phap dicéu khién
quét canh song ciia ra da mang pha va so do
chtrc nang cia mo dun M-I1®.05, thuit toan
diéu khién xoay pha bo dinh dang bup song
dai ra da mang pha dugc xay dung nhu hinh
2, m0 ta nhu sau:

Goc ta can hudng téi duogc chuyén thanh
“Dir liéu diéu khién” gdm cac dia chi, xung
ddéng bo dé “truy cap bang xoay pha tiéu
chuan”. Bang xoay pha tiéu chuan 1a mot bo
nh¢ chita cac qui dinh diéu khién di-6t PIN
tai cac thanh phan ang ten da dugc thiét ké va
can chinh san. Do sb lwong cac di-6t PIN 16n
(22 di-6t x 64 bo xoay pha), nén cac di heu
ndy dugc truyén tai trén cac bus dit liéu nbi
tiép cung voi nhom xung diéu khién-dong bo
t6i mé dun M-TI®.05 (chinh 1a mach chap
hanh). Tai m6 dun M-TI®.05 cac ma duogc
thu-bién d6i “giai mi theo vi tri diéu khién”
nho cac dau hiéu didu khién-dong bd. Lénh
didu khién vi tri di-5t PIN duoc cp toi cac
giao tiép vat 1y mot cach ddng thoi theo thoi
gian nho xur 1y “dong bo diéu khién cac thanh
phan ang ten”. Sau qué trinh diéu khién, cac
bd so sanh tin hiéu dién s& kiém tra ngu(mg
dién ap ndi tai di-6t PIN dé tao ra cac “tin
hi¢u klem tra”. Khi mot mach chap hanh b1
16i, s6 mach 15i s& dwoc cap nhat, néu sd
mach 16i khong gay anh hudng nghiém trong
t6i dinh dang bup song va sai s6 goc ta thi hé
thong van tiép tuc hoat dong. Nguoc lai, khi
s6 mach hong vuot ngudng cho phép, hé
thong s& dua ra tin hiéu bao hong dé ding
hoat dong cia dai ra da.

2.3. So @6 chirc ning phan mém giai ma-
dong bd didu khién

Phan mém thyc hién giao tiép cac tin
hiéu sé gdm: Tin hiéu diéu khién dia chi
(A0, Al, A2); tin hiéu dong bd (CSA,
CSB); tin hiéu Reset (x6a) (RD, RWR); tin
hiéu déng bo bit (WR); Bus tin hiéu dit liéu
nbi tiép (DO + D7); tin hiéu diéu khién di-6t
PIN (DAL + DA24; DB1 + DB24); tin hi¢u
ty kiém tra (SHTA #, BRKA #, SHTB #,
BRKB #) va tin hiéu bao 16i (RDCS). Tham
s6 cua céc tin hiéu nhu trong bang 1 [2].
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Bing 1. Tham s6 cdc tin hiéu.

, Chu ky ldp ¢ thang cw ly,
A , Murc
TT Ten tin Deng tin D¢ rong xung, t [us] tin T [ps]
hiéu hiéu v ’ " 30 60 150 | 250
hiéu
: km km km km
1 | CAc tin hiéu diéu khién dia chi
Chum 32 T (xung con) = 1.6; TTL | 264 | 490 | 1075 | 1818
1 A0 A \
xung vuong | t(chum xung)=102.4
Chum 16 T (xung con) = 3.2; TTL | 264 | 490 | 1075 | 1818
2 Al n \ _
xung vuong | t(chum xung)=102.4
3 A2 Xung vuéng =132 TTL | 264 | 490 | 1075 | 1818
2 | Céc tin higu ddng bd
CSA/ g xung B TTL | 264 | 490 | 1075 | 1818
CSB vudng, cach 1=64
nhau 61.5 s
3 | Cac tin hiéu Reset (x6a)
1 | RWR | Xungvudng t=0.8 TTL | 264 | 490 | 1075 | 1818
2 RD Xung Vuﬁng 1=1.6 TTL 264 490 1075 1818
4 | Tin hi¢u dong b bit
Chum 64 T (xung con) = 0.8; TTL | 264 | 490 | 1075 | 1818
WR ~ \ _
xung vuong | t(chum xung)=102.4
5 | Bus tin hi¢u dir liéu noi tiép
D0O=D7 64 bit TTL | 264 490 | 1075 | 1818
6 | Tin hi¢u diéu Khién di-6t PIN
- Dién 4p diéu khién mé di-6t PIN cuia b xoay pha:
DAl + Khi khong tai: +3.3 V;
+ +Khico tai: <+1.4 V.
DA24; | - Dién ép dicu khi‘én kh@a di—(}t PIN cua b xoay pha: 27V,
DB1 + | - Dang dién ap diéu khién di-ot PIN trong cac ché do:
DB24 + BPH1, BPH2 (khong quét bup song): DC;
+ BP1, bP2, BP3, BPH (quét bup song): Xung.

So d6 chirc ning phan mém nhung nap cho chip kha trinh FPGA [4, 8] nhu hinh 3, dugc mo
ta nhu sau:

Dir liéu diéu khién cac di- 6t PIN dugc truyén tai toi mo dun M-TId.05 theo 8 dudng dir liéu
ndi t1ep (64 bit/duong). Tai mdi md dun M-II®.05 chi c6 4/64 bit ciia mot duong dir liéu dugce su
dung dé tac dong toi cac vi tri cua di-6t PIN. Xung ddng bod CSA/CSB c¢6 trang thai thip trong
khoang thoi gian 6,4 us trung voi thoi diém xuét hién 4 bit dir liéu can thiét, trang thai nay diéu
khién khdi chirc ning cho phép dit lidu dé dua cac dir liéu tir bus tin hi¢u dir lidu ndi tiép toi cac
tﬁng chirc nang tiép theo. Gian dd tin hiéu vung dir liéu hop 1€ dugc mo ta trén hinh 4, tin hiéu
hop 1& dugc dam bao 6n dinh nho xung chdt bit WR.

MBOi bit trong 4 bit dit liéu hop 1é cua timg dudng DO + D7 twong mg voi chirc niang va vi tri
diéu khién di-6t PIN khac nhau. Cac dir liéu dang ndi tiép-song song nay duoc chuyén sang dang
song song hoan toan nho cum chitc nang ghi dich theo dia chi di kem véi timg dudng bus dit
liéu. Viéc diéu khién dia chi 4 vi trf co dang 2 bit A0, Al. Cac dia chi chi duoc tac dong khi A2
c6 mirc thap.
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Hinh 3. So do chirc ndng phan mém nhiing.

Nhu vy, sau qua trinh ghi dich cac bit dau vao cac thanh ghi 4 bit déu chua dy du 4 gia tri
bit dﬁf liéu hop 1¢. Trong do, cac bit thir tu RO, R1, R2 tai ’thanh ghi tuong rng voi gia trj diéu
khién mdt vi tri di-ot PIN. Bit tai vi tri R3 ludn 1a muc thap (j(')ng vai trd nhu mot bit kiém tra
tinh tin cdy cta duong truyén va cac hé thong giai ma. Gian d6 xung ciia nhom bit dia chi dugce
md ta tai hinh 5. Toan bo 48 duong di€u khién chi duge kich hoat dong thoi nho sudn 1én cua
cac xung ctra CSA/CSB. Vi tri cac di-ot PIN duoc dicu khién tuong ung véi cac bit dugc liét ké
tai bang 2.

Sau khi cac gia tri diéu khién dugc kich hoat, gléu hiéu kiém tra bao hong s€ dugc xac dinh
theo cac vi pham ngudng dién ap va dugc dua vé phan mém tai cac chan SHTA #, BRKA #,
SHTB #, BRKB #. Céc dau hiéu nay dugc ket hop voéi cac dicu kién ki€m tra tai 8 bit R3 cua 8
thanh ghi d¢€ dua ra quyét dinh bao hong hay khong.

Trong mét chu trinh diéu khién cac gia tri thanh ghi va quan 1y ddng bd duoc Reset tai murc
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thip cua cac xung RD, RWR. Gian d6 xung hoat dong tong thé duge mo ta trén hinh 6. Cac gia
tri tai dau ra trung voi cac gia tri bit dau vao theo bang 2, c6 dang nhu hinh 7.
Bdng 2. Vi tri di-6t PIN dugc diéu khién theo div liéu.

Duwong | Vitribit | Vitridi-ot | Vitibit | Vitridi-ot | Vitribit | Vi tri di-ot
TT | ditli¢u diéu PIN dugc diéu PIN dugc diéu PIN duoc
khién diéu khién khién diéu khién khién diéu khién
1 DO RO 1 R1 9 R2 17
2 D1 RO 0 R1 8 R2 16
3 D2 RO 3 R1 11 R2 19
4 D3 RO 2 R1 10 R2 18
5 D4 RO 5 R1 13 R2 21
6 D5 RO 4 R1 12 R2 20
7 D6 RO 7 R1 15 R2 23
8 D7 RO 6 R1 14 R2 22
o | —
we gyt B ey B BN e o R o BN o Yoy o o R ey NN o BN e N o W e MR
DATA(7) 1 | i ] 1 I 1 i l_
Hinh 4. Gidn dé xdc dinh ving dir liéu hop 1é.
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Hinh 6. Gidn do xung diéu khién trong mét chu trinh.
oroe
DIODE_PIN[21]
DIODE_PIN[20]
DIODE_PIN[19]
DIODE_PIN[18]
DIODE_PIN[17]
DIODE_PIN[16]
DIODE_PIN[15]
DIODE_PIN[14]
DIODE_PIN[13]
DIODE_PIN[12]
DIODE_PIN[11]
DIODE_PIN[10]
DIODE_PIN(S]
DIODE_PIN[8]
DIODE_PIN[7)
DIODE_PIN(S]
DIODE_PIN[5]
DIODE_PIN[4]
DIODE_PIN[3]
DIODE_PIN[2)
alclel801) S A S S o Sy N SIS sy I e Y U SR sy Sy R i (N [ GRS SN e Y i BN
DIODE_PIN[O]

Hinh 7. Dang dién dp diéu khién di-ot PIN.
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3. MO PHONG PANH GIA HIEU QUA THUAT TOAN VA KET QUA
3.1. So @6 mé phéng thir nghi¢m thudt toan: xem hinh 8.
a. Muc dich mé phong
- Kiém tra tin hi¢u dong bo va diéu khién, di¥ li¢u dau vao dugc tao ra bing cach mo phong
trén phan mém 1ap trinh Quartus phién ban 11;
- Kiém tra mi dau ra diéu khién theo cac dir liéu dau vao 1ap trinh.
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Hinh 8. So do ddu néi thiét bi kiém tra hiéu qua cia thudt todn diéu khién.
b. Phwong phap thuc hién

- Dung phan mem lap trinh Quartus phién ban 11 tao céc tin hiéu dong bd va diéu khién, cac
dir liéu dau vao giéng nhu bang 1, sau d6 nap vao mach FPGA. Thyc hién phat lai toan bo cac
tin hiéu nay tir bo mach FPGA cap cho m6 dun M-11d.05.

- Sir dung may hién séng O-xi-16 do tai vi tri cac tin hiéu diéu khién dia chi (A0, A1, A2); tin
hiéu dong bod (CSA, CSB); tin hi€u Reset (x6a) (RD, RWR); tin hiéu ddng bo bit (WR) va bus tin
hiéu dir liéu ndi tiép (DO + D7) trén cac chan cia gidc X1. Cac tin hiéu nay dam bao phai giéng
nhu bang 1 (myc 1 + 5).

- Str dung méy hién song O-xi-16 do tai vi tri 48 dau ra diéu khién 48 di-6t PIN (trén giic X2).
Khi do tai s dung 1a 02 mach kiém tra dau ra dugc ché tao phuc vu kiém tra cac trang thai dau
ra cta mach diéu khién xoay pha.

3.2. Két qua kiém tra thuit toan

Tién hanh thay doi trang thi cac bit thtr tw RO, R1, R2 cia dit ligu diu vao (DO + D7) nhu
bang 2. Thuc hién ki€m tra ce}c tin hiéu diéu khién di-6t PIN tg}i 48 dau ra trén giac X2, bang
cach quan sat trang thai sang/tat cia cac dén Led trén bo mach kiém tra A va B.

Két qua kiém tra trang thai cia cac vi tri di-6t PIN dugc didu khién theo thuat toan da xay
dung hoan toan tuén thu ding theo quy luat da trinh bay trong bang 2 va tuong duong véi mo
dun M-TI®.05 nguyén ban ctua Nga. Diéu d6 khing dinh thuat toan diéu khién di-6t PIN trong
mo dun M-T1d.05 da xay dung hoan toan chinh xac.

3.3. Két qua thir nghiém sin pham phin ctng
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To d@ tai da thiét ké, ché tao 02 md dun diéu khién
xoay pha M-TI®.05 méi (hinh 9), tién hanh nap phan
mém va lap dat thir nghiém vao dai ra da mang pha
trén tau Hai Quan. Két qua thir nghiém & tat ca 6 ché
d6 lam viéc bPH1, BPH2, BP1, BP2, bP3, EPH cua
dai ra da dap ung diy du cac chi tiéu ky thuat va
tuong duong véi mé dun nguyén ban cua Nga. Didu
d6 khing dinh tinh lip 14n twong dwong 1:1 va kha ' ;
nang ung dung thuc té ciia san pham da ché tao. Hinh 9. M6 dun M-I1®.05 ché tao mdi.

4. KET LUAN

Vi€e xay dung duoc thuat toan diéu khién trong mé dun diéu khién xoay pha M-I1®.05 cho
phép diéu khién bét ky vi tri ciia di-6t PIN nao trong 64 bd xoay pha di- 6t PIN trén bng song.
Diéu d6 giup ta thiét 1ap dugc muc xoay pha cua tung by xoay pha di- 6t PIN trén 6ng song dé
quét bup song dién tr trong goc ta theo mong muodn & tat ca 6 ché do lam viéc trén dai ra da
mang pha. Thuat toan diéu khién trong mé dun diéu khién xoay pha M-TId.05 cé thé phat trién
mg dung dé diéu khién cic bd xoay pha st dung di-6t PIN (trén mach dai hodc dng song) st
dung trong cac dai ra da mang pha & cac dai tin khac.

_ Loi cam on: Nghién cizu ndy thuc hién dudi sy tai tro vé kinh phi tir dé tai nén cdp Vien KHCNQS, ma
50 001/2020/HD-DT-RD.
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ABSTRACT

THE ALGORITHM CONTROL PIN DIODE IN
M-I1d.05 MODULE OF PHASE ARRAY RADAR

Phase array antenna systems are widely used in many modern military devices such
as: radar, fire control radar, self-propelled missile. Phase array radar is a 3-coordinate
active radar with an imported phase array antenna so the software was encode and could
not be reverse-translated. In this paper, we present the basis of constructing algorithm to
control PIN diode in the M-77@.05 phase shifter control module of phase array radar (on
the basis of detailed survey of the signals input/output and readable software on the
EPM7256AETI-100 programmable chip of the original Russian M-77®.05 module).

Keywords: Phase array antenna; PIN diode; Phase shifter control.
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