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Tém tit— Ngay nay cac cong nghé mang mdi cho mang
IoT dang thu hut rat nhiéu su quan tdm cua cac nha nghién
clru, mdt trong s6 d6 1a mang cam bién bay trién khai rong
FUSN (Flying Ubiquitous Sensor Network) co st dung cac
loai may bay khong nguoi 1lai UAV (Unmanned Aerial
Vehicles). Mang FUSN la sy két hop gitra mang cam bién
trién khai rong (USN) va mang bay Ad-hoc (FANET) dé
dé thu thap, xtr Iy va truyén dir liéu vé tram gdc. Mang
FUSN ngay cang duoc tng dung phd bién cho cac muc
dich dan sy va dac biét 1a trong viéc tim kiém ctru nan khan
cip. Cong viéc vu tién du tién can phai thuc hién trong
nhiém vy tim kiém ctru nan khan cp sau khi xay ra thién
tai d6 1a danh gia hau qua cua thién tai gy ra. Dé giai quyét
duge nhiém vu ndy, bai bao dé xuat phuong phap xay dung
va tb chirc hoat dong cua mang FUSN nham nang cao hiéu
qua cua viéc thu nhap va truyen dit lidu. Cu thé 1a dé xuat
mang cam bién bay trién khai nhanh trong truong hop tim
kiém ctru nan khan cip trong khu vuc chiu thién tai bang
cach sir dung cac UAV c6 trang bi cac cong (gateway)
khong ddng nhat c6 kha ning giao tiép voi nhau va ding
hé thong UAV c¢6 day budc lam tram gbc di dong. Pong
thoi két qua mod phong ciing cho thdy viéc trién khai mo
hinh mang phén cdp trén phan mang mit dat ciia mang cam
bién trién khai nhanh gitip qua trinh thu thap dit liéu cta
UAYV dat hiéu qua cao hon md hinh mang ngang hang.

Tir khéa—FANET, FUSN, UAV, h¢ théng UAV c6 day
budc, tim kiém ctru nan

l. GIOITHIEU

Trong nhitng nim gan day may bay khong nguoi lai
(unmanned aerial vehicle - UAV) ngay cang duoc su dung
phé bién. Trude hét 1a cac loai UAV 16n duoc sir dung
trong cac nhiém vu quan sy sau do6 la cdc UAV nho, si€u
nho dugc md rong pham vi ung dung cua minh trong cac
muc dich dan su (chup anh / quay phim, giao hang, thu thap
tir xa dit liéu tir cac cam bién, v.v.). Hon nita, UAV con c6
thé duogc trang bi thém cac thiét bj dé tmyén va nhan dir
liu khong day, né duge coi nhu mot cong (gateway) di
dong khong chi thu thép dir liéu ma con hoat dong nhu mét
bd chuyén tiép dir liéu khi can giri ching vé cac tram gdc
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ctia cac nha khai thac vién thong do kha niang hd tro nhiéu
cong nghé truyén dir liéu khac nhau. Mot gateway nhu vay
s€ hoat dong vdi vai tro duy tri lién lac gitta nhiing nguoi
ding (thiét bi, ngudi dung thiét b cia mang thong tin di
dong, v.v.) va mang thong tin cong cong. Két qua cia cac
nghién ctru thyc nghiém chi ra rang, viéc sir dung nhom
UAV dam bao hiéu qua tot hon cho mang bay khong nguoi
1ai, didc biét 1a trong truong hop ciru hd khan cdp khi ma
can dam bao dugc cac yéu cau vé sy bao phi song vo tuyén
toan bo khu vyc chiu thién tai trong khi co sé ha tang vién
thong khong c6 hoic khong con hoat dong. Mang cam bién
bay trién khai rong (FUSN) 1a mang gom cac UAV c6 thé
tuong tac v6i nhau va dung dé thu thap dir lidu tir mang
cam bién duoc trién khai trén mat dat. Bai bdo dé xuét
phuong phap xdy dung va té chirc hoat dong cua mang
FUSN nhim néng cao hiéu qua cuia viéc thu nhap va truyén
dir liéu, cu thé 1a dé& xuat mang cam bién bay trién khai
nhanh trong trudng hop tim kiém ctru nan khéan cip trong
khu vyc chiu thién tai. Trong phan II, ching ta cling tim
hiéu téng quan vé mang FUSN, cac diéu kién tién d& cho
su xudt hién ciia mang nay. Phan I1I mé ta dé xuét phuong
phép xay dung va to chirc hoat dong ciia mang FUSN thdng
qua mang cam bién bay trién khai nhanh dé thu thap dit liéu
trong truong hop tim kiém ctru nan khin cip khi xay ra
thién tai. Phan két luan cua bai bao dwoc xem xét trong
phan IV.

ll. TONG QUAN VE MANG CAM BIEN BAY TRIEN
KHAI RONG

A. Mang cam bién khong day

Hién nay, su phat trién ctia mang ludi truyén thong dugc
thyc hién dua trén mang Internet van vat (IoT) [1-3]. Mang
10T lai dwoc trién khai dya trén co s& cong nghé 1a mang
cam bién khong day (WSN) - 1a cac mang ty t6 chirc, dwoc
hinh thanh tir sy phan phdi trong khong gian ciia cac nit
cam bién khong day [4, 5]. Su phat trién cong nghé WSN
d3 dan dén sy xuét hién ciing nhu dugc ap dung rong rai
clia thuat ngir mang cam bién trién khai rong (& khip noi)
(Ubiquitous Sensor Networks - USN). USN bao gom céc
cam bién gia ré va thong minh véi s6 luong du 16n cung
hoat dong trong mot mang khong day két nbi véi mang vién
thong toan cau, sé cung cap dich vu voi pham vi rong chua
tung co6 trong tuong lai nhu dich vu kiém soat va quan Iy
nha &, doanh nghi¢p, phuong tién di lai, sinh vat... Trong
mang USN tily thudc vao timg loai cam bién, chung c6 thé
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dugc trién khai trén mat dat, trén khong, dudi va trén mat
nudc, trong cac toa nha va trén va trong cac co thé song...
[6].

B. Mang bay Ad-hoc (FANET)

Vao cudi thé ky 20, sy xuat hién cia UAV dan dén
nhiing co hoi méi trong linh viec mang va hé théng thong
tin lién lac, hay dang hon 1 kha nang cung cip cac dich vu
mai dya trén mang bay Ad-Hoc (Flying Ad Hoc Network
- FANET). Mot mang FANET la mang bao gém mét sb
UAV c6 kha ning giao tiép véi nhau [7].

FANET c6 kién triic phan tan, cung cip sy lién lac gitra
cac UAV khoéng can c6 sy tham gia ciia cac tram gdc mit
dat. Trong FANET, cac UAV c6 thé twong tac v6i nhau va
v6i tram gbc mat dit (hinh 1(1)). Thong qua twong tac
nhom UAV, FANET gitp cai thién nhimng han ché cia viéc
st dung mot UAV, nhu pham vi pht séng nhé va thoi gian
hoat dong ciia UAV ngén. Tuy nhién, do nhiéu UAV hoat
dong dong thoi trong mot mang nén dan toi viée phai doi
mat véi gioi han vé pham vi lién lac gitta UAV va tram géc
mat dat. Dé giai quyét vén dé nay, UAV c6 thé két ndi véi
vé t1nh tuy nhién dleu nay yéu cau pha1 lap dat thiét bi dau
cubdi vé tinh trén mdi UAV. Do d6 dan t6i su tang chi phi
duy tri va bao dudng mang, ciing nhu sy phic tap trong
hoat dong ciia mang khi gip diéu kién thoi tiét xdu (hinh
1(2)). Mot cu tric thay thé cho mang FANET, bao gom
mot s6 UAV va mot sb tram géc mit dat, duoc thé hién
trong (hinh 1.1(3)). Han ché trong pham vi lién lac c¢6 thé
dugc giai quyét bang cach thiét 1ap cac kénh lién lac giita
cac UAV. C6 thé thay & hinh 1(4), trong khi mét s6 UAV
giao tiép vGi tram géc mit dat hodc vé tinh, cac UAV khéc
s& c6 thé nhan dir liéu ma khong can giao tiép truc tiép véi
tram gdc mat dat, ma thong qua cac UAV lan can.
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Hinh 1. Cdc cdu triic khdc nhau ciia mang FANET

Viéc tao ra cac cdu tr(ic mang khac nhau cia FANET
cho su giao tiép cua UAV véi cac tram gbc mit dat 14 tién
dé cho sy xut hién ciia mot loai mang bay moi, trong do6
su giao tiép s& dién ra khong chi giita cac UAV ma con véi
cac nut trén mat dét. Cac mang nhu vy dugc goi la Mang
cam bién bay trién khai rong (Flying Ubiquitous Sensor
Network - FUSN).

C. Mang cam bién bay trién khai réng FUSN
Mang cam bién bay trién khai rong (FUSN) 1a mt trong
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nhitng dang WSN hodc USN [3, 6]. Pay 1a mot loai mang
tu t6 chuc dac biét sir dung cac UAV, chung dugc két ndi
va lién lac v6i nhau trong khong gian thong qua cac duong
truyén khong day va dugc dac trung boi cac thong SO sau:
phan tan, c6 thé trién khai nhanh chéng, tu to chirc va ¢
thé phuc hoi. Trong d6, cac UAV dugc coi nhu cac nat di
dong trong USN, ching twong tac véi nhau va tang kha
nang két ndi véi mang cam bién duoc trién khai trén mit
dat. Ngoai ra, cac UAV ¢6 thé hoat dong nhu cum nut chu
tam thoi cho céc cum nit ciia USN trén mit dat. Phan mang
trén mat dat cia FUSN 1a mang bao gdm nhiéu cam bién
c6 murc ti€u thu nang luong thap, c6 kha nang tu to chuec,
chung thudng duoc trién khai ¢ nhimng noi c6 dia hinh khé
tiép can. Viéc truyén dir liéu trén phan mang mat dat dugc
thuc hién bang cong nghé va giao thic nhu: ZigBee,
6LOWPAN, LoRa... Hodc 1a mang gom cac thiét bi di
dong, duoc két ndi thong qua cac giao thirc nhu Wi-Fi
(IEEE 802.11n, IEEE 802.11ac), 3G, LTE...

Nhu vy, c¢6 thé néi mang FUSN 1a su két hop ciia mang
FANET va mang USN. Mang FUSN bao goém hai thanh
phan 1a: phan mang bay va phan mang mat dét (hinh 2).

Phan mang bay
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Hinh 2. Kién triic ciia mang cam bién bay trién khai réng
dién hinh

Phan mang bay cia FUSN c6 thé su dung mot hodc
nhiéu UAV. Tuy thudc vao hinh dang ctia canh va cau tric
clia than méay bay, UAV c6 thé dugc phan loai 1a UAV ¢
canh cb dinh (hay UAV kiéu may bay: may bay, tau luon,
méy bay lugn); UAV canh quay (hay UAV kiéu tryc thing:
tryc thang, truc thing da canh quat, may bay tu 1én thiang).

UAV kiéu may bay c6 thé duoc st dung trong cac nhiém
vu trién khai ngiu nhién cac nat cam bién khong day trén
cac khu vuc vira va 16n, do c6 loi thé vé thoi gian bay, do
cao, toc do, kha nang mang trong tai (c6 thé mang theo mot
s6 lwong 16n cac nat cam bién) va kha nang lép dat nit cam
bién v6i do chinh xac gan ding. UAV loai tryc thing c6
thé duoc su dung trong nhiém vu trién khai cdc nat cam
bién khong day & cac khu vuc hep va trung binh, vi né cé
kha nang bay lo ling tai mét vi tri, cling nhu kha nang co
dong cao, rat hitu ich dé lip dat chinh xac cac nit cam bién
tai cac diém muc tiéu xac dinh.

Trong mang IoT, nit cdm bién 12 mot thiét bi co kha
nang giao tiép voi nhau, thu thap, luu trir, xir 1y va truyén
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dr liéu. Gateway (céng) 1a mot thiét bi trong IoT két néi
cac thiét bi v6i mang truyén thong, thuc hién giao tiép can
thiét gitra cac giao thirc dugc sir dung trong mang truyén
thong va giao thuc dugc st dung bdi cac thiét bi loT. Dich
vu cua mang IoT 1a mot tap hop cac chirc nang va kha nang
do nha cung cap danh cho ngudi dung.

Véi nhiém vu trién khai FSUN dé thu thap dit liéu, UAV
dugc trang bi thém cac gateway khong dong nhit dé thuc
hién. Co6 hai cach tiép can d6 la: cach tiép can danh cho
mang mit dat v6i cac nit cam bién va cach tiép can danh
cho mang mit dat véi cac thiét bi di dong.

UAV
Handover / 2 eI e (( ))
(";/; £0GE
PRO
Te\RSY
uav thgepl = ot W X
gafor o Tram géc
#P“ %
A8 V

~~_______-7  Phanmang mit dit

Hinh 3. Phuwong phdp tiép cdn mang mdt dat véi cac niit
cam bién
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Hinh 4. Phuwong phdp tiép cdn mang mdt dat véi thiét bi
di dong

Céch tiép can ddi v6i mang mat dat voi cac niit cam bién
duoc st dung khl UAV thu thap dit liéu tir mang mat dat &
Xa cac tram gdc va cung cap giao tiép v6i mang truyen
thong cong cong (hinh 3) Tuy nhién, trong cach tlep can
nay co thé gip nhirng van dé sau ddy. Dau tién, can phai
tinh to4n xem cic cong nghé va giao thirc truyén dan s&
dugc lya chon nhu thé nao, tily thudc thoi gian hoat dong
cua UAV. Thu hai, UAV sau khi thu thap di li€u sé€ quay
tre 1a1 tram gdc sac (d6i véi UAV dung pin) va chuyén dit
lidu vé mang truyén thong cong cong. Mot UAV méi dén
vi tri ciia n6 va tai thoi diém thay ddi cn phai tinh toan
chuyén giao (handover) [9]. Trong cach tiép cin nay, hau
hét cac UAV chi thu thap dit liéu nén thoi gian chuyén giao
khéng qua nghiém ngit, do d6 c6 thé sir dung céu trac
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mang nhu mang DTN (Delay Tolerant Networking) - mang
chiu tré [16].

Gia s tai mot trién 1dm cong nghé¢, co6 mot luong 16n
nguoi & mot khu vuce nhét dinh va moi nguoi déu co céc
thiét bi di dong nhu dién thoai thong minh, may tinh bang,
méy tinh xach tay... cAn truy cp Internet tc do cao. Dé
nang cao kha ning phuc vu tt ca cac thué bao khi ma cac
tram gdc gan d6 khong thé phuc vu hét, thi co thé st dung
cach tiép can cho mang di dong mat dét véi cac thiét bi di
dong trong d6 UAV duogc st dung nhu mot tram géc tam
thoi (hinh 4). Trong trudng hop nay, cac thué bao sir dung
mot lugng 16n luu lugng mang, do do, can phai tdi wu viee
cung cap chét lugng dich vu.

Nhu da luu y trude do, FUSN la mot trong nhiing dang
cia WSN, do dd, ching co thé duoc phan chia vé mat ciu
truc thanh cac mang ngang hang va phan cip (cum) Xet
rang FUSN bao gom hai phan mang (bay va mat dat) moi
phan mang c6 thé dugc biéu dién bang ca hai loai cau truc
Mang ngang hang 1a mang c6 kha ning tu hinh thanh cdu
tric mang moi nho kha nang tu to chie cta cac nut, cho
phép dam bao tinh toan ven clia mang trong trrong hop co
nat khong thé hoat dong. Mang ngang hang co cau tric
ludi. Tt ca cac nut cia mang nay déu gidng nhau vé kha
ning va chirc ning ciia chung, nhung can phai chon mot
nut trung tam c6 thé nhan, xir Iy tat ca dir lidu Va truyén vé
tram gdc dé xir Iy. Thong thuong mang phan cép dugc goi
la mang dugc chia thanh cac cum. Mdi cum c6 ndt dinh
tuyén hoat dong nhu nut chi va cac cam bién 1a nut thanh
vién.

D. Sit dung hé thong tUAV trong mang bay trién khai
rong

Hé théng UAV co day budc (tethered UAV — tUAV)
duoc thiét ké dé nang va giir 1au dai cc thiét bi vién thong
& do cao 1én dén 500 m [11]. Hé thong tUAV c6 thé hoat
dong lau dai ¢ trén khong nho duge dam bao bang ngudn
nang lugng dién duogc truyén tr mat dat téi mo-dun bay
th6ng qua cap duorng kinh nho dé cung cip ning lugng cho
he thdng day va thiét bi trén UAV. Do d6, hé thong tUAV
nam ¢ gitra cac hé thong vé tinh va hé théng tram mat dat
(vi du nhu: tram cellular di dong, tram chuyen tlep vO
tuyén, thiét biradar...). So vdi cac hé théng vé tinh dat tién,
cac hé thong tUAV c6 hiéu qua kinh té cao, trong khi cac
hé thong vién thong trén mat dat khong thé bao phu dugc.

Céu triic ctia hé thong tUAV bao gdm céc thanh phan
chinh sau day (Hinh 5):

1) Mot UAV nhiéu canh quat c6 kha ning chuyén ché
16n va thoi gian hoat dong dai, dugc thiét ké dé bay 1én dén
500 m va giir thiét bi vién thong, thiét bi giam sét video...

2) Hé théng truyén tai ning luong cong suét 16n cung
cap ning lugng cho cic hé théng day ciia mo-dun bay
khong ngudi l4i nhidu canh quat va cac thiét bi phu tai di
kem.

3) Hé théng diéu khién va kiém soat on dinh cho hé
thdng tUAV, bao gdbm mot hé thdng dan duong cuc bd phu
v6i cac beacon vo tuyén mat dét, giup ting do dinh vi chinh
xac va kha ning chdng nhiéu trong truong hop khong co
tin hiéu tir hé théng dinh vi vé tinh.

4) Thiét bi dugc gin trén mo-dun bay bao gdm: Tram di
dong ciia mang di dong thé hé thir tuw (LTE); thiét bi tiép
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song ra da va vo tuyén dién; thiét bi giam sat video va giam
sat moi trudong.

5) Cap c6 I6p boc poly (paraphenylene
terephthalamlde) bao gdm cac day dong co tiét dién nho
(0,5 mm?) dé truyén tin hiéu dién ap cao (1én dén 2000 V),
tan s cao (1én dén 200 kHz) va cap quang dé truyén thong
tin k¥ thuat s6 v6i toe do 1én dén 10 Gbit/s.

6) T6 hop diéu khién mat dit, bao gdom bo chuyén doi
dién ap 380/2000 V, h¢ thong chan doan cac thong sb cho
h¢ thong tUAV va h¢ thdng didu chinh théng minh véi bo
vi xir Iy dé kiém soat do cang cua cap trong qua trinh ning,
ha va tai gi6. Trong truong hop di dong, trung tam dicu
khién mat dat dugc dat trén mot hé thong di dong, trén do
¢6 1ap dat may phat dién, cong sut du ra cia n6 khong
nho hon 20 kW.

Kha nang nang phan cing vién thong va cac tai trong
khéc 1én d6 cao 1én dén 500 m va hoat dong lau dai cia hé
thong tUAV mé ra nhiu kha nang tng dung thyc té cua
céc hé thdng robot loai nay. Cac nén tang khong nguoi lai
& do cao két ndi cung cép giai phap cho nhirng thach thirc
Sau:

- trién khai nhanh chong co so ha ting vién thong hién
dai trén mot lanh thd rong 16n trong diéu kién khan cip khi
cac phuong tién thong tin lién lac bi phd huy (tram phat
song LTE duoc lap dat trén tUAV trong trudng hop nay);

Jwijer
Hinh 5. Cdu triic ciia hé thong tUAV

- Trién khai két ndi khong day toc do cao trén khoang
céch xa trong khoang tam nhin thdy dugc (cac thiét bi phat
hodc thiét bi chuyén tiép vo tuyén duoc lap trén tUAV);

- thye hién cac chtre ning diéu khién va giam sat cua mot
nhém UAV, ciing nhu diéu phdi cong viéc ciia FUSN nhu
thuc hién duy tri lién lac va truyén di lidu;

- thyc hién cac chic nang giém sat moi truong, kiém soat
chay rung, glam sat cac su kién...

- diéu khién o bot di dong khong nguoi 1i trén mat dat
trong cac hoat dong tim kiém va ctru nan, ddng thoi dam
bao hoat dong ctia cac UAV khac...;

- phét hién cac chuyén bay trai phép ciia UAV dé dam
bao an toan cho cac VIP.

lll. UNG DUNG MANG CAM BIEN BAY TRIEN
KHAI RONG VAO NHIEM VU CU'U HO KHAN CAP
TRONG TRUONG HQP THIEN TAI

Trong nhing nim gan day, sy thay d6i khi hau toan cau
d3 dan dén sy gia tang sb luong va quy mo cua thién tai
nhu dong dat, chay rimg, séng than... & nhiéu qudc gia khac
nhau trén thé gidi cling nhu tai Viét Nam, gy ra thiét hai
16n vé ngudi va cia. Sau cac tham hoa tu nhién nay, co s&
ha ting vién thong s& bi pha hily mot phin hodc hoan toan.
Do d6, dé thuc hién duoc cong tac ciru ho can trién khai
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mdt mang lién lac tam thoi trong diéu kién co s& vat chat
mang truyén thong da bi pha hity. Thuec té da cho thay, cang
nhanh chéng trién khai mang lién lac tam thoi nay thi viée
giam thiéu hau qua cling nhu ctru ngudi bi nan cang tré nén
hiéu qua. Hon nita, bang cach sir dung mang cam bién bay
trién khai nhanh trong cong tac tim kiém ctru ho s& giai
quyét dugc cac van dé nhu: thu thap thong tin vé tinh trang
cta khu vuc sau thién tai gitip d6i ctru hd danh gia tinh hinh
thuc dia trudce khi trién khai ctru ho, tao mang lién lac tam
thoi dé cong tac ciru ho c6 thé nhanh chong trién khai, gitip
dd tim kiém xac dinh vi tri cua nguoi bi nan mdt cach
nhanh nhit. Bai bao nay tap trung vao bai toan thu thap
thong tin vé tinh trang ctia khu vuc sau thién tai tir cac nut
cam bién sau khi chung da duogc trién khai trén mat dat.

A. Mang cam bién bay c6 thé trién khai nhanh

Hién tai, cac hé théng thong tin lién lac khin cép dugc
sir dung trong cac tham hoa thién nhién déu dua trén lién
lac vé tinh, vi du, Iridium, Globalstar, Gonets... Tuy nhién,
trong bdi canh chuyén ddi sang mang truyén thong thé hé
thir nim 5G/IMT-2020, c6 mot sb cong nghé c6 thé dong
vai trd quan trong trong viéc hd trg cac dich vu khén cfip
c6 thé ké dén nhu cong nghé dugc sir dung dé t6 chtrc mang
WSN, céc cong nghe truy cap bang thong rdng va cac cong
nghé cho cac mang tam xa tiét kiém nang luong...

Trong cong tac tim kiém ciru nan nhiém vu wu tién hang
dau do 1a trién khai duong truyén khong day gitra cac doi
clru trg cling nhu viée trg gitp lién lac dugc voi ca nan
nhan. Viéc trién khai mang nay can duogc thyc hién trong
thoi gian tinh bang phat. Dé giai quyét van dé nay, khai
niém mang cam bién bay c6 thé trién khai nhanh chong cho
cac viéc clru trg khan céip da duoc dé xuét [12, 13]. Co rat
nhiéu nghién ctru vé mang nay da duoc xem xét trong mot
loat cac bai bao danh cho mang FUSN [6, 8, 12-14].

Theo khai niém dugc dé xuit, 13 rang la dé cac UAV
tuong tac v6i nhau nhiam dam bao pham vi lién lac tdi da
trong khu vuc bi thién tai pha hity, cdn phai t6 chirc mot
mang bay c6 céu tric lién két (Mang ludi - MESH). Trong
mang MESH, mdi UAV sé& 1a mot gateway khong déng
nhit di dong [15] Theo dinh nghia, gateway khong dong
nhit 12 mot thiét bi mang hodc mot hé thdng chuyén tiép
dugc thiét ké dé dam bao sy twong tac ciia hai mang thong
tin c6 cac dac tinh khac nhau, st dung céc bd giao thic
khac nhau va hd trg cac cong nghé truyén dir liéu khac
nhau. Gateway nhu vdy c6 thé hd trg nhidu cong nghé
truyén dir ligu khac nhau nhu ZigBee, BLE, 6LoWPAN,
LoRa, NB-I0T... N6 hoat dong nhu phan tir lién két giira
cac thiét bi va mang truyén théng cong cong.

Hién nay mang Wi-Fi 1 mot cong nghé rat phd bién va
duoc trang bi trén hau hét cac thiét bi cAm tay. Do vay,
UAV duoc trang bi thiét bi cho phép xir 1y dir liéu tir/dén
thiét bi ctia nguoi dung cta mang c6 hd trg cong nghé Wi-
Fi (vi du: IEEE 802.11n/ac) thanh dit liéu dwoc truyén gitra
cac UAV (vi du: IEEE 802.11s, IEEE 802.11p). Tur d9, c6
thé thiét 1ap lién lac giira cac thiét bi trong mdt mang.

Mot giao thic MAC méi dua trén giao thuc
IEEE 802.11p va IEEE 1609.4 dé lién lac gitra cac UAV,
cling nhu gitta cac nhom UAV dé duoc ching ti dé xuat
trong bai béo [13], duoc goi 1a IEEE 802.11p st dung co
ché CMMpP. Nho c6 giao thire méi nay ma cac UAV ¢o
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kha ning giao tiép v6i nhau va hoat dong thanh cac nhom.
Do 14 nén tang cho viée giai quyét cac bai toan khac vi du
nhu tim kiém vi tri cua ngudi bi nan st dung mang cam
bién bay trién khai nhanh, trong d6 sir dung tin hiéu séng
Wi-Fi dé xac dinh vi tri nan nhan sau thién tai, dugc chung
t6i dé xudt trong bai bao [16] hay str dung mang cam bién
bay trién khai nhanh dé phu séng Wi-Fi toan bo khu vuc
chiu anh huong thién tai gitip cho viéc thyc hién cude goi
VoWi-Fi (Voice over Wi-Fi) trong mang nay la kha thi,
duogc chung toi gidi thiéu trong bai bao [12]. Pay la cac
tmg dung, hoat dong can thiét phai trién khai nham khac
phuc hau qua cta thién tai, tuy nhién cong viéc dau tién can
phai thuc hién sau khi xdy ra thién tai d6 la danh gia hau
qué cua thién tai gay ra.

B. Sir dung mang cam bién bay cé thé trién khai nhanh
thu thép dit liéu tir phdn mang mat dat

Sau khi thién tai xdy ra, do phan 16n co s& ha tang vién
thong da bi pha huy nen viéc danh gia hau qua va quy mo
tan pha 1a cong viée cap thiét. Bé lam duogc diéu nay, can
phai thu thap dit liéu tir cac nit cam bién dugc trién khai
trong khu vuc chiu hau qua thién tai. Thuc té 1a cac niit cam
bién co thé giao tiép bang cac cong nghé khac nhau, do d6
¢6 thé str dung gateway di dong khong ddng nhét dé thu
thap dir liéu. Gateway nay dugc gan vao UAV sé& cho phép
thu thap dir lidu tir cac nut cam bién va truyén ching dén
mang truyén thong cong cong. Trong qua trinh nghién ctru
chung t6i thdy rang viéc sir dung hé thong tUAV 1am tram
gbc di dong, giup tang tinh linh hoat ctia mang cam bién
bay trién khai nhanh ciing nhu gitp cho viée truyén dir liéu
tir cac UAV vé tram gdc ciing hiéu qua hon khi nd truyén
theo duong thang (khong chiu anh huéng cua dia hinh, vat
can trén dudng truyén). Hinh 6 mé ta kién tric cia td chirc
mang cam bién bay c6 thé trién khai nhanh, trong d6 mot
hodc nhiéu UAV dugc su dung trén phan mang bay va hé
thdng tUAV dugc sir dung 1am tram gde di dong (tram gbe
di dong nay c6 kha niang két ndi voi mang cong cong). Nhu
trong hinh, giao tiép gitra cac UAV c6 thé dugc thyc hién
dua trén cong nghé IEEE 802.11p sir dung co ché CMMpP.
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Phan mang mat dat
Hinh 6. Kién triic ciia té chite mang cam bién bay cé thé
trién khai nhanh

UAV c¢6 hai loai: UAV kiéu truc thang va UAV kiéu
may bay. Bai bao lya chon UAV kiéu mdy bay, vi chiing
¢6 thoi gian bay, toc dd cao va mang trong tai 16n. Gateway
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khong ddng nhét s& hd tro cong nghé 6LoWPAN va LoRa.
Cong nghé LoRa [10, 25] 1a tu viét tit ciia cum tir long-
range. Day 1 cong nghé duoc diéu ché tin s6 vo tuyén
danh cho mang dién rong & cong suat thap (LPWAN)
Cong nghe Lora c6 dic diém 1a yeu cau dién ning cuc thip,
do d6 thiét bi sir dung LoRa c6 thé thoi lugng pin hoat dong
1én t6i 10 nam, dong thoi cong nghé nay cho phép truyén
dir liéu mang IoT véi khoang cach rat xa 1én dén 10 km.
LoRa sir dung nén tang 13 k¥ thuat diéu ché Chirp Spread
Spectrum (CSS — 1a k¥ thuét sir dung cac xung chirp dé ma
hoa cac thong tin) gitp tin hiéu cong nghé LoRa c6 thé
truyén duoc di xa véi cong sudt thap va du ca tin hiéu
khong manh bang tin hié¢u nhidu bén ngoai méi truong.
LoRa hoat dong trén cac giai tan mién phi, vi du: 868 MHz
cho Chéau Au; 915 MHz cho Bic My; 433 MHz cho chau
A

Bai bao tap trung dénh gia cach t6 chic ciia phan mang
mit dét cua mang FUSN sao cho ¢6 hi¢u qua cao nhét cho
nén dé don gian phan mang bay sir dung mot UAV thu thap
dir lidu va truyén tryc tiép vé tram géc di dong (su dung h¢
thong tUAV). dong th(n gia dinh ring UAV va cic nat cam
bién, céc nut dinh tuyén trong mang lu6n hoat dong binh
thudng.

Tu do, bai bao xem xét hai model:

- Mang ngang hang — model A (hinh 7): tét ca cac nut
cam bién 1a gidng nhau, UAV khi bay vao ving hoat dong
clia cac nut cam bién s& giri cac ban tin quang ba dé chuyén
cac nut cam bién tir ché do “ngu” sang ché do hoat dong.
Sau d6, cac nut cam bién bat dau guri dir liéu dén nut didu
phéi mang 1a UAV.

- Mang phén cip — model B (hinh 8): mang mat dit dwoc
t6 chte 1a mot mang phan cép, bao gdm cac nut cam bién
va cac nat dinh tuyén. Cac nit cam bién giri dit liéu dén cac
nat dinh tuyén, nut dinh tuyén nay s& tng hop chung lai va
sau d6 gui chiing dén nut diéu phéi 1a UAV.

Sau khi thu thap dit liéu trong mot gateway khong dong
nhét, tién xur 1y va dong goi dir liéu duoc thuc hién dé giri
vé tram gdc bang cach st dung cong nghé LoRa. Viéc
tmyén c6 thé khong dugc thuc hién trong thoi gian thyc,
do d6 phan mang nay dugc coi la DTN.

Céac mé hinh mang bay xem xét di dugc phat trién va
thuc hién cic mo phong trén may tinh. Dé giai quyét van
dé thu thap dir li¢u, chiing t6i xem viéc UAV nhén dit li¢u
nhu 13 mot hé théng hang doi [8].

LoR? %‘

’ L}

Tram géc di déng

P Nitcam bién

Phan mang mit dat

Hinh 7. UAV thu thdp d# liéu tor mé hinh magng ngang
hang
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Hinh 9 - Biéu dién viing trao doi dir liéu (di)

Toa d6 cua céc nat cam bién 1a khong xac dinh, do do,
¢6 thé coi dau vao cuia hé théng hang doi 1a mot ludng cac
yéu cau ngiu nhién, cac thudc tinh cua ludng nay duge xac
dinh bai cac thude tinh ciia mang cam bién, ban kinh hoat
dong ciia UAV va tdc d6 di chuyén cua no.

Gia thiét raing UAV di chuyén theo duong thang véi téc
d6 khong dbi (v), ban kinh hoat dong cua UAV (R) -
pham vi hoat dong cua cong nghé truyén 6LoWPAN va sb
luong ludng cac yeu cau tir mang cam bién bi giéi han. S6
lwong cac yéu ciu tir mang cam bién ma UAV c¢6 thé nhan
dugc phy thude vao thoi gian trao ddi dir lidu, duge tinh
theo cong thire (1):

4 M

S

v

— thoi gian trao d6i dir liéu caa mot nat véi UAV (s);

d (d < 2R) — pham vi hoat dong: khoang cdch ma UAV
c6 thé nhan dit liéu tir mot nat (m);
v — tdc do bay caa UAV (m/s).

Dé tinh toan thoi gian trao ddi dir liéu khi biét van tbc
UAV, can tinh dugc khoang cach d. Khoang cach nay c6
thé tinh bang phuong phap circle line picking [17] (hinh 9).

Ham mat d6 x4c suat ciia vong tron don vi duoc tinh theo
cong thuce (2):

pol 1 @
T

s 2
2
2

s — khoang céch giira hai diém bat ki trong duong tron.

Ham phan phéi cia vong tron don vi dugc tinh trong
cbng thuc (3):
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3
=jPS-ds:2-arcsin(sj+c, )
V4 2

c = const
Dé tinh ham phan phéi nghich cia duong tron don vi,
ching ta tim khoang cach d, dwoc tinh theo cng thic (4):

d=2R-(72r~F(s)j, @)

R — ban kinh hoat dong cua UAV.

Hai kich ban dugc xem xét:

Trong kich ban dau tién (model A), gia st rang UAV di
chuyén theo duong thiang véi tdc do khong d6i & do cao
100 m va thu thap dir liéu tir cac niit cam bién. Tat ca cac
nat cam bién ban dau ¢ ché d6 “ngu” va chi bt dau giri dit
liéu dén UAV khi chung nhan dugc tin nhén Multicast tir
UAV.

Kich ban thtr hai (model B) gia dinh rang tit ca cc nut
cam bién trén phan mang mat dat da gui dir lidu dén cac
nit dinh tuyén gan ching. UAV di chuyén theo duong
théng véi toe do khong dbi & dd cao 100 m. Ban dau, tit ca
cac bo dinh tuyén déu ¢ ché do “ngu” va chi bat dau gui dir
liéu dén UAV khi chung nhan dugc tin nhén Multicast tir
UAV.

UAYV c¢6 pham vi nhan dir li¢u han ché, do d6, néu cac
nat nam ngoai khu vuc nhén dir liéu (ndi cach khac, thoi
gian truyén tir nat dén UAV lau hon thoi gian nhéan dir liéu
(t > t5), khi d6 dir liéu s& bi mat). Gateway c6 thé duoc xem
nhu 13 hé thdng hang doi c6 mat mat. Bo nhd dém trén
gateway duoc coi 1a khong giéi han. Gia sir raing UAV di
chuyén véi cac toc do khac nhau: 10, 20, 40 va 60 km/h;
khoang thoi gian truyén goi tin Multicast 1a: 2s va 5s; ban
kinh nhan goéi tin UAV, R = 10, 25, 50 m; s6 lugng goi tin
dau vao 450; kich thudc g6i tin cia 6LoWPAN: 1024 bit;
kich thude goi tin cia LoRa: 720 bit; Tbe do truyén dir liéu
cia 6LOWPAN: 250 kbit/s; Toc do truyén dir liéu cua
LoRa: 50 kbit/s. Do str dung hé théng tUAV 1am tram gbc
nén viéc truyén dit lidu theo dudng thing tir UAV co thé
b6 qua mat mat dir liéu. Két qua nghién ctru cho thdy khi
UAV di chuyén & cac téc do khac nhau va ban kinh hoat
ddng cta cac nat cam bién (R) 1a: 50m, 25m va 10m thi ty
1¢ géi tin nhan dugc trén UAV dbi v6i model B 16n hon ddi
vai model A (hinh 10).

UAV (km/h)

Vin téc ciza UAV (km/h) Van tée ciia

~=x~-model A (25)
#— model A (55)
model B (2s)

model B (5s)

(R =10} [%)

Ti I& nhan goi tin ciia UAV

60
Van téc ciia UAV (km/h)

Hinh 10. So sdnh s6 luong goi tin nhdn dwoc trén UAV
khi R =50m, 25m, 10m
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Do d0, c6 thé két luan rang viéc sir dung mo hinh phan
cép, khi nut dinh tuyén dugc sir dung dé thu thap dir liéu tir
cac nut cam bién, 14 t6t hon so véi mo hinh ngang hang,
khi mdi nut guri dir lidu dén mot gateway khong dong nhat
(nut didu phdi). Ngoai ra, khi tbe d6 bay cua UAV tang 1én
6 lan tir 10km/h dén 60 km/h, thi sé lwong géi tin nhan
dugc s& giam. Model B s& ¢6 s lugng goi tin giam nhiéu
hon so véi model A. Trong model B khi géi tin Multicast
gui sau 5s thi sb lwong tin nhan dugc giam rat nhanh so véi
khi géi tin gui sau 2s. Con model A thi khong c6 su chénh
léch nhiéu gitra 2 truong hop. Diéu nay 14 do thoi gian phuc
vu cla cac niit cam bién hodc niit dinh tuyén giam khi van
toc UAV ting va model B nhan dugc nhiéu goi tin hon nén
s& bi anh huong nhiéu hon khi thay doi ban kinh hoat dong
UAYV, vi theo logic ciia md hinh, cac nlit cam bién chi gui
dir liu dén UAV khi chung nhan dugc cac tin nhin
Multicast trudc do.

Hinh 11 cho thiy két qua so sanh s lugng géi tin nhan
duoc trén UAV cua cic model theo ban kinh khac nhau.
Tir hinh v& ¢6 thé thay rang néu ban kinh hoat dong cua
UAV ting 1én, thi sb luong géi tin nhan duoc ciing ting
I&n. Su chénh léch nhét gitra gbi tin nhan duogc gitra cac ban
kinh khac nhau 13 cia model B cu thé 1a khi géi tin
Multicast giri di véi chu ky 5s. D6i voi model A thi ti 16
chénh léch khong dang ké cho ca hai truong hop. Nhu vy,
chu ky gui tin cang ngan thi kha nang thu thap goi tin cang
tang, nguyén nhan co thé thay 1a do logic hoat dong clia mo
hinh trong thoi gian hoat dong gidi han cua UAV la nhu
nhau cho céc trudng hop ti 16 nhan tin nhin & model A 1a
kha thap nén s& khong thiy duoc sy chénh léch nhu &
model B, tuy nhién khi ban kinh tang thi ti 1¢ nhan tin nhin
cling ting trong ca hai model.
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Hinh 11. So sanh sé lwong goi tin nhan dwoc trén UAV
cuia cdac moé hinh mang theo ban kinh khac nhau

IV. KET LUAN

Bai b4o nghién ciru mot mang méi - mang cam bién bay
trién khai rong (FUSN) 1a mot tmg dung cua mang IoT
cling nhu mang WSN. Bai bao d phan tich nguyén tic to
chure cua mang WSN, mang USN, mang FANET day la cac
tién dé quan trong cho sy xuét hién cua mang FUSN. Bai
béo dé xuit cac phuong phap xay dung va to chirc hoat
dong cia mang FUSN, léy vi du ung dung vao trudng hop
tim kiém ctru nan trong khu vyc chiu thién tai. Két qua cla
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nghién ctru cho thiy: hé théng UAYV c6 day bugc giup tang
thoi gian hoat dong cua mang FUSN tur do tang hi€u qua
hoat dong; mang cam bién c6 thé trién khai nhanh gitp ting
hiéu qua ctia nhiém vu tim kiém ctru nan trong truong hop
khan cép; kha ning thu thap dir liéu ctia mang cam bién
bay trién khai nhanh str dung hé thong tUAV lam tram gdc
phu thudc nhiéu vao vén tdc, ban kinh hoat dong cia UAV
va s& hiéu qua néu phan mang mat dat sir dung cau tric
mang phan cdp va chu ky goi tin Multicast dugc gui.
Huéng nghién ctru tiép theo xem xét cac van dé bao mat
trong mang FUSN d¢ dam bao viéc thu thap va truyén dir
li¢u trong mang.
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METHODS FOR CONSTRUCTION AND
FUNCTIONING OF A FLYING SENSOR
UBIQUITOUS NETWORK

Abstract— Nowadays, new networks for loT are
attracting a great deal of attention from researchers, one of
which is the FUSN (Flying Ubiquitous Sensor Network)
using Unmanned Aerial Vehicles (UAVs). FUSN is a
combination of Ubiquitous Sensor Networks (USN) and
Flying Ad-hoc networks (FANET) to collect, process, and
transmit data to the base station. The FUSN network is
increasingly being used for civil purposes and especially in
emergency search and rescue. The first priority work in the
search and rescue mission after a disaster is to assess its
consequences. To achieve this aim, the paper presents
methods for building and functioning the FUSN to improve
the efficiency of data collection and transmission.
Specifically, a fast deployment of flying sensor network is
proposed for search and rescue missions in disaster areas
by using UAVs equipped with heterogeneous gateways
capable of communicating with each other and using a
tethered UAV system as a mobile base station.
Simultaneously, a simulation is carried on and its results
prove that the deployment of the hierarchical network
model on a terrestrial segment of the fast deployment of
flying sensor network helps the data collection process of
the UAV to be more efficient than peer-to-peer network
model.

Keywords—FANET, FUSN, UAV, tethered UAV
system, search and rescue
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