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TOM TAT

Pé trao doi théng tin véi vé tinh chiing ta can téi mot hé théng dng ten truyén va nhan tin hiéu
voi vé tinh da dwoc dang ky dich vu tir truoc. Viéc truyén nhdn tin hiéu gitra ang ten va vé tinh phu
thugc rdt nhiéu yéu t6 nhir cong sudt phat, g nhay may thu, moi truong. Dé dat dwoc mike tin hiéu
10t nhat huéng ciia dng ten can luén hwéng dén hwéng ciia vé tinh can lién lac. Trong qud trinh
chuyén dong ciia tau trén bién, tw thé ciia tau luén bi dnh hdng boi cdc tac déng nhw séng, gio, ...
do @6, géc dong ngdm ciia ang ten luén bi anh hwéng. Bai bdo sé trinh bay cach xdc dinh cdc
géc dng ten khi bi tac dong boi cdc yéu té bén ngodi nhir séng, gio va khao sdt toc dé goc ciia né
dé lam co s6 cho viéc thiét ké ché tao bé dng ten phuc vy cho bai toan bam sat v¢ tinh. Bai bao mo
phong danh gid thudt toan va dwa ra tham $6 goc va toc do goc ciia bé ang ten trong diéu kién tie
thé phwong tién thay doi trong mét pham vi xdc dinh.

Tur khoa: Goc duong ngam; Pong hinh hoc; Hé bdm anten; Phuong tién co dong.
1. MO PAU

Nhu cau str dung cac thiét bi thong tin truyén hinh, phat thanh bang tin hiéu vé tinh tai nudc ta la
rat 16n, do dic thi co bo bién dai chay doc dat nude voi nhidu cang bién va c6 sb luong rét 16n cac
phuong tién tau thuyén vén tai, danh bat thily hai san, canh sat bién, kiém ngu,... dang hoat dong
trén bién. Cac nghién ctru vé thiét ké, ché tao hé thong thu vé tinh dic biét 1a ang ten lién lac vé tinh
di dong tmg dung trén cac phuong tién tau bién, tau hoa, 6t6,... da duoc nhidu nha khoa hoc trén thé
giéi nghién ciru va cong bo trén cac tap chi khoa hoc k¥ thuat dién hinh nhu cac cong trinh [7-10].
O trong nudc hién tai da co mot sé don vi nghién ctru, truong dai hoc di va dang nghién ciru céc giai
phap cho thdng tin vé tinh [1-3], cac nghién ctru tap trung vao gidi phap thu nhén, xu Iy tin hi¢u tir
nhan vé tir vé tinh, xac dinh dugc goc dudng ngdm cho dng ten thu dit ¢d dinh trén mat dat. Chua
c6 nghién ctru, danh gia, khao sat bé ang ten di dong duoc dat trén tau bién.

Trong qua trinh chuyén dong cia tau trén bién, tu thé ctia tau ludn bi anh hudng bai cac tac
ddng nhu song bién, gio, va sy thay d6i hudng cua tau,... do d6, dudng cin bang tin hiéu cua dng
ten ludn bi thay dbi. Vi vay, dé ang ten lun hudng téi vé tinh ching ta can phai luén luén diéu
chinh gbc tAm va goc phuong vi ciia dng ten sao cho duong can bang tin hiéu cta né ludn tring
v6i dudng ngam cua ang ten toi vé tinh.

B¢ ang ten lién lac v€ tinh la mdt co hé co thé bao gém 2, 3 hodc dén 4 bac tu do [5, 6, 11].
Bai bao ngién ciru vé bé dng ten 1a mot co hé co 2 bac tu do, ¢ thé quay theo goc tim va goc
hudng va dong thoi gii han chi xem xét cac tinh toan, khao sat cho dng ten lién lac voi vé tinh
thong tin & quy dao dia tinh. Cac cam bién dit trén bé dng ten bao gdm: 01 GPS dé xac dinh vj tri
cua ang ten, 01 IMU dé x4c dinh cac goc nghiéng cua san tau noi dat ang ten. Dé thiét ké cho hé
truyén dong bam 3 ang ten ching ta can phai xac dinh dugc cac tham s6 goc cua bé ang ten. Khi bé
ang ten hoat dong can phai cung cap goc va van téc goc cho hé bam thyc hién viéc bam theo vé
tinh, mdt khac n6 ciing la co s¢ dé thiét ké, lwa chon cac phan tir ciu thanh bé ing ten nhu toc do
dong co, ti s truyén ctia hop s6. Do do, trong bai bao ndy s& trinh bay phuong phap xac dinh cac
tham sb goc 1am co s cho viée thiét ké ché tao hé truyén dong bam ang ten.
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2. XAC PINH GOC VA TOC PQ GOC ANTEN

Hinh 1. Quan hé vi tri ciia tau bién va vé tinh.

Trong bai bao sur dung cac hé toa do dé tinh toan 1a hé toa do dja tam, hé toa do tiép tuyén, hé
toa do lién két Hé toa d6 dia tam la hé toa do géc O trung v4i tam trai dat, truc OXe C6 chiéu
duong quay vé phia giao diém ciia duong kinh tuyen goc va duong xich dao, truc OZe trung voi
truc quay ca trai dat va tryc con lai OYe hudng vé phia dong hop voi hai tryc kia thanh mét tam
dién thuén. Hé toa do tiép tuyen co goc P dat ¢ tdm b¢ ang ten, tryc E 13 tiép tuyén v6i dudng vi
tuyen vé hudng dong, truc N tiép tuyén voi duong vi tuyén vé hudng bac, truc U tring véi duong
thang dimg dia phuong. HE toa do lién két co gbc trang véi vi tri ddt tim bé dng ang ten P, truc
PYp nam trén mét phing san gin ang ten, chiéu duong hudéng 1én miii tau, truc PXpnam trén mat
phang san gin ang ten chidu duong hudng sang phai, truc PZyp hudng 18n trén vudng goc véi mat
phang PXpYh.

Bang viéc str dung cam bién GPS dit tai ing ten chiing ta c6 thé xac dinh dugc toa do ang ten.
Gia str ang ten thu tin hiéu v¢ tinh c6 vi tri 1a P (Ap, @p R+ hp) trong hé toa d¢ dia tam.Trong do, Ap
1a kinh d6 @p1a vi do, R 1a ban kinh cua trai dét, hy do cao ctia dng ten thu P so v&i bé mit trai dat
tai mot thoi diém xdc dinh . Vi tri ctia vé tinh can lién lac ta c6 thé biét trudc. Hinh 1 v¢ tinh lién
lac S ¢6 vi tri trong toa d0 dia tam la S(As, @s, 1) va As 1a kinh do, @s1a vi d0, r 1a khoang cach tir tam
trai dat dén vé tinh S, hs 1a d6 cao cta vé tinh (khoang cach tur vé tinh dén bé mit trai dat theo
duong ngdn nhat), R 1a ban kinh cua trai dat.

Toa d0 véc to oP trong hé toa d¢ dia tam:

Xp (R + hp) cos A, cos ¢,
Yp (R + hp) sin 4, cos ¢, 1)
Zp (R + hp) sin g,

Véc to 0S trong hé toa do dia tam:

Xs T COS Ag COS @y (R + hs) cos A cos @
Ys [r sin A cos @ (R + hs) sin A, cos ¢ 2
Zs 7 sin @ (R + hs) sin ¢,
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Véc to 0S trong hé toa do dia tam: PS = 0S— OP

X Xs1 [Xp1 [(R + hs) cos Ag cos @ (R + hp) cos A, cos ¢,
Y| =|Ys|—|Yp|=| (R + hs) sinA; cos @g | — [ (R + hp) sin A, cos ¢, 3)
Z Zs Zp (R + hs) sin ¢y (R + hp) sing,

Theo [4], Ma trén C % 13 ma tran chuyén tir hé toa do tiép tuyén sang hé toa do dia tim duoc
xac dinh nho biéu thic:

—sind, —sing,cosl, cosg@,cosi,
CE=|cosd, —sing,sind, cosg,sini, (4)
0 COS @) sin ¢,
Do d6, toa do véc to PS trong hé toa do tiép tuyéncé thé xac dinh theo biéu thirc:
E X
N|=cE x|y )
U Z

Pé tryc anten hudng vao vé tinh thi ta phai diéu khién sao cho dudong ngim anten — vé tinh
tring v6i hudng ciia véc to PS. Dé thyc hién bai toan nay trén tau sir dung hé truyén dong bam
gbc st dung hai dong co dé dieu khién cac goc dinh hudng anten (goc B, a) so voi hé toa do lién
ket gan voi tau hinh 2b.

7y S
Zy

/ > -
/ : B
Xb

Yo

Phuong ngang
Hinh 2a. Hé hé toa do lién két va tiép tuyén. Hinh 2b. V¢ tinh trong hé toa dg lién két.
Toa d6 véc to PS trong hé toa dg lién két duoc tinh theo biéu thic:
Xb N
=Cp = E (6)

1 c059 0 smH cosy siny 0
Trong d6: CE = |0 COS(;D sm¢ —Sll’ll/) cosd) 0

0 —sing cos¢ —sm@ 0 cosH 1

Véiy 1a cac goc hudng hop boi hinh chiéu cia truc doc phuwong tién len mat phang nam ngang
v@i huéng bac, 0 14 goc gat hop bai truc doc phuong tién v6i hinh chiéu cua no xuong mat phang
nam ngang, goc ¢ la goc nghiéng hop boi truc nam ngang va hinh chiéu cua n6 udng mit phing
nam ngang thé hién trong hinh 2a. Viéc do cac goc nay c6 thé duge thuc hién bang la ban va cam
bién do d¢ nghiéng (Inclinometer Sensors).

Theo hinh 2b toa d6 vec to PS trong hé toa do lién két duoc c6 thé xac dinh bang cong thirc:

Xp cosecosf3
Yp| = PS *|cosesinf (7
Zy sine

Do @6, cac goc B, € co thé duoc xac dinh nhu sau:
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arctany—b, xp >0
Xb
arctan& +m, yp =0,x, <0
Xp (8)
Vb
B =1 arctang—n, Vv, <0,x, <0
T
E, Vb > O,xb =0
s
_E’ yp < 0, Xp = 0
Khong xac dinhx, = 0,y, =0
€ t %
= arctan ——
9)

/X,f + Y72

Pé thuan tién cho viéc tinh toan va diéu khién, gbc B s€ dugc quy udc 1a luon duong va nam

trong pham vi 360° > 3 > 0. B s¢€ dugc tinh:
g = { B, B=0 (10)
B +2m, B <0

Nhu vy, dé cho goc dai quan sét luon ludn bam dugc theo vé tinh can lién lac thi cac géc truc
cua anten trong h¢ toa d6 lién két 1a B , € va phai thay doi theo cong thire (8) (9) (10). Can clr vao
viée tinh toan dugc duge goc phuong vi va goc tam cua ang ten, tbc d6 goc cua bé dng ten B va £
nhéan dugc bang cach lay vi phan goc phuong vi va goc tam theo thoi gian.

3. MO PHONG, TiNH TOAN
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Hinh 3. Chuong trinh mé phong kiém tra két qud tinh todn.

Két qua tinh todn bai bao xay dung chuong trinh md phong trén Matlab — Simulink. Céc khéi
mo phong bao gém: khéi tao vi tri ciia anten, khéi tao gia vi tri ctia vé tinh, khéi tinh toan cac vec
to OP,’ 0S ,PS , khéi chuyen d6i PS sang hé toa do tlep tuyen, va khéi c}luyen ddi sang hé toa do
lién ket va tinh toan cac goc tryc cua anten, khoi tao gia tin hi€u tu thé cia phuong tién roll(¢),
pitch (0) va yaw(y). Khoi gom cac tham so vi tri cua anten (Ap, @p, R+ hp). Ban kinh trai datla R =
6371 km. Do hy<<R do vay OP = R+hy = R. Toa d¢ cua v¢ tinh 1a (As @sr) va khoang cach tir tam
trai dat dén vé tinh lién lac 1a r = 42200 km.
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Dé khao sat su phu thudc dudng ngiam vao su di chuyén ngang cua phuong tién ching ta s& so
sanh goc duong ngam cia phuong tién tai 2 vi tri khac nhau va cing ngdm vao mot v¢ tinh, ta s&
¢d dinh vi tri ban dau ciia phuong tién va thay doi vi tri lic sau dé danh gia duong ngam. Gia s
vi trf ban d4u ctia phuong tién 1a phuong tién: Ap=16.1191° P = 108.3360° (Son Tra — Viét Nam):
V¢ tinh thong tin (Vinasat 1): ¢ kinh d§ As=131.8° dong, vavi do ¢s = 0.02° véi chu ky 1a 23,93
gid. Géc phuong vi va goc tam ciia ng ten tinh toan dwoc & vi tri nay 1a 1an lugt 1a: 122.6022° va
57.0871°.

Bing 1. Bing so sanh géc dwong ngam ¢ cdc vi tri khdc nhau.

Vi tri lac sau . , Sai 1éch (d0)
A ——Khoang cach
STT Toa do Goe phrong vi ()| ¢ 1 (M | Goc phuong vi| Goc ta
Vido Kinh do p gVl ©) p gVl
1] 16.1191| 108.3364 122.6401| 57.0883 4010 0.0379( 0.0012
2 16.123| 108.2123 122.4564| 56.9707 13100 -0.1458| -0.1164
3| 16.1195] 108.337 122.6054| 57.0886 23320 0.0032| 0.0015

pé khao sat danh gia sy phu thudc cua goc duong ngam vao tu thé va huong clia phuong tién
mang ta c0 dinh vi tri cia phuong tién va mo6 phong cho tu thé phuong tién thay doi.

Theo s6 lidu cua [5, 6] bién do va tan sd cta cac goc tu thé phuong tién mang thay di trong
pham vi: Roll: £30° trong khoang 6 s, Pitch: £20° trong khoang 6 s, Yaw: £8° trong khoang 6 s.
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Hinh 4. Géc va toc do goc dwong ngdam ang ten khi tw thé phuwong tién thay doi.

Tir két ~qua bang 1 va m6 phong trong hinh 4 nhén thy: trong khoang thoi gian hiru han goc
dudng ngdm cua ing ten bi thay doi rat it theo cac vi tri ma thay ddi theo goc tu thé phuong tién.
Trong trudng hop khi tu thé phuong tién khong thay dbi, goc dng ten s& trung voi goc dudng ngam
va tde do goc cua ang ten bang khong. Khi tu thé phuong tién thay d6i theo tan s6 va bién do nhat
dinh gbéc ang ten chuyen dong theo quy ludt sao cho no6 ludn gitr duge duong cén bang tin hiéu
trung v&i dudng ngdm tir ang ten dén vé tinh, va khi do téc do goc cua ang ten cting ludn thay dbi,
tir su thay ddi d6 chung ta c6 thé xac dinh dugc tc do thay doi goc 16n nhat ciia dng ten dé dwa ra
yéu cau thiét ké vé tbc do goc cho bé ang ten dé ang ten co thé ludn bam dugc vé tinh trong sudt
qua trinh hoat dong.

4. KET LUAN

Bai bao di dua ra phuong phép tinh toan cac tham sé chuyén dong goc va téc do goc cho bé
ang ten di dong trong cho bai toan bam sat vé tinh. Bang két qua tinh toan cta bai bao c6 thé tinh
toan xac dinh duoc cac tham sb yéu cau dbi vai goc, toe do goc cua bé dng ten dé dng ten c6 thé
ludn bam sat dugc vé tinh can lién lac khi vi tri va tu thé cta phuong tién thay doi trong pham vi
nhat dinh, 1am co s& cho viéc thiét ké, ché tao, lya chon cac phﬁn tir két cAu cua bé ang ten di dong
dit trén tau bién. Bai bao mdi xét dén viée tinh toan dén dong hinh hoc ciia bé ang ten, chwa xét
dén bai toan tinh toan dong luc hoc cho bé ang ten.
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ABSTRACT

Calculation and survey of angular motion parameters
of ship-mounted antennas in satellite tracking

To communicate with satellites, a system of antennas is required to transmit and receive
signals to and from registered satellites. The transmission and reception of signals between
the antenna and the satellite depends on many factors, such as transmit power, receiver
sensitivity, and environment. To achieve the best signal level, the antenna must always be
pointed toward the satellite it needs to communicate with. However, the attitude of a ship at
sea is constantly affected by factors such as waves and wind, which can affect the antenna's
line of sight. This paper presents a method for determining the antenna angles when affected
by external factors such as waves and wind, and investigates its angular velocity to provide
a basis for the design and manufacture of an antenna platform for satellite tracking. The
paper simulates and evaluates the algorithm and presents the antenna platform’s angle and
angular velocity parameters under conditions where the vehicle's attitude changes within a
defined range.

Keywords: Look angle; Marine antenna; Antenna pointing; Satellite tracking; Wave and wind effect; Antenna platform;
Satellite communication.
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