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PHAN TiCH QUY PUONG TRUYEN CHO
HE THONG FSO VE TINH CHUYEN TIEP
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T6m tat: Mang vé tinh quang khong gian tu do (FSOSN)
str dung cac lién két quang gitra vé tinh, ha tang trén cao
(HAP), va thiét bi dau cudi tai tram mat dat (GS). Nghién
cru nay phan tich quy duong truyén cho cac lién két quang
duong xuéng gifra vé tinh — HAP — GS trong moi trubng
nhi¢t doi, noi c6 thach thuc I6n vé thoi tiét. Do vé tinh co
cdng suat han ché, chung t0i danh gia anh huong cua
khoang cach lién két va moi truong dén cong suat truyen
M6 hinh suy hao quang dugc xay dung dé phan tich cac
yéu t6 nhu khoang cach truyen suy hao chum tia va anh
huéng cta may, mua. Két qua cho thdy, khoang cach
truyen lam tang manh suy hao chum tia, trong khi may la
yéu té anh hu’ong nhiéu nhat trong diéu kién nhiét d¢i. Dua
trén két qua nay, chung toi dé Xuat cac hudéng dan thlet ke
quy cong suat, gidp tdi wu hidu suat va dam bao két néi on
dinh cho mang FSO vé tinh — HAP — GS trong khu vuc
nhiét dai.

Tir khoa: Truyén thdng quang vé tinh (OpticsSatCom),
HAP, LEO, quy dudng truyén.

I. GIOI THIEU

Quy m0 thi truong vé tinh LEO toan cau udc tinh dat
10,54 ty d6 la My vao nam 2023 va du kién s¢€ tang truong
& tbc @ CAGR la 14,36% tir nam 2024 dén nam 2030 [1].
Su tang truong nhanh chéng vai viéc trlen khai cac chom
sao vé tinh 16n nham muc dich cung cap pham vi phua séng
internet bang thong rong toan cau. Cac cong ty dang phong
hang nghin v¢ tinh nho dé tao ra cac mang ludi két noi,
nang cao toc do dit liéu va kha néng két néi. Xu hudéng nay
duoc thuc day boi nhu cau ngay cang tang ddi voi internet
toc do cao, dac biét la & cac khu vuc xa x6i va chua dugc
phuc vu day di, va duy kién s& mo rong dang ké pham vi thi
truong va kha néng.

Thi truong v¢ tinh LEO ¢ Chau A- Thai Binh Duong
(APAC) chiém mét phan doanh thu déng ké vao nam 2023
nhu duoc chi ra trong hinh 1 [1] Chién lugc ting truong
cua khu vuc APAC bao gom Vviéc m& rong nang luc v¢ tinh
dé hd trg cac thi truong méi noi va ting cuong két ndi. Cac
khoan dau tur dugc thuc hi¢n vao phat trién cong nghe vé
tinh, co s¢ ha ting va hop tac khu vuc. Chinh pha va khu
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Hinh 1. Xu hwéng phat trién cua thi trieong vé tinh tinh
toi nam 2023 [1].

vyc tu nhan dang nd lyc nang cao nang lyc khong gian, cai
thién san Xuat v¢ tinh va giai quyét nhu cau | ngdy cang tang
vé dich vy truyén thong va quan sat Trai dat [2, 3].

Cl‘mg nhip véi su phéat trién cua chom sao LEO, sy ra doi
cta cac dich vy nhu ban d6 do nét cao va dinh vi/xac dinh
muc tiéu (vi du: phat tryc tuyén video 4K/8K va VR/AR)
da thuc day su phat trién cua Internet [4]. Bac bigt, cac
mang doc, ching han nhu vé tinh quy dao Trai dét thap
(LEO) va ha tang trén cao (HAP), da duoc dé xuat rong rai
nhu mét gidi phap mé rong thi treong truyen théng tu
khoéng gian. Nhiéu sang kién cua cac du &n I6n nhu la
Starlink, OneWeb, Globalstar va Telesat da cho thay cac
vé tinh LEO dugc t6 chirc trong cac mang chom sao da tro
nén hap dan nhu thé nao di voi pham vi phi séng Internet
toan cau. Cac HAP, chang han nhu ‘may bay va khinh khi
cau, dugc dic trung boi tinh dé trlen khai va bao tri, cau
hinh c6 thé thich ting va hiéu qua vé chi phi. Chang hoat
dong nhu cac tram chuyén tiép giira cac vé tinh LEO va
mit dat, ting cuong kha nang ma rong cua hé thong vé tinh.

Doi véi truyén thong tée do cao tir khong gian, truyén
thong quang khong gian tu do (FSO) la mot &ng cir vién
tiém nang nho bang thong khong can cap phép rong Ién
cua no [5, 6]. Vi cac HAP hoat dong ¢ d¢ cao 17-25 km
(noi tac dong cua thoi tiét 1a khong déng ké), nén viéc duy
tri cac ket noi FSO dang tin cay trong dleu kién thoi tiét va
khi quyen la mét thach thic. Cac van dé quan trong trén
céc lién két FSO HAP-dén-GS cubi la suy hao chum tia, d¢
phu cua may va nhleu loan khi quyén [7, 8]. Nhiing diéu
nay anh huéng den céc yéu cau nghiém ngat ve chat lwong
dich vu (Qo0S). Bé duy tri dugc chét lugng dich vy, ching
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ta can wdc tinh trudc cong suat truyén quang & ting khu
vuc dia 1y, noi c6 diéu kién méi truong thai tiét khac nhau
dé c6 ké hoach trién khai. Nhu duoc bao cao g?m day trong
[7], khu vuc APAC, noi c6 khi hau nhiét doi gIO mua, chiu
anh huong khic nhiét tir thién nhién. Biéu nay gian tiép
dan t6i sy anh huong déng ké téi cac hé thdng truyen thong
khong chi & phan hé mat dat ma con trong céc hé thdng
truyén thong tir khong gian.

Thiét ké quy duong truyen cho hé théng truyén thong vé¢
tinh — HAP — GS 1a diéu cap thiét, déc bigt trong bdi canh
khi hau nhiét d6i vai diéu kién thoi tiét khac nghiét. Do vé
tinh va HAP hoat d@ng trén ting binh luu hodc cao hon,
moi trudng truyén giira ching chu yéu 1a khdng gian chan
khong, khdng chju anh huéng ctia may va hién tugng nhap
nhay quang. Tuy nhién, lién két tr HAP dén tram mat dat
(GS) phal truyen qua bau khi quyen g@p phai suy hao do
tan xa va nhap nhay. Vi vay, cong suat truyen can duoc
dI’eU chinh dé bu dap ton that nay, dam bao chat lugng két
noi.

Trong phan khao sat tinh hinh trong va ngoai nudc,
chiing t6i nhan thay rang c6 nhiéu nghién cau khac nhau
xem xét phén tich quy cong suat cho truyén théng vé tinh
quang nhu c6 thé thay trong [9]-[13] va cAc tai liéu tham
khao trong d6. Khac vai tai liéu hién tai, ching t6i da khao
sat ca lién két lién v¢ tinh quang gitra cac vé tinh LEO va
lién két Ien/xu0ng quang gitra cac v¢ tinh LEO va cac tram
mat dat cd thé thiét lap FSOSN trong khong glan Trong
[9], céc tac gia nghlen ciru ty I¢ 15i bit so véi cong suat
nhan duoc cho cac lién két lién vé tinh quang, trong khi
chung t0i tap trung vao vi¢c kiém tra cac yéu to anh huong
dén cong suit truyén cho lién két lién vé tinh quang va lién
két Ién/xudng quang trong FSOSN LEO. Trong [10], céc
tac gia nghién ctru lién ket lién v¢ tinh quang véi toc do dir
ligu 10 Gbps. Trong [11], cac tac gia dé cap dén mé hinh
quy cong Sut quang cho lién két quang lién vé tinh va mo
phong cac lién két bang cach sir dung diéu ché QPSK dé
tim mdi quan hé glua khoang cach lién két va téc do dir
ligu. Trong [12], céc tac gia dua ra m6 hinh cho quy duong
truyén quang nhung phan tich cta ho dya trén mé phong
cac lién két quang LEO-to-GEO va GEO-to-ground, trong
khi ching t6i tap trung vao céc lién két quang LEO-to-HAP
va HAP-16i-GS. Trong [13], tan xa Mie va tan xa hinh hoc
duoc xem xét trong suy giam khi quyén cho lién két quang
Ién/xudng, trong khi trong cong trinh nay, chl'mg t0i cling
nghlen ctru anh huong cia khodng céch va goc nang dén
cac tac nhan bat loi cho lién két quang 1én/xuéng.

Trong phan tich qui dwdng truyén cia mang truyén
thong vé tinh — HAP — GS, ching t6i truge tién khao sat
cac dleu kién bét loi cia méi trudng, nhur 1a nhidu loan khi
quyen may, va suy hao chim tia, anh hudéng toi quy cong
suat quang can thlet ke Sau do, chung t6i phan tich anh
huong cua tung yéu té dén cong suat, dua ra gia tri dinh
lwong dé thuan tién cho vi¢c nghién ctru cling nhu dua vao
thuc tién dé cac nha cung cap dich vu c6 thé tham khao cho
bai toan hién tai va twong lai. Ttr két qua cua nghién cuu,
chung t6i dwa ra bign phap st dung bo khuéch dai va
chuyén tiép tai HAP dé bu suy hao chum tia tur v¢ tinh toi
HAP. Nghién ctu nay khong chi cung cap théng tin hitu
ich cho thiét ké quy duong truyén trong khu vuc nhiét dsi
ma con mé ra tiém nang ung dung cho cac h¢ théng truyen
thong vé tinh thé hé moi, gop phan cai thién hiéu sut ket
ndi va mé rong pham vi dich vy ¢ nhiing khu vuc kho tiép
can.
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Il. MO HINH HE THONG

Mang backhaul doc dya trén FSO véi nhiéu UAV va GS
& phan hé mat dat nhu dugc minh hoa trong Hinh 2.
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Hinh 2. Mgt vi du vé hé thong FSO vé tinh chuyén tiép
dwa trén HAP [14].

Dic biét, mot khu vy tir xa dwoc két ndi véi mang 16i
thong qua chom sao v¢ tinh LEO (vi du: Starlink cua
SpaceX. Sau d6, HAP d6ng vai tro 1a mot tram Chuyen tiép
gitta vé tinh LEO va hang loat cac thiét bi dau cudi thuoc
phan hé mat dat, vi du: cho cac sy kién thé thao, mang ludi
phuong ti¢n, thdng tin lién lac hang hai va cac su kié¢n tam
thoi. Chuyen tlep v¢ tinh LEO duoc hd tro boi HAP tsi
nhiéu thiét bi dau cudi. Bé ngan gon, chling tdi biéu thi vé
tinh LEO lanat S, HAP chuyén tlep‘|a nGt H va thiét bi da}u
cudi tai phan he mat dat 1a GS. So do khuéch dai va chuyén
tiep o theé duoc str dung tai nit H, khuéch dai tin hi¢u nhan
duoc tir S trudc khi truyén lai dén céc thiét bi dau cudi GS

M@ hinh kénh quang gitra vé tinh va HAP

Nhu da mo ta trong phan trude, tac dong cua may va
nhiéu loan khi quyén Ién chum tia quang tir vé tinh dén
HAP c6 thé khong dang ké, gan nhu c6 thé bo qua, do vé
tinh vd HAP nam phia trén cac dam may (tac 1a 17-25 km).
Chum tia quang Gaussian bi phan ky mot lugng trén duong
di tir v¢ tinh dén HAP. Tén hao cong suat duoc tinh la ty 1é
cong suat thu duoc cua khau do HAP so véi dign tich chum
tia tai HAP. Doi véi mot chum tia don, ton hao co thé dugc
udce tinh la [15]

202
Lleo ~ AO exp < p )’ (1)
deq
2 \/Eerf(v)

trong do wgeq = la chum tia tuong duong,

4 29 exp(-v2)
trong d6, w, = wy |1+ ¢ ( ) la chum tia tuong duong
wo

& khoang céach d,, w, = D 13 cham tia tuwong duong tai

( 9)

khoang céch d; =0 vai 6 1a goc phan ky, € = (1 +
2

Zp T )> po(dy) = (0.55C2k2%d,)~3/5 [8]. Bang cach gia

dinh rang viéc theo dai chi dong gitra vé tinh va HAP la

hoan hao, thi may do HAP nim & tdm cua ddu chan chim

tia (ttc 1a p = 0). Do do, A, = [erf (v)]? twong g VGi
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phan sé cong sut thu duoc tai p = 0 v6i v = M‘;—‘E laty lé
gitta ban kinh khau d6 va d6 rong chum tia.
A. Mb hinh kénh quang giiza HAP va mar dat

Doi véi duong xuong tir HAP dén GS, mé hinh toan hoc
caa hé s6 kénh dugc biéu thi 1a heso = hchahy trong d6 he 1a
suy giam do may, h, la fading do nhiéu loan gay ra, va h,
14 suy hao chum tia quang trong chang thar 2 tir HAP t6i
tram mat dat. Trong d6 suy hao chum tia & chang 2 c6 thé
dugc udc tinh tuong tu nhu cach phan tich ching 1 trudc
d6. Do d6, dé ngin gon va tap trung vao muc dich chinh
caa bai, ching t6i s& bo qua phan mé ta suy hao chum tia
trong chang 2.

Suy hao do may: Trong duong xuéng quang, suy hao
khi quyen rat nghiém trong do tan xa, do may gay ra. May
la két qua cua sy ngung tu hoi nuéc phia trén bé mat trai
dat va doi khi ¢6 thé 1am gian doan tin hiéu hoac chan hoan
toan tin hiéu quang tir HAP dén UAV. Bén canh do, budc
séng quang hoat dong trong bang tan THz twong tng Vvoi
pham vi budc song tir 0,8 dén 2 um, c6 kich thuéc hat gan
bang hoi nudc [16, 17]. Do do, hién tuong tan xa xay ra
trén duong truyen chum tia, dan dén glam déng ké tim nhin
va cong suat tin hiéu. Trong mo hinh nay, tam nhin c6 thé
duogc xac dinh dya trén ndng do s6 giot may N va ham
lwgng nudce long may Mc nhu sau [16]

1.002
T (NexM()0-6473" (2)

Tir thong s6 vé tam nhin ciia hé théng, chiing ta can xéac
dinh h¢ so suy hao cua tin hi¢u quang khi di qua viing may
bao phu 1a dang ké nhu thé ndo. Bé luong héa duoc su suy
hao nay, ching toi su dung phuong trinh Beer-Lambert dé
xac dinh sy suy giam may va c6 thé dwoc biéu thi nhu sau:

L, = exp (— dac ), ©))

cos(§xuy)

trong do dc 12 khoang cach lién quan dén hién tuong téan xa

xay ra. o . 12 hé s6 suy giam va c6 thé duoc biéu thi nhu
sau:
_ 391 (A[nm])_q 4)
€T yim) \ s50

trong do6 q 1 hé s6 dugc dua ra boi mé hinh Kim [17].

Hinh 3 khao st cong suat quang bi suy giam dudi tac
dong cia céc diéu kién may trong dai cong suat hoat dong
tir 10 dén 50 dBm. Thong thuong vai mot vé tinh bay cach
trai dat khoang 600 km va HAP bay ¢ d6 cao 20 km, gdc
phéan ky khoang vai urad thi suy hao chum tia dugc udc
luong khoang 30 dB nhu dang biéu dién cho du’ong mau
d6. Gia dinh khong c6 suy hao duong truyén nao khac,
chung t0i tap trung vao dénh gia sy anh huong cia may o
khu vyuc nhiét d6i gio mia véi ba diéu kién may khéac nhau
tuong ung Vo1 ham luorng nudc trong dam may lan luot 12
1, 5, va 10 mg/m3. R3 rang rang véi ham lwong nude trong
dam may cang 16n thi suy hao cang 16n, dac biét khi dam
may dic véi M. = 10 mg/m? thi tin hiéu quang cé kha ning
bi suy hao thém 30 dB nira trong khi sé chi 1a 10 dB vaéi
mic M. = 1 mg/m?,

Suy hao do nhiéu logn: Nhiing anh huéng quan trong
nhat cua nhidu loan khi quyén ddi vai chum tia laser bao
gom bién dang mat phang pha sy ma& rong cua chum tia,
su di chuyén cua cham tia va su phan bé lai cuong do trong
chum tia, dugc goi 1a hién tugng nhap nhay. Trong truong
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hop chiim tia phan ky manh, nhap nhay 1a nguén chinh gay
ra suy hao cong suat.

—8—Cong suét thu tai HAP

—¥—Céng suét thu tai GS khi c6 may tac ddng véi CLWC = 1 mg/m®
—O©—Cong suét thu tai GS khi co may tac dong véi CLWC = 5 mg/m®
—+—Céng sudt thu tai GS khi cd may tac déng véi CLWC = 10 mg/m®
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Hinh 3. C6ng sudt thu tgi tram mdr dat trong truong
hop chi xem xét dnh hirong ciia may trong c&c diéu
kién khac nhau.

Viéc danh gia cac suy hao cong suat do nhidu loan la mot
van dé phy trong viée tinh toan do kha dung. Do thiéu dit
liéu thuc té, rat kho dé udce lugng @6 manh nhap nhay trong
cac diéu kién thoi tiét khac nhau va xac dinh anh huong
cta nhap nhay ddi véi do kha dung FSO trong thoi gian
dai. Muc dich caa phan nay chi la cung cAp céc quan h¢ dé
udc tinh so bd mirc suy hao cong suat do nhiéu loan khi
quyén. D6 1a 1y do tai sao mot s6 sy don gian hoa da dugc
thuc hién: suy hao cong suit duoc giai quyét cho che doé
dao dong yéu, cac dic tinh cua chum tia laser duoc Xap xi
bang song cau, va muc suy hao cong suit phu thudc vao
X4&C suat toi da co duoc ty 1¢ 15i bit (BER) dudi mot gié tri
nhét dinh da dugc str dung. Cuong d¢ | ciia mot song quang
lan truyén qua khi quyén nhiéu loan 13 mét bién ngau nhién.
Phuong sai chuan hoa cia cudong do song quang, duoc goi
1 chi s6 nhip nhéy, dugc dinh nghia boi:

12
ol = #-1 ®)
trong d6 dau ngoac nhon biéu thi mot gid tri trung binh tap
hop. Chi sb nhap nhay chi ra cuong do cua cac dao dong
cuong d6. Déi véi cac dao dong yéu, nd ti 1¢ thuan va ddi
Véi cdc dao dong manh, no ti I¢ nghich voéi phuong sai
Rytov cho mét séng phang.

7 11
— 123 C2k6LE ©)

trong d6 C2la tham s cau trdc chi s khiic xa. Tham s nay
khdng dé do vi n6 phu thugc vao nhigt d¢, stic gio, do cao,
d6 am, &p suat khi quyen v.v. N6 bién thién kh0ang tur 107
12 3én 1071 m23, Mot sb phuong phap dan dén viéc danh
gia n6 dugc trlnh bay trong cac tai li¢u tham khao [18 —
20] Déi voi mot trudong nhiéu loan dong nhat cod the dugc
gia dinh khi lan truyen theo chiéu ngang gan mat dit, tham
s6 cau trdc chi s6 khuc xa 1a khong doi. Cac nhap nhay
quang hoc c6 thé giam bing cach tang dién tich thu thap
cua thau kinh thu; dién tich nay gay ra su tich hop ciia cac
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cuong do khac nhau tac dong I1&n cac phan cy thé cua thau
kinh. Hi¢n tuong nay dwoc goi la trung binh 16 mé. H¢ s6
trung binh 16 m& cho maot séng cau dugc cho bai:

515 )
A—U‘E— 1+ 0.333 kDZ\e
T g2 ' 41,

trong d6 o3 1a chisd nhap nhay cong suat va o/ 1a phuong
sai Rytov cho song cau. Co the thay rang anh huéng cua ca
duong kinh thau kinh va tham sé cau trdc chi s khic xa
Ién mtc nhép nhéy la twong @i 16n. Nhiéu cong trinh Iy
thuyét va thyc nghi¢m [21 - 23] cho thay rang dudi cac dao
dong yéu, cong suat quang hodc cuong do co thé dugc md
hinh hoa nhu mot tglen ngau nhién phan phdi lognormal.
Ham mat do xac suat (PDF) cta cong suat quang hoc nhan
duoc la:

o2 8
5] @
202

exp

p(P): Py zlncr2

trong d6 o2= In(c2) 1a phuong sai ciia cong suét log.

Ty I8 15i bit (BER) dat dugc trong qua trinh truyén thdng
qua bau khi quyén khong bi nhiéu loan thip hon ty 1& 13i
bit bi anh huong béi hién tuong nhap nhay, tuc la (BER0
BERSF ). bidu nay duoc gay ra boi su dao dong cong suat
c6 thé dan dén cac tin hiéu giam tam thoi. RG rang rang
Viéc ting cuong BER;, c0 the duoc giam thiéu bang cach
tang cuong Cong Sut quang tuong tng. Mot trong sb it
céch biét dén dé xac dinh suy hao do nhip nhay L. dua
trén gia dinh rang xac suat:

Pr[BER, < BER,. ]= PI[ 9)
PLC,. < (P)]=P,;

trong do PLCSC la cong suit tac thoi da duoc bu dap,
thudng thi né thip hon cong suét trung binh (P) trong cac
khoang thoi gian ma tong cuaching bang xac suét gidi han
trén P, nhan vai thoi gian truyen [24]. Bing cach sap Xep
lai phuong trinh (9) va gia dinh rang P phan phdi theo kiéu
lognormal theo phuong trinh (8), ching ta c6 dugc:

< L|= (10)
Pr[<P) Lsc )
1y_1 ln(i)+ "7
F(L_S(:)_E erfc|— —ha

trong d6 erfc(.) 1a ham bu 16i, F(.)la ham phan phol tich liy
(CDF). Do d6, suy hao do nhap nhay duoc biéu dién dudi
dang:

Lgc (11)

= exp [erfcinv(ZPub) /Zln(a}? + 1)]J

Trong d¢ erfeinv(.) 1a ham nghich dao cua ham sai s6 bo
sung. Vi op la ham cua L, ching ta cé thé viét la:

Apurp(L) = 10log[Lgc(L)] (12)
[dB]
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. PHAN TICH QUY CONG SUAT DPUONG
TRUYEN

—&— Cong suét thu tai HAP
—g— Cong suét thu tai GS khi co nhiéu loan manh tac dong véi Cﬁ(O) =101

~—8— Céng suét thu tai GS khi co nhiéu loan trung binh tac déng voi Cﬁ(O) =10

- % - Cong suat thu tai GS khi o6 nhiéu loan yéu tac déng voi C2(0) = 1077
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Hinh 4. Cang suat thu tai tram mar dat dui téc
dong cua nhiéu logn khi quyen trong ba truong hop
manh, trung binh, va yéu véi diéu kién troi trong
khéng c6 may.

Mot vi du vé so do muc cong suit caa hé théng FSO
trién khai & kich ban vé tinh — HAP — GS. C4c tac nhan c6
hai cho lién két FSO gay ra suy hao dac biét c6 thé quan
sat dugc gitta mot diode laser & mét phia phat va mét
photodiode & phia thu cua tuyén FSO. RG rang ring cong
suat quang thu dugc ¢é thé dugc viét dudi dang:

B =P — Licong (13)

trong do Py 1a cdng sudt quang trung binh cua diode laser,
Lieo nap 12 suy hao chum tia (ng véi chang tir vé tinh téi
HAP, L, 1a suy hao do may. L., la suy hao do nhiéu loan
khi quyén (tan xa va nhiéu loan), va L;e, 4 12 suy hao
chum tia {ing véi chang tir HAP t6i tram mat dét. Dé tach
song thanh cong, cong suat trén vung hoat dong cua
photodiode P, phai nam trong khoéng dugc gidi han boi do
nhay ctia bo thu Pmin va cong suat qua tai cua bo thu Pmax
(cbng suat quang thu téi thiéu va ti da twong wng cho BER
cho truéc).

- Lleo,SH - LC - Latm

IV. THAO LUAN KET QUA

Trong phan nay, chung ta danh gia hiéu nang hé théng
V¢ tinh — HAP — tram mit dat nhur dwoc mo ta & trén. Chlng
ta xem xét cac théng s6 nhu sau: vé tinh LEO bay quanh
quy dao & d¢ cao 500 km, trong khi HAPS nam ¢ do cao
20 km. Céac goc thién dinh duoc dit bang 30 6, toc do gid
trung binh binh phuong 163} = wy = 21 m/s. Ngoai ra, cac
tham s6 duoc hiéu chinh trong tirng ngir canh sé duoc ghi
cha trong timng két qua.

Hinh 4 cho thdy méi lién hé gitra cong suét thu tai GS
trong cac diéu kién nhleu loan khé&c nhau trong céc vung
manh, trung binh, va yéu véi diéu kién troi trong khong co
may. Thong qua két qua nay, chlng ta c6 thé thay rang
fadlng do nhiéu loan gay ra s& anh huong manh téi vigc
gay ratilé Io| bit khi xtr Iy tai may thu con vé vén dé hap
thu cong suit thi khong déng ké. Cho du trong diéu kién
nhiéu loan manh nhat thi suy hao gay ra boi nhiéu loan khi
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Hinh 5. Cdng suat thu tai tram mar dat khi xem xét
lan lwot cdc tac dong tir méi truong vat ly bén
ngoal hé thong.
. c o -
quyén chi kh0ang 8 dB, mot con sé kha khiém ton S0 V&i
su suy hao do may gay ra.

Hinh 5 khao sat cong suét thu tai tram mat dat trong cac
diéu kién bét lgi ciia moi truong véi dai cong suat phat tur
10 dén 50 dBm. Duo’ng mau do the hién cong suit quang
thu duoc tai HAP, va cho ta thay rang sau quang duong dai
tir v¢ tinh t6i HAP, cOng suat ton hao mét di 30 dB do suy
hao chum tia. Tai HAP, néu 'khong st dung k§ thuat nao
khéac, tin hiéu dugc chuyen tiép t6i tram mat dat va ung véi
cac duong mau xanh chim tam giac, mau nau cham tron,
va mau den dau Cong s& thé hién cho cac tac dong co may,
c6 nhiéu loan, va c6 thém suy hao chum tia tai chang 2 cua
h¢ théng tir HAP t6i tram mat dat. Tir day, ta co thé thay
rang khi xem xét diéu kign may (véi Mc = 1 mg/m3) anh
hudng t6i hé thdng thi mat di khoang 10 dB cong suat nhu
duoc chi ra trong hinh 5 & trén. Trong truong hop néu cé
nhiéu loan manh xay ra dong thoi thi hé théng s& mat thém
khoang 5 dB cdng suat nita va tai phia thu chju thém suy
hao chum tia khoang 35 dB nira. Ly do khién cho suy hao
chum tia tai chdng 2 Ién hon chang 1 mac du kh0ang cach
truyén dan nho hon 1a vi HAP s& st dung chum gdc phén
ky lon nham huéng téi cung Cap mot vung rong ¢ phan hé
mat dat sao cho dap tng nhiéu nguoi dung ddng thoi hoic
ho tro cho cdc phuong ti¢n di chuyén lién tuc ma khong
can chuyén giao hay két noi lai. Con tai phia vé tinh chi can
phat chim tia véi goc phan ky nho dé dam bao cong suat
nhan duoc tai HAP du 16n, diéu nay c6 thé 1am duoc vi vi
tri cua HAP dugce xac dinh béi GPS; do d6, ching ta co thé
truyén thang chum tia téi vi tri cua HAP

Dé cai thién hi¢u ndng cta hé¢ thong truyen tin tr vé tinh
t6i tram mat dat thong qua nat chuyen tlep HAP dya
trencong ngh¢ FSO, b khUech dai va chuyén tiép 1a mot
giai phap tiém ning c6 thé trién khai tai HAP. Trong keét
qua cta hinh 6, chiing téi kiém tra tinh kha thi ctia giai phéap

TAI LIEU THAM KHAO

[1] Market analysis report, “LEO Satellite Market Size,
Share & Trends Analysis Report By Satellite Mass, By
Frequency Band, By Propulsion Type, By Application,
By End-use, By Region, And Segment Forecasts, 2024
- 2030,” [Online] available at:
https://www.grandviewresearch.com/

SO 04 (CS.01) 2024

= s N
o o o o

)
S
K

&
S, 3

A

—&8—Céng suét thu tai HAP
—%/—Cdng suét thu tai GS khi co may tac déng

- o Cong sudt thu tai GS khi co may
+ nhiéu loan khéng khi tac dong
—60_( Cong suét thu tai GS khi co may
—+—+ nhiéu loan khéng khi
70 | + suy hao chum tia tai chang 2 tac déng
10 20 30 40 50
Cong suat phat ctia vé tinh (dBm)

Cong suét thu dwgc tai tram mat dt (dBm)
o 5
o

Hinh 6. Khdo sat cdng sudt thu tai tram mdr dat
dudi tdc dong Ciia mdy va diéu kién nhiéu logn
diegc xem xét trong hai viing manh va yéu véi
cdng sudat phat 1a 40 dBm.

nay trong diéu kién may tang dan tir 1 dén 15 mg/m3 cho
hai truong hop nhiéu loan manh (C2 = 10%) va tai ving
nhiéu loan yéu (C2 = 10%%). Cong suat duoc khao sat ¢ két
qua nay |a 40 dBm. Tai HAP, bo khuéch dai va chuyén tiép
(AF) dugc thiét ké sao cho ¢ thé bu duoc cdng suat ton
hao & chang mot, nghia la khoang 30 dB, cai ma hoan toan
kha thi vai cac bo kuéch dai quang ngay nay.

V. KET LUAN

Chiing t0i da phén tich mdi quan hé gitra quy duong
truyén va khoang céch truyén, ddng thoi xem xét tac dong
cua cbng suat va téc do dir lieu. Két qua cho thay quy
dudng truyén giam ty I nghlch véi khodng cach, diéu nay
dic biét quan trong dbi voi cac lién két quang khdng gian
tu do gitra v¢ tinh, HAP va tram mat dat (GS) trong lién ket
du’ong Xuong Nghién ctru da tinh toan suy hao cong sut
do céc yéu t6 nhu nhiéu loan khi quyén, may va suy hao
chum tia. ) )

Ching t6i d@ md hinh hoa chi tiet cac lién két quang,
danh gia ting loai suy hao dé lugng héa tac dong cua moi
truong. Khoang cach truyén duoc xac dinh 1a yéu té anh
huong manh nha; dén suy hao chum tia, trong khi may gay
suy giam dang ké tin hiéu quang, dac biét trong moi tnrong
nhiét dgi. Dya trén két qua nay, ching toi cung cap cac
hudng dan thiét ké quy cong suat thuc tidn nham téi vu
hiéu suéat h¢ thong, hd tro trién khai hiéu qua cac mang
truyén thong vé tinh — HAP — GS trong diéu kién khic
nghiét caa khu vyc nhiét doi

[2] D. Zhou, M. Sheng, J. Li, and Z. Han, ‘‘Aerospace
integrated networks innovation for empowering 6G: A
survey and future challenges,”” IEEE Commun.
Surveys Tuts., vol. 25, no. 2, pp. 975-1019, 2nd Quart.,
2023.

[3] Z. Jia, M. Sheng, J. Li, D. Zhou, and Z. Han, ‘‘Joint
HAP access and LEO satellite backhaul in 6G:
Matching game-based approaches,”” TEEE J. Sel.

TAP CHI KHOA HQC CONG NGHE THONG TIN VA TRUYEN THONG 46


https://www.grandviewresearch.com/

PHAN TiCH QUY BPUONG TRUYEN CHO HE THONG FSO VE TINH CHUYEN TIEP DUA TREN HAP ...

Areas Commun., vol. 39, no. 4, pp. 1147-1159, Apr.
2021.

[4] Y. Zhu, W. Bai, M. Sheng, J. Li, D. Zhou, and Z. Han,
““Joint UAV access and GEO satellite backhaul in
IoORT networks: Performance analysis and
optimization,”” IEEE Internet Things J., vol. §, no. 9,
pp. 7126-7139, May 2021.

[5] Thang V. Nguyen, Hoang D. Le, and Anh T. Pham,
"On the Design of RIS-UAV Relay-Assisted Hybrid
FSO/RF Satellite-Aerial-Ground Integrated
Network,” IEEE Transactions on Aerospace and

Electronic Systems, vol. 59, Iss. 02, pp. 757 - 771, Apr.

2023.

[6] Hoang D. Le, Thang V. Nguyen, and Anh T. Pham,
"Aerial IRS-Aided Vertical Backhaul FSO Networks
over Fisher-Snedecor F Turbulence Channels," IEEE
International Conference on Communications and
Electronics (ICCE), Nha Trang, Vietnam, Jul. 2022.

[7] Thang V. Nguyen, Hoang D. Le, Ngoc T. Dang, and
Anh T. Pham, "Average Transmission Rate and
Outage Performance of Relay-Assisted Satellite
Hybrid FSO/RF Systems," In the Proc. of the IEEE
2021 International Conferences on Advanced
Technologies for Communications (ATC 2021),
Hochiminh, Vietnam, Oct. 2021.

[8] Thang V. Nguyen, Hoang D. Le, Ngoc T. Dang, and
Anh T. Pham, "On the Design of Rate Adaptation for
Relay-Assisted Satellite Hybrid FSO/RF Systems,"

IEEE Photonics Journal, vol. 14, 1ss.01, pp. 1 - 11, Feb.

2022.

[9] C. Carrizo, M. Knapek, J. Horwath, D. Gonzalez, and
P. Cornwell, “Optical Inter-Satellite Link Terminals
for Next Generation Satellite Constellations,” in Proc.
Society of Photo-Optical Instrumentation Engineers
(SPIE), vol. 11272, article id. 1127203, 2020, pp. 1-
11.

[10]A. Maho et al., “Assessment of the Effective
Performance of DPSK vs. OOK in Satellite-Based
Optical Communications,” in Proc. Society of Photo-
Optical Instrumentation Engineers (SPIE), vol. 11180,
2019, pp. 1-6.

[11]B. Patnaik and P.K. Sahu, “Inter-Satellite Optical
Wireless communication System Design and
Simulation,” IET Communication, vol. 6(16), pp.
2561-2567, Nov. 2012.

[12]H. Lim, J. Park, M. Choi, C. Choi, J. Choi, and J. Kim,
“Performance  Analysis of DPSK  Optical
Communication for LEO-to-Ground Relay Link Via a
GEO Satellite,” Journal of Astronomy Space Sciences,
vol. 37(1), pp. 11-18, Mar. 2020.

[13]E. Erdogan, I. Altunbas, G. Kurt, M. Bellemare, G.
Lamontagne, and H. Yanikomeroglu, “Site Diversity
in Downlink Optical Satellite Networks Through
Ground Station Selection,” IEEE Access, vol. 9, pp.
31179-31190, Feb. 2021.

[14] Khanh D. Dang, Hoang D. Le, Chuyen T. Nguyen, and
Anh T. Pham, "Cooperative HARQ-Aided Multiple
UAVs in Optical Aerospace Backhaul Networks,"
IEEE Access, vol. 11, pp. 138247-138260, Dec. 2023.

[15] Thang V. Nguyen, Hoa T. Le, Hien T.T. Pham, Vuong
V. Mai, and Ngoc T. Dang, "Enhancing Design and
Performance Analysis of Satellite Entanglement-
based CV-QKD/FSO Systems," IEEE Access, vol. 11,
pp. 112097 - 112107, Oct. 2023.

[16]Hoang D. Le, Thang V. Nguyen, and Anh T. Pham,
"Cloud Attenuation Statistical Model for Satellite-

SO 04 (CS.01) 2024

based FSO Communications”. IEEE Antennas and
Wireless Propagation Letters, vol. 20, no. 05, May.
2021.

[17]1 Thang V. Nguyen, Hoang D. Le, Thanh V. Pham, and
Anh T. Pham, "Link Availability of Satellite-based
FSO Communications in the presence of Clouds and
Turbulence," IEICE Communication Express. vol. 10,
pp. 1-6, Jan. 2021.

[18]S. Rasouli and M. Tavassoly, “Measurement of the
refractive-index structure constant, Cn 2, and its
profile in the ground level atmosphere by moire
technique,” Proc. SPIE 6364, 63640G s2006d.

[19] G. d’Auria, F. S. Marzano, and U. Merlo, “Statistical
estimation of mean refractive-index structure constant
in clear air,” in Proc. of 7th Int. Conf. Antennas and
Propagation, 15-18 April 1991, York, UK, vol. 1, pp.
177-180, IEEE, Piscataway, NJ s1991d.

[20]G. R. Ochs, “Measurement of refractive-index
structure  parameter by incoherent  aperture
scintillation techniques,” Proc. SPIE 1115, 107-115
51989d.

[21]L. C. Andrews and R. L. Phillips, Laser Beam
Propagation through Random Media, SPIE,
Bellingham s1998d.

[22]L. C. Andrews, R. L. Phillips, and C. Y. Hopen, Laser
Beam Scintillation with  Applications, SPIE,
Bellingham, WA, s2001d.

[23]V. I. Tatarski, The Effect of the Turbulent Atmosphere
on Wave Propagation, Keter Press, Jerusalem s1961d.

[24]1D. Giggenbach and F. Moll, “Scintillation loss in
optical low earth orbit data downlinks with avalanche
photodiode receivers,” IEEE Int. Conf. Space Opt.
Syst., . 115-122, 2017.
DOI:01:10.1109/1CS0S.2017.8357220

PERFORMANCE EVALUATION OF SECURITY IN
COMMUNICATIONS BETWEEN LEO
SATELLITES AND HIGH ALTITUDE PLATFORM
STATIONS

Abstract: Satellites, high-altitude platforms (HAPS),
and ground station (GS) terminals can all communicate
with each other optically through free-space optical
satellite networks (FSOSN). In this study, the link budget
for satellite-HAP-GS downlink optical connections is
looked at in tropical climates that have a lot of weather-
related issues. Given the restricted capacity of satellites, we
evaluate the impact of link distance and environmental
factors on transmitted power. An optical loss model
examines variables including transmission distance,
propagation attenuation, and the effects of clouds and
atmospheric turbulence. The findings indicate that
transmission distance markedly elevates beam loss, but
clouds are the predominant factor in tropical environments.
Based on these results, we suggest guidelines for power
budget design that improve performance and maintain
stable connectivity for satellite-HAP-GS FSO networks in
tropical locations.

Keywords:  Optical  Satellite  Communications
(OpticsSatCom), HAP, LEO, Link Budget
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