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TOM TAT

Bai bdo dé xudt gidi phap bé sung cam bién do nghiéng va la ban dién tir cho kinh ngam TZK,
tich hop vao hé thu thdp va xu ly dir liéu cua kinh ngd'm Bai bdo ciing dé xudt gidi phap méi, theo
do chi sur dyng goc nghiéng tai thoi diém thiét lgp dé dam bdo an toan dit liéu. Viéc xir Iy di liu
goc nghiéng truc tuyen chi nham gidm sdt sw thay doi tw the, lam diéu kién thiét lgp lai kinh ngdam
trong hé toa do co dinh mat dat. Véi gid thiét muc tiéu duoc gan chat vao diém cudi ciia véc to
dwong ngdm, bang hinh hoc gidi tich va cdc phép quay géc O-le, thudt todn thiét ldp nhanh va
thudt todan thiét ldp lai dwoc xdy dung. Goc muc tiéu trong hé toa do c6 dinh mat dat dwoc xdc
dinh, cung cdp dau vao cho hé thong diéu khién héa luc phong khéng co dong. Két qud nghién
cuiru dwege dam bdo toan hoc chdt ché va mo phong truc quan trén Matlab.

Tw khoa: Kinh ngém TZK ci tién; Thuat toan thiét 1ap; Goc nghiéng; Goc O-le; Hé toa do; Phong khong co dong.
1. PAT VAN BPE

Kinh ngam TZK 1a mot loai kinh chi huy dugc ra doi tir lau, song hién nay van con nhiéu quéc
gia tlep tuc nghién ctru cai tlen va dua vao trang bi trong cac luc 1110rng vil trang. Muc tiéu cai tién
ban dau tap trung vao kinh ngam quang hoc nhim nang cao pham vi quan sat va co thé quan sat
dugc ca ngay va dém. Cai tién thém mot bude nita, TZK dugc gin cac cam bién do goc truc quay,
sd hoa cac thong s6 do goc; bo sung cac phim, nit chirc nang dé tich hop vao cac hé thong diéu
khién hoa Iyc phong khong C41 [1]. Kinh chi huy TZK khi dugc tich hop vao hé thong C4I s& co
kha ning dan so bo hé thong dleu khién bam phén tir ban, thay thé cho dai quan sat quang dién tur
[2,3]. Thong qua hé thong truyén thong, s6 lidu cac goc tam, goc hudng va kiéu loai t6p may bay
dugc dwa vé man hinh hién thi tai s& chi huy, giip cho viéc kiém tra va danh gia thuong xuyén.
Nghién ctru khao sat cho thdy cac cai tlen trong [1, 2] méi dam bao vé mit s6 hoa va b sung chic
nang két ndi dir liéu vi kinh ngam van can phai cin chinh can bang trudc khi dong b voi hé thong
diéu khién hoa Iyc. Cam bién do goc truc quay dang sir dung loai encoder tuong d6i nén can phai
tim diém zero (xung Z) khi thiét 1ap [3-5]. Vi vdy, yéu cau thiét 1ap nhanh TZK dé phuc vu tac
chién trong diéu kién co dong chua dugce giai quyét. Néu phat trlen dugc mot thudt toan thlet lap
nhanh cho kinh ngam thi s& khong mat thoi gian can bang, chi can dat TZK chic chan trén nén dat
13 ¢6 thé tac chién. Mot s6 nghién ctru [3-5, 8] x4c dinh goc muyc tiéu bang dai quan sat quang dién
tr song chwa dit van d& xay dung thuat toan thiét 14p nhanh. Vi ¢6 chirc ning phét hién va cung
cép phan tir ban cho hé C4I nhu dai quan sat quang dién tir nén TZK va h¢ diéu khién bam phan
ttr ban phai dugc thiét 18p trong cung mot hé toa 6. Do vay, can thiét bd sung thém 1 cam bién do
nghiéng 2 tryc, 1 cam bién do goc hudng (la ban dién tir), két hop véi thuét toan thiét 14p nhanh
dé giai quyét van dé trén. Tuy nhién, trong [2, 5], vi st dung truc tlep cac goc nghiéng tr cam bién
nén khi dir liéu c6 sy suy bién hodc mat két ndi truyén thong s& dan dén sai s6. Nghién ciru nay dé
xuat mot giai phap mai, chi sir dung cam bién do nghiéng & thoi diém thiét 1ap, sau d6 dit liéu goc
nghiéng duoc tw dong tinh toan theo vi tri cua kénh huéng TZK nhim ning cao do an toan vé dir
lidu cho hé théng. Dit liéu goc nghiéng do luong truc tuyén chi duogce dung vao viée gidm sat tu thé
ctia kinh ngam.
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2. PE XUAT GIAI PHAP THUC HIEN PHAN CUNG

Nghién ciru d& xuat lap mot cam bién do nghiéng 2 truc [6, 7] va mot la ban dién tur trén bé
quay khéi huéng. Trén hinh 1, TZK cai tién st dung 02 encoder do goc tuyét dbi dé do goc tam &
va goc huéng 8. Ngoai ra, 02 nut gat va 01 niit bam duogc sir dung 1am cac nat chirc nang; 01 man
hinh LCD dé hién thi gia tri cac tham s6. So véi hé TZK di dugce cai tién trong [1, 2], nghién ctru
nay da str dung cam bién do nghiéng, la ban dién tir va encoder tuyét d6i thay cho encoder twong
dbi, 1am don gian hoa thao tac ddng bd TZK vdi trung tim chi huy. Thém nifa, tiy diéu kién chién
ddu ma c6 thé chi can tric tha s 1; khong can tric thu sb 2 vi gia tri tham s6 muc tiéu da duoc
truyén vé trung tdm chi huy nho duong truyén thong RS-422.

Encoder (tuyét déi) tAm, hwéng Cam bién do nghiéng + la ban dién ti
v >3t y R5-485 Man hinh LCD
Phim an, | TTL Mach thu thép, < , hién thi tham s6
cong tic > Xt Iy tin hiéu STM32 e
« EEPROM
RS-422

Trung tam C4l ——

Hinh 1. So cdu triic hé thong thu thdp, xit Iy tin hiéu TZK cdi tién.

Do mach thu thap xi 1y tin hi¢u can phai tinh toan cic phuong trinh lwong giac phtrc tap véi
phép tinh s6 thuc nén ching t6i dé xuét chon lya dong chip ARM Cortex-M4 STM32F407 ciia
hang STMicroelectronics. Cau tric két ndi bao gdm 01 duong truyén RS-485 dé giao tiép voi cam
bién do nghiéng [7] va la ban dién tir, 02 dudng SSI dé giao tiép va doc gia tri cia 02 encoder tim
va huéng, 01 dudng truyén thong RS-422 giao tiép gitta TZK va trung tim chi huy, cac giao thic
I2C dé két néi v6i man hinh LCD va EEPROM.

3. THUAT TOAN THIET LAP NHANH KiNH NGAM TZK CAI TIEN

3.1. Xac dinh cac goc O-le ciia hé toa d§ cb dinh mit dat TZK tir cac cam bién

Yk
Zk 0 0
)
Xk
Ok
Zg Ay,
Xg
©)Oq
a) HTD c6 dinh mat dat va HTP dé TZK. b) Goc muc tiéu trong HTD c6 dinh mat dat.

Hinh 2. Gan cdc hé toa dg cho co hé kinh ngcfm TZK cdi tién.
Hé toa d6 (HTD) ¢ dinh mat dat TZK c6 thm 0Oy la tdm cua dé TZK, truc 04Xy hudng vé phia
tay, truc OyZ, hudng vé phia bac, truc 04Y, vudng goc v6i mat phang 0,X,Z, va cung voi truc
04X4 Va 04Z, tao thanh mét tam dign thuén (hinh 2a).
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HTD dé TZK c6 thm 0y, ciing 1a tim quay ctia TZK, truc 0, X, |a truc ngang cua dé TZK, truc
0, Y, hudng Ién trén va vubng goc véi mat phang dé TZK, truc 0,2, vudng g6c voi mat phang
01Xy Z, VA clNg Vi Cac truc 05, X, Va 0, Yy tao thanh mot tam dién thuan. Bé cho truc quan, hinh
2a biéu dién tach roi 2 HTD. Tuy nhién, vé ban chat, hai HTD nay co cung gdc toa do, c6 nghia 1a
O = 04. HTD dé TZK nhén dugc bang cach quay HTD mit dat TZK theo ba goc lién tiép: Quay
quanh truc 0,Y, mot goc 6; dugc HTD tha nhét 04X1Y1Z1; sau d6 quay theo truc 0,Z; mét goc
6, dugc HTD thir hai 0y X,Y,Z;; cudi cuing quay quanh truc 04X, Mot goc 85 dugc hé toa do tha
ba 04 X, Yy Zy. Ky hi€u: cosf; = cb;; sinf; = s, voi i = {1, 2,3,4,5}. Cac phép quay quanh cac
truc theo thir t trén duoc biéu dién nhu biéu thic (1):

c; 0 sb, c8, -—s6, 0 1 0 0
Top,=| 0 1 0 [Ty, =[s6, cB, O0;Tp,=[0 cb —593] ()

—591 0 Cgl 0 0 1 0 593 C93

Nhu vy, ma tran chuyén déi tir HTD {04} sang HTD {0y} dugc xac dinh nhu (2):
Tg/k = T93T92 T91 (2)
cO;ch, s6, —s6,cl,
Dodo: Ty = [—c91592c93 +s60,s6; cO,c0;  sO;s8,cO; + cH,s0; ] 3)
c0,s0,s03 +s0,cl; —cO,50; —sB,s0,50; + cH,cl3

Mot diém c6 toa do [xy, Vi, 2, ] ndm trong HTD 0, XY, Z) S& €0 toa do [xy, Vo, zo]" trong
HTD 04X,Y,Z4 va dugc xac dinh nhu (4):

[Xo Yo 2zo]" =T, YxXk Ve oz 4)
cf.c6, —cO;s0,cO3 +sO,s0; cOs0,503 + sO,cO;

Véi: Tg_/:}{ = [ 592 C92C93 —C02503 ] (5)
—sB0,c0, sO,s0,cO; + cO,s0; —sOs0,50; + cH,cO3

Léy diém A,, 1a diém cudi cua véc to don vi ndm trén truc 0, X, thi toa do cua A,, s& la
[1,0,0]7. Khi do toa do hinh chiéu cua né 1&n céc truc 04X4,04Yy,04Z, lan luot 14:
Xo, = €0,¢0y; yo, = s0,; zg, = —s0,C0, (6)
Géc tao boi hinh chiéu cua Oy Ay, 18n mét phang 0,X,Z, va truc 04X, 1a géc huéng € cua truc
0, X),. GOc & duge xac dinh bang chi s6 cua la ban dién tir va duogc tinh toan nhu sau:
&= arctg(zol/xol) = arctg(—s6,/c0,) =60, =—¢ @)
Nhu vay, goc chi phuong cua la ban & chinh la goc —6,
Géc clia dudng Oy X, V6i mat phang 0,X,Z, chinh Ia goc nghiéng ¢, theo truc 0, X cua dé
TZK va dugc xac dinh nhu sau:

@, = arcsin (yo/\/xcz,1 +y5, + 251) = arcsin(yp,) =60, = ¢y (8)
Nhu vay, goc ciia sensor do nghiéng @, gin trén truc 0, X, chinh 1a géc 6,.
Dé xéc dinh goc 65, lay diem A4, 1a diém cudi cia véc to don vi ndm trén truc Oy Z, c6 toa do
12 [0,0,1]". Khi d¢, toa d¢ [xo,, Yo, 203]T cua nd trong HTD 0,X,Y,Z, la:
Xo, = €0150,503 + 560,CO3; Yo, = —CO,803; zp, = —s0,50,50; + cO;cl;3 9

Géc gitta truc Oy Zy, V6i mat phang 0,X,Z, chinh la goc nghiéng ¢, theo truc 0,Z; cua dé
TZK va dugc xac dinh nhu sau:

@, = arcsin (y03/ x5, +¥5, + 2(2)3) = arcsin(—cf,s65) (10)
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Tur (9) xac dinh goc 65 nhu (11):
) sing, sing, sing,
sinf3 = — =— )
cos@, COS{Q, COS{P,
O day, 65 1a goc O-le thi ba, phu thude vao goc nghiéng do duoc theo truc 0y Xy va theo truc
04 Z,. Cac cong thuc (7), (8) va (11) dung d¢ xac dinh céc goc O-le gitta HTD ¢6 dinh mat dat
04X,YyZ, v6i HTD deé cua kinh ngam 0, X, Y, Z),. Goc O-le cia HTD dé TZK 14 co s¢ dé xac dinh
cac gia tri goc phwong vi va goc ta cia muc tiéu trong HTD cb dinh mat dat.
3.2. Xac dinh cac goc muc tiéu
a) Xdc dinh goc muc tiéu bang phép bién doi goc quay O-le
Sau khi xac dinh cac goc O-le ctia hé toa d6 c¢b dinh mat dat TZK tir cac cam bién (muc 3.1),
theo [3, 5] ta tinh dwgc goc muc tiéu nhu (12), (13)-(15):

arctg(rzz/rlz): T # 0

= 0; = —arcsin( (12)

M= T/yi112=0,155<0; A =arcsin(rsy) (12)
—T/yi112=0,713,>0

Vi T12 = —C2C3S4Cs + (S1S2C3 — €1S3)C4Cx (13)

T22 = —C28354Cs5 + (515253 + €1€3)C4C5 + (15283 — 51€3)Ss5 (14)

T32 = S3S4C5 + S1C5C4C5 + C1C3S5 (15)

b) Giai phap mgi dam bdo an toan diz liéu

Véi cac goc O-le xac dinh theo (7), (8), (11) va céc goc truc quay 8, & nhan duoc tir cam bién
do goc encoder, goc muyc tiéu trong HTP ¢ dinh mat dat hoan toan xéac dinh dugc theo (12), (13)-
(15). Tuy nhién, viéc dua truc tiép dir liéu thu nhan tir cam bién géc nghiéng vao hé thong tinh
toan gap phai mot sb han ché. Nhitng han ché d6 lién quan dén sai s6 tinh toan do do chinh xéac
ctia cam bién hozc hién tugng mat di liéu do duong truyén hay dap tng cua dit liéu cham tra vé
so vai chu ky lay mau. Vi vay, ¢ ddy chung t6i dé xuat mot giai phap méi, chi sir dung gid tri do
g6c nghiéng & thoi diém thiét 1ap, sau d6 goc nghiéng tir cam bién dugc sir dung dé giam sat tu thé
ciia TZK ma khong phai str dung dé tinh toan goc muc tiéu trong hé toa do c¢b dinh mat dat.

Tai thoi diém thiét 1ap coi vi tri kénh hudng B = By, ddt @1, = Oy, @7 = @,. Ta tinh duge
cac goc nghiéng tinh toan @, Q¢+ nhu sau:

S_infpztt = S_inq’zTLc_Os(B = Bo) — S_inq’xTLSin(ﬂ — Bo) (16)
SinQ@y¢; = Sing@,r sin(f — Bo) + singyyr,cos(Bf — o) (17)
Thuec té, vi cac goc nghiéng nhé (dudi 10 do) nén c6 thé tinh gin dung @, @, nhu sau:
Pztt = ¢ZTLC95(B = Bo) — @xrSIN(B — Po) (18)
Oxtt = PzrSIN(B — Bo) + Pyrc0s(B — Bo) (19)

Cong thirc (18), (19) cho thay tai timg vi tri goc phuong vi khic nhau, goc nghiéng tinh toan
theo cac truc Oy X, va 0, Z; phu thude vao goc nghiéng thiét 1ap ban dau. Cac gbc nghiéng tinh
toan (18), (19) s€ dugc sir dung dé xac dinh tham s6 goc muc tiéu.
¢) Thudt toan thiét Idp lgi

Vi chi str dung goc nghiéng ¢ thoi diém thiét 1ap ban‘d?lu nén trong qua trinh hoat dong, néu
TZK thay do6i do nghiéng 16n hon gidi han cho phép thi can phai xac dinh lai goc thi€t lap cua no.
Goi gidi han thay doi goc nghiéng bé cho phép la o. Ky hi¢u sy thay doi goc nghiéng doc 1a g,
su thay doi goc nghiéng ngang 1a o,

Ox = |Pxee = Pxls 0z = 1Pz - @, (20)
Khi g, > ¢ hodc g, > ¢ ¢6 nghia bé TZK da bi thay doi do nghiéng vuot qua su thay déi cho
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phép so v6i vi tri dd dugc thiét 1ap trudc d6. Géc nghiéng thiét 1ap can phai duogc tinh lai. Cac tinh
toan goc sau d6 s& dua trén goc thiét lap mai (21), (22).
@211, = 9zC0SP + @y sinf (21)
PxrL, = PxCOSP — @sinf (22)
Cic buéc tinh toan thiét 1ap nhanh:
— Burée 1: Pat TZK ¢ vi tri chdac chan, quay TZK Vé Vi tri ¢é géc phuwong vi By.
— Buréc 2: Thiét lap TZK theo (21), (22).
— Budc 3: Goc nghiéng tinh toan dwoc tinh theo cong thiic (18), (19).
— Budc 4: Goc O-le duoc tinh theo cac cong thuc (7), (8) va (11).
— Budc 5: GOC muc tiéu quan sat duoc tinh theo (12), (13)-(15).
— Buéc 6: O mdi Vi tri phuong vi, S0 sanh goc nghiéng tinh toan véi géc nghiéng doc Vé tir
cam bién. Néu sai léch géc nghiéng virot qua gidi han cho phép thi can thiét lap lai TZK
theo buoc 2.

4. MO PHONG VA BAN LUAN

Gia str quay mot vong kinh ngdm véi toc do 60 Us & goc tam 45° khong d6i. Nhu vay, thoi gian
quay mot vong khdi huéng hét 3 gidy. Vé mat hinh hoc, & goc tim 45°, sy bién thién cua goc
hudng 13 16n nhat. M6 phong duoc thuc hién véi 2 truong hop goc nghiéng bé 16n hon 5° va goc
nghiéng bé nho hon 5°. Cac ky hiéu sau duoc sir dung trong biéu dién két qua mo phong: ¢az 12
goc nghiéng cua dé TZK; @, ¢, 1a goc nghiéng cua truc OX, OZ tir cam bién do nghiéng 2 truc;
A1, 2, 14 gbc cuia muc tiéu trong hé toa do cd dinh mat dét (da dwoc bu nghiéng); B, € 1a goc truc
quay cac truc hudng, truc tim ctua TZK.

4.1. M6 phéng khi géc nghiéng ctia dé TZK nh6 hon 5% Truong hop 1

S 5 I I
NS e B
%
(§ 0 ~ ,” |
= . . Py
A . o

%0 ~ o ‘/’ _______ (pz
8 -5 I d)dé _

0 0.5 1 1.5 2 2.5 3
G

Thoi gian (s)
Hinh 3. Géc nghiéng dé TZK va géc nghiéng truc ¢ truong hop 1.

Két qua md phong trong truong hop goc nghiéng dé TZK nhé hon 5° duoc thé hién trén cac
hinh tir hinh 3 dén hinh 6. Hinh 3 biéu dién goc nghiéng cta dé TZK ¢ goc 5°, 1a tong trung binh
binh phuong cua cac géc nghiéng truc 0X va 0Z. Khi |@,| 16n nhét thi @z, bang 0, va nguoc lai.
B¢ phuong vi quay 1 vong thi goc nghiéng cua bé phuong vi khong thay d6i, chi c6 goc nghiéng
clia cac truc thay doi, song khong vuot qua goc nghiéng cua dé TZK. Hinh 4 thé hién goc truc
quay khéi huéng va goc hudng da dugc bu do nghiéng bé. Tin hiéu goc sau bu nghiéng 14 tin hiéu
tron. Trén hinh 5, luong goc bu nghiéng khéi huéng nhiéu nhit ding biang goc nghiéng bé & thoi
diém khbi phuong vi quay dén vi tri |, | 16n nhit va @, = 0.

400
] e
s 300 o
% 200
8 ] Goc: 1,
S 100 - .
< 7|Goc. B
S 0 |
G o 0.5 1 1.5 2 2.5 3

Thoi gian (s)
Hinh 4. Goc truc huong TZK va géc bu nghiéng kénh huong ¢ truong hop 1.
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Hinh 6 biéu dién sy thay ddi cia goc tim duoc bu nghiéng trong pham vi + 5% Két qua mo
phong cho thdy & thoi diém goc hudng can bu do nghiéng nhidu nhat thi goc tam khong can phai
bu nghiéng. Tin hiéu goc tam bu nghiéng ciing c6 dic tinh tron.

__10
Ne)
2R s —
T - e
SIS __j_’_
3% 5 —— i
= 0 0.5 1 15 2 25 3

Thoi gian (s)

Hinh 5. Luong bu goc nghiéng kénh huwong o trueong hop 1.

4]
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GéCZ ).2 —

--=-- Gobc: ¢ /

Géc tam (dp)
I
4]

A
=)

o

0.5 1 1.5 2 2.5 3
Thoi gian (s)

Hinh 6. Géc truc tam TZK va goc bit nghiéng kénh tam & triong hop 1.
4.2. M6 phéng khi géc nghiéng ciia dé TZK 16n hon 5% Trwdng hop 2

2 P— - P e e
S 5K =
N~ ~ /'
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2y . . o
S N Phe - 9,

~ - [ —

S RN A NSO B o |
Q o I ¢dé _
‘@ o] 0.5 1 1.5 2 2.5 3

Thoi gian (s)
Hinh 7. Géc nghiéng dé TZK va géc nghiéng truc ¢ truong hop 2.
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Thoi gian (s)
Hinh 8. Gdc truc huong TZK va goc bu nghiéng kénh huwong & trueong hop 2.

Két qua md phong véi truomg hop goc nghiéng dé TZK 16n hon 5° dwoc thé hién trén cac hinh
tir hinh 7 dén hinh 10. Hinh 7 biéu dién goc nghiéng cta dé TZK & goc 7,07°. Tuong tw nhu truong
hop 1, khi |@, | 16n nhat thi ¢, bang 0, va nguoc lai. Goc nghiéng ciia cac truc thay doi, song khong
vuot qua goc nghiéng 7,07° cua dé TZK. Hinh 8 va hinh 9 biéu dién sy thay ddi ciia goc truc hudng
va goc huong da dugc bu nghiéng voi dang tin hi¢u tron. Lugng bu goc nghiéng kénh hudng &
truong hop 2 (hinh 9) khong vuot qua d6 nghiéng 16n nhat (7,07%). Lugng bu goc hudng I6n nhat
khi goc nghiéng truc 0X I6n nhét va truc 0Z khong nghiéng. O thoi diém dé, goc tam khong can
bu d9 nghiéng. Tin higu goc tim sau bu nghiéng ciing c6 dic tinh tron (hinh 10).
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Hinh 9. Luong bu géc nghiéng kénh huwong o trieong hop 2.
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Hinh 10. Géc truc tam TZK va géc bi nghiéng kénh tam & truong hop 2.

Nhin xét chung: Vi kénh hudng lubn quay tron do d6 kinh ngdm TZK khong bi gi6i han vé
hanh trinh néu ¢6 bi anh huong bai do nghiéng cua dé. Tuy nhién, d6i v6i kénh tam, vi duoc thiét
ké chuyén dong trong pham vi -59 ¢én +87° nén ¢ nhiing vi tri tam qua cao hodc qua thép, tin hi¢u
goc tim bu nghiéng cung cap cho hé diéu khién hoa luc s& vuot ra ngoai pham vi chuyén dong cho
phép cua co hé diéu khién hoa luc. Tuy nhién, nhing truong hop nay s€ khong xdy ra néu ta dat
diéu kién giéi han chuyén dong cho viing diéu khién hoa luc.

5. KET LUAN

Giai phap bd sung cac sensor do hudng va do goc nghiéng cho dé TZK, ciing véi viée xem xét
cac chuyén dong cua cac khoi trong co h¢ TZK 1a cac phép quay O-le quanh mdt truc cta cac hé
toa do truc giao, thuat toan thiét 18p nhanh cho TZK da dugc xay dung. Tur d6, thuat toan xac dinh
gdoc muc ti€u quan sat bﬁng kinh ngém TZK trong hé toa d6 mat dat cling dugc thyc hién. Két qua
nay cho phép trién khai hé thong diéu khién hoa lyc phong khong co dong mot cach nhanh chong,
c6 thé bo qua khau Iy thang bang cho TZK. Giai phap sir dung géc nghiéng ¢ thoi diém thiét lap
dam bao do chinh xac tinh toan tham s6 goc muyc tiéu va do an toan dit liéu duoc tt hon.
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Diéu khién — Tw dpng héa

ABSTRACT

Solution for quick setup of improved TZK viewfinder integrated into
mobile anti-aircraft fire control system

The paper proposes a solution of supplementing tilt sensors and an electronic compass
to the TZK viewfinder, integrated into the viewfinder’s data collection and processing
system. The paper also proposes a new solution, which only uses the tilt angle at the time of
setting up to ensure data security. Online tilt angle data processing is only intended to
monitor attitude changes, to make a condition for resetting the viewfinder in the ground-
fixed coordinate system. Assuming the target is attached to the endpoint of the line of sight
vector, using geometry and Euler rotations, a quick setup algorithm and a reset algorithm
are built. The target angle in the ground-fixed coordinate system is determined, providing
input to the mobile anti-aircraft fire control system. The research results are mathematically
rigorous and visually simulated in Matlab.

Tir khoa: Improved TZK viewfinder; Setup algorithm; Tilt angle; Euler angle; Coordinate system; Mobile anti-aircraft.
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