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(57) Sang ché @ xuit phuong phap xiy dung mo hinh phd Doppler cho kénh thong tin
thily &m vung nudc ndng, va mo hinh todn hoc mo ta phé cong suit Doppler trong kénh
théng tin thily 4m ving nudc nong. Mo hinh phé Doppler dé xuét cho kénh thiy 4m 12
téng cla hai thanh phin Gaussian va Spike. Trong d6, thanh phin Gaussian mo ta cac
dich tdn Doppler do sy nhiéu dong mit nudc giy ra, con thanh phén Spike mé ta cac
dich tAn Doppler do su chuyén dong tuong di ciia may thu phat gy ra. Pé xac nhan
tinh dung din cia mé hinh phd Doppler dé xuét, sang ché da so sanh mo hinh dé xut
vaoi dir li€u do dac phé Doppler thuc té tai vinh Ha Long, Quang Ninh, Viét Nam vao
ngay 9 thang 6 nim 2015. Cu thé, c4c thong s6 ciia m6 hinh d& xuét s& dugc x4c dinh tir
dit lidu do bing thuat toan tdi vu LpNM. Két qua so sanh cho thdy, mé hinh dé xuét phu
hop vai dit liéu do. No6i cach khic, mo hinh phd Doppler dé xudt md ta chinh x4c hiéu
tmg Doppler trong kénh thong tin thuy am.
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Linh vuc k§ thuat dwoc dé cap

Sang ché dé cap dén phuong phap xdy dung md hinh pho cong suat Doppler cho
kénh truyén thong tin thity Am ving nudc ndng. Mo hinh d& xuét nay c6 thé duoc tmg
dung hiéu qua trong viéc x4y dung cac bd mo6 phong kénh truyén thity 4m cling nhu viéc
khao sat, phéan tich va danh gia trong qué trinh thiét ké hé théng thong tin thiy am.
Tinh trang ky thuit ciia sang ché

Trong nhiéu nim qua, thong tin thuy 4m da va dang c6 rAt nhidu ing dung quan
trong trén nhiéu linh vuc nhu dia 1y, kinh té, quan su qudc phong, v.v.. Tuy nhién, dac
tinh truyén séng 4m trong mdi trudong dudi nudce rat phirc tap nhu d9 suy hao cao phu
thudc vao tan sd tin hidu, hiéu tng Doppler manh, su phan tép thoi gian, hiu ing da
dudng, nhiéu mau phu thudc tan sb v.v.. Do do, rat nhiéu thach thic dit ra trong viéc
phat trién théng tin thiiy 4m trong twong lai.

Tuong ty nhu cac hé théng thong tin khéc, @8 tao co s& cho viéc thiét ké va phan
tich hiéu nang hé théng thong tin thity &m, cac ddc tinh ctia kénh thity &m nhu cac ham
twong quan, ham phd cong sudt Doppler, ham cong suit tré cta kénh (Power delay
profiles — PDPs) can dugc xac dinh va phén tich.

Trong thuc té, ¢6 rat nhidu nghién ctru x4c dinh ham cong suét tré cia kénh (PDP)
da dugc thuc hién. Trong khi d6, mdc du tAm quan trong cua phd cong sudt Doppler
trong thiét ké va phan tich cling nhu cai thién chit lugng hé thong thong tin thiy am rat
16n, nhung cac nghién ciru vé& mé hinh héa phd Doppler trong thong tin thily am van con
At it (ngudn: Stretched-exponential Doppler spectra in underwater acoustic
communication channels, P. van Walree va cdng su, The Journal of the Acoustical
Society of America, 2010).

Trong hé thdng thong tin thily 4m, hiéu mg Doppler xay ra rat dang ké do mét sb
nguyén nhan nhu vin tbc song thiy Am thip, su nhiéu dong cta mat bién din dén tin s6
Doppler dang ké so v6i tAn sb song mang. Hai nguyén nhan chinh géy ra dich tin
Doppler trong thong tin thity 4m 1a sy dich chuyén tuong d6i gitra may thu va may phat,
sy nhidu dong cua bé mit nudce [ngudn: Evaluation of frequency offset and Doppler
effect in terrestrial RF and in underwater acoustic OFDM systems, S. Ahmed and H.
Arslan, IEEE Military Communications Conference, Nov. 2008]

Mic du dich tin Doppler do nhiéu dong cua bé mit nude 1a nhé hon so véi su dich
chuyén twong d6i ctia mdy thu phat, tuy nhién né c6 su bién dbi nhanh theo thoi gian va
kho nhan dang trong phd Doppler do dugc [ngudn: 4 discrete-time channel simulator

driven by measured scattering functions, P. Van Walree va cac cong su, IEEE J ournal
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on Selected Areas in Communications, 2008]. Do do, rt cAn thiét phai xét hiéu tng
Doppler ca tir hai nguyén nhén trén.

Thuec té, hiéu tng Doppler do su nhiéu dong clia mit nude da duge nghién ciru tir
rit s6m [ngudn: Asymptotic frequency spread in surface- scatter channels at large
Rayleigh numbers, J. McDonald and P. Schultheiss, the Journal of the Acoustical
Society of America,1975 ]. Trong céc nghién ctru nay, phé Doppler dugc phén tich va
danh gia dua trén cac tham s6 hinh hoc cia mit nuéc, tuy nhién cac tham sd nay rét
phtec tap v thay d6i nhanh, rét khé x4c dinh chinh x4c trong diéu kién méi trudng nudce
nong. Do d6 vi€c tinh toan phd Doppler dua trén céc thong s& nay rat kho thé hién chinh
x4c su bién thién theo thdi gian cia moi trudong nude ndng. Hon nita, cdc nghién ciru
nay cling chua két hop nghién ctru hiéu tng Doppler tir ca hai nguyén nhén néi trén.

Béang sang ché qubc té s6 hitu W0O2013066940A2, “Channel simulator and
method for acoustic communication”, cong bb ngay 10 thang 5 ndm 2013, da x4y dung
bd md phong kénh séng 4m dudi nudce sit dung mo hinh song b& mit vdi cac thong sd
clia mit nude dé tao ra phé ctia bé mit. M6 hinh mit nuée bién dong theo thoi gian dugc
tao ra bang cach sir dung mot md hinh Monterey-Miami PE model (MMPE) két hop véi
mot mo hinh tuyén tinh ctia mit nudc. Tuy nhién, chua md hinh héa duoc dang phé
Doppler ciia bé mit, ddng thoi khong két hop nghién ctru v6i thanh phan ph6 Doppler
do sy dich chuyén ctia may thu/phét gay ra.

Béng sang ché My s6 hiéu US 7844006 B2, “Method of non-uniform Doppler
compensation for wideband orthogonal frequency division multiplexed signals”, cong
b6 ngay 30.11.2010, d& dua ra thuét toan ba Doppler khong ddng déu cho mdi song
mang con cua hé théng thong tin thily 4m dung k¥ thuét didu ché da song mang truc
giao OFDM. Trong do, dich tan Doppler dugc mo ta thay dbi theo thoi gian chuyén
dong. Tuy nhién, hé s6 thay di nay chwa dugc phan tich theo céac yéu t6 dich chuyén
mit nudce cling nhu sy dich chuyén ctia may thu phat.

Trong rat nhiéu cac nghién ctru hién nay, phd Doppler trong kénh thity am dugc
xem xét khi c6 sy chuyén dong tuong ddi gitta may thu va may phat. Mot sd nghién ctru
gia dinh dang phd Doppler theo phan b Jake, phan bd ddng déu, hoic phan b6 hai
duong [ngudn: Effect of Doppler spread in OFDM based UWB systems, 1. R. Capoglu
va cic cong su, IEEE Transaction Wireless Communications, Sep. 2005]. Ngoai ra, hau
hét cac nghién ctru con lai déu tinh toan phd Doppler tir tin higu thu dugc tir viéc do dac
kénh thiy 4m théng qua ham twong quan thoi gian (ACF) tir gia thiét kénh dimg, tir ham
tan xa, hodac mot s6 k¥ thuat khac. Tuy nhién, cdc nghién ctru chua dua ra mot dang phé
Doppler téng quét cho kénh thily 4m phan énh cac yéu t6 tir sy chuyén dong tuwong dbi
ctia may thu phat ciing nhu sw nhiéu dong ctia mit nudec.

Trong thuc té, hién tuong Doppler xay ra khong don 1é do mdt trong hai yéu t6
trén ma ludn do hai yéu t§ ddng thoi tic dong. Ban dang ky sang ché nay dua ra mot md
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hinh toan hoc mé ta tdng quat phd Doppler cho kénh thuy 4m tir ca hai yéu t6 gay ra
dich tn Doppler gbm su dich chuyén twong dbi gitta may thu phét va sy nhidu dong bé
mat moi trudng nude.

Ban chit ky thuit ciia sang ché

Ban chét k§ thuat cia séng ché 13 d& xuAt mdt md hinh toan hoc md ta phd cong
suét Doppler trén co s& phan tich céc dich tin Doppler giy ra bdi su nhidu dong bé mit
méi truong va sy chuyén dong twong dbi gitra m4y phat va mdy thu. M hinh dé xuét
mé6 ta phd Doppler cho kénh thity 4m Ia sy két hop tuyén tinh cia hai thanh phan: pho
dang Spike (Spike-Shape) va phé dang Gaussian (Gaussian-Shape). Cu thé, phd Spike-
Shape md ta cac thanh phan dich tan Doppler gay ra boi chuyén dong twong dbi giira
may thu va may phat, con phé Gaussian-Shape md ta cc thanh phén dich tan Doppler
gay ra bai s nhidu dong clia mat nudc.

Tinh déng dan cia md hinh dé xuét sé duoc kiém ching thong qua viée g dung
mb hinh ndy d& mé ta phd Doppler tir céc dit liéu do dac thuc nghiém ctia kénh thily &m
nuée nong tai vinh Ha Long, Viét Nam. Dit liu do dac dugc thu trong ba kich ban khac
nhau nham x4c dinh dinh tinh ding d4n ctia md hinh dé xuit mét cach toan dién.

M5 ta vén tit cac hinh vé

Céc hinh vé& duéi diy nham muc dich minh hoa cho sang ché:

Hinh 1 13 hinh v& m6 hinh hinh hoc cho kénh thiy 4m ving nu6c ndng.

Hinh 2 minh hoa so db lién két cac thiét bi trong hé thng do, thu thap dir lidu.

Hinh 3 minh hoa c4c kich ban do phd Doppler trong kénh thily 4m.

Hinh 4 minh hoa céc budc xac dinh tham sb ciia md hinh phd Doppler dé xuét.

Hinh 5 so sanh md hinh phd Doppler dé xuét va phd Doppler do dugc theo kich
ban do 1, khi may thu chuyén dong ra xa may phat.

Hinh 6 so sanh mé hinh phd Doppler dé xuét va phd Doppler do dugc theo kich
ban do 2, khi may thu chuyén dong lai gin may phat.

MO ta chi tiét phwong 4n thwe hién sing ché

Sang ché dé xuit mot mo hinh todn hoc mo ta phd cong suit Doppler trong kénh
thong tin thity 4&m vung nudc noéng. Co sé ly thuyét hiéu tmg Doppler trong kénh thong
tin thily 4m dwge phan tich dung md hinh hinh hoc. Dich tan Doppler cho mdi kénh
truyén séng da do cé hai yéu 12 sy nhiéu dong ctia mat nudc va sy chuyén dong ctia may
thu s& dugc tinh toan ding mo hinh hinh hoc. Trén co s¢ ddc tinh kénh truyén thily 4m
vung nudc ndng, thanh phén phé Doppler do mdi nguyén nhan trén s& dugc mo6 hinh
hoa. T d6, & xuit moé hinh phd Doppler tbng quat cho kénh thity 4m 12 tbng cia hai
thanh phin Gaussian va Spike. Trong d6, thanh phin Gaussian md ta cac dich tan

3
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Doppler do sy nhi€u dong mat nude gy ra, con thanh phan Spike md ta cc dich tan
Doppler do su chuyén dong tuong d6i ctia may thu phét gy ra. Pé x4c nhan tinh ding
din ctia mo hinh phd Doppler dé xuét, sang ché s& so sanh md hinh d& xuét véi dit liéu
do dac phd Doppler thuc té tai vinh Ha Long, Quang Ninh, Viét Nam vao ngay 9 thang
6 ndm 2015. Cu thé, céc thong sb cia mo hinh d& xuét s& dugc x4c dinh tir dit ligu do
bing thuit toan t6i wvu LpNM. Két qua so sanh cho thiy, md hinh dé xuét rat phu hop
véi dit liéu do. N6i cach khac, mé hinh phd Doppler dé xut mé ta chinh xé4c hiéu tng
Doppler trong kénh thong tin thity 4m ving nudc ndng.

1. Phan tich va d@é xudt mé hinh phé cong sudt Doppler cho cdc thanh phan dich tan

Doppler gdy ra boi su nhiéu dong ctia mdt nudc.

Hinh 1 12 md hinh hinh hoc cho kénh nudc ndng, gia sir cac diém tan xa Sin(n=
1,2,...,N;;i=1,2) phin bb ngau nhién trén mat nude (i = 1) va dudi mat day (i =
2). Xét trudng hgp may phat (Tx) dimg yén va mdy thu (Rx) di chuyén véi van toe Vg
tao v6i tia truyén theo duong tAm nhin thing mdt goc ak. Dich tan Doppler dugc xét
riéng biét cho mdi dudng truyén song da dudong. DY dich t4n nay phu thudc vao cc goc
t6i cla tia song da dudng so voi phuong clia van tdc dich chuyén ctia may thu hodc van
tdc clia séng bé mit, cu thé 14 cac goc @ B, va O, , s& duge xét chi tiét nhu trinh bay
sau day.

Xét diém tan xa trén mit nudc S1n dich chuyén v6i van tdc danh dinh Vs, . Dich
tan Doppler s& dugc xem xét gbm hai thanh phan khi xét 1an luot su dich chuyén ctia
Sin 80 v6i Tx va so v6i Rx. Hai thanh phén nay s& khac nhau do tan s6 Doppler gy ra
boi ngudn phét dich chuyén khac vé6i béi ngudi quan sat dich chuyén trong truyén séng
am.

Piém tn xa S, , dugc coi 1a diém quan sét khi xét sy chuyén dong cia né so véi
Tx, khi d6 d6 dich tn Doppler tai S; ,, dugc xac dinh theo cong thie sau:

V.
fos =225 oty (1)

trong do:
fs, :Goc gilta van tde Vs, vatruc nbi Tx va Sin
s Téc d6 song 4m thanh trong mdi truong nuée nodng, 14y gia tri 1500 m/s
f. :Tén s6 séng mang tin hiéu phat

Do chiu 4nh hudng ciia d dich tan Doppler fry Sp? tAn s6 tin hidu thu dugc tai diém
tan xa Sy, S& 12 (frys, + fc). Tin hiéu ndy s& duge coi la mot ngudn phat khi xét sy
dich chuyén cta Sin so voimay thu Rx, do d6 s&€ gdy ra dich tan Doppler cho tin higu
thu dugc & Rx tinh theo cong thire sau:

Vs, cos Og,

frxs, = (fras, +f2) ¥ 2)

cs — Vs, cos g,
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v6i Og 1a goc gitra van tbe Vs, vatruc nbi Rx - Sin-
Do dich tn Doppler tong fp,s,, gy rabdisy dich chuyén cia diém tan xa S, , bang

tdng hai d6 dich tin thanh phan fr.s Va frys, .

fe X Vs, (cos B, +cosbg,)
cs — Vs, cosOg,

fo,s, = frxsy T frxs, =

3)

Goi f,, 12 1a d9 dich tAn c6 thanh phin phd 16n nhit do sy dich chuyén cia cac
diém tan xa gdy ra. V&i céc co ché tan xa cia mit nudc khi cac diém tan xa c6 van tbe
thay ddi theo thoi gian, ham Gaussian dugc dung @& m6 hinh hoéa thanh phan Doppler

Ssurface(f) do sy nhiéu dong mit nude gly ra theo cdng thirc sau:

1 f~fm)?
s - 5" 4
Surface(f) W\/-T? ( )
v6i:w  : Bing théng phd Doppler do sy nhidu dong ctia bé mit

fm DO dich tn Doppler gdy ra béi su nhiu dong ctia mit nudc
2. Phdn tichva dé xudt mé hinh phé cong suat Doppler cho cdc thanh phan dich tan
Doppler gdy ra boi su chuyén dong twong doi giita mdy thu va mdy phdt
Xét dich tn Doppler clia dudong dén th n do sy chuyén dong ctia Rx gy ra. Dich tan
nay phu thudc vao goc téi ¢; ,, , dugce tinh theo cong thuc sau:
fin= Fomeccos(a,) ()
Vi fi max dai dién cho d6 dich tAn Doppler 16n nhét.

Trong moi trudng nude néng, hi¢u ing da duong do phan xa bé mit hodc déy rat
manh, trong ty nhu kénh vo tuyén trong mdi trudng c6 hiéu img da dudng manh. Do
d6, thanh phan phd cong suit Doppler Sryrx(f) do su chuyén dong twong d6i giita
méy thu Tx va may phat Rx dugc mo hinh hoa bang ham dang Spike [ngudn: T. C.
Models, 1EEE std. 802.11-03/940r4, May 2004] nhu sau:

Sp(f) - ———— 6
1+C[f—f@@]

Spike

VOi fopixe 12 dich tan Doppler c6 thanh phan cong sut 16n nhét do su chuyén dong ciia
Rx , @6 chinh 1a thanh phén tAm nhin théng ¢6 dich tAn dugc tinh theo cdng thirc sau:
f.xV,

R
Jspike =—cix cos(7 —ay )

v6i /o 14 tAn sb tin hidu, ¢, 1a van tbc song am dudi nude (khoang 1500m/s cho cung
nudc néng). C la tham sé ding dé xac dinh bing thong phé Doppler Bspike do sy
chuyén dong ctia may thu gdy ra. Bang thong phd Doppler Bspike duoc xac dinh trong

dai tan s6 ma Syyg,(f) gidm 10dB so véi dinh cua néd. Cong thirc tinh By, nhu sau
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6
BSpike = _\/——C_ IfD,maxI (7)

3. Phdn tich va dé xudt mé hinh phé cong suat Doppler cho kénh théng tin thity dm
M5 hinh phd céng suit Doppler cho kénh thong tin thily 4m dugc d& xuét 1a su két
hop tuyén tinh ctia hai thanh phén theo cong thirc sau:

ﬂﬁT

1 > +Ae—( it

1+C£f—fSpike\]

Spike

Se(f)= )

Trong d6 hang tir thur nhét trong cong thic bidu dién thanh phan Spike do sy dich
chuyén twong di gitta may thu va may phét gay ra, hang tr thir hai biéu dién thanh phan
Gaussian do su nhiéu dong mit bién gay ra. Hé sb diéu chinh A4 dai dién cho ty 1€ giita
gia tri dinh cua phd Gaussian va phd Spike.

4. Phwong phdp tinh todn cdc thong s6 ctia mé hinh phé Doppler dé xudt

Céc thong sé trong mo hinh phd Doppler cAn dugc tinh toan dé mo hinh dé xuét
¢6 thé md ta duoc phd Doppler thuc té trong kénh thily Am viing nuée nong. Cac théng
s6 nay duoc tinh bang phwong phép t61 wu LpNM (Lp Norm Method) nho viée t61 thiéu
héa ham sai sau:

1

_ 1 fmax N p 5 9
En—[-g f 15.(H) =S| df ©)

trong d6 S, (f) 1a phd Doppler do duge trong khoang thoi gian ¢,, Af = fax = fmin

Fmin

1a khoang cach tan sb quan sat. Két qua ti thidu hoa ham sai trén 13 tip tham sb ciia md
hinh d& xuét{4, £, w,C, fyys.} - Hinh 2 minh hoa so @ lien két cac thiét bi trong hé thng

do, thu thép dit liéu dé thu duoc phd cong suit Doppler ctia kénh thong tin thiy am tai
vinh Ha Long, Viét Nam vao ngdy 09/06/2015. Bén phat gdbm mdy tinh phat, mach
khuéch dai cong sudt va mot bo chuyén ddi ning lugng (tranducer) thn s thp. Tét ca
cac thiét bi nay dugc dit trén thuyén phét. May tinh phét s& phat lién tuc séng sin thn s
12 kHz. Song sin nay s€ dugc khuéch dai va ndi véi transducer dé phat di trén kénh
truyén thiy 4m. Tai bén thu, tin hiéu s& dugc thu bé‘mg mot dau thu dudi nuéc
(hydrophone) va dugc khuéch dai bing mot bo khuéch dai tap 4m thap (LNA). May tinh
thu s& thu va luu trit tin hiéu dé xt Iy dé dua ra phd cong suit Doppler cua tin higu truyén
trén kénh thiy am.

Hinh 3 minh hoa cac kich ban do phd Doppler trong kénh thily 4m.

Hinh 3a minh hoa kich ban do phd Doppler trong truong hop may thu chuyén dong
ra xa mdy phat. Ban dau hai thuyén thu va phat tin hiéu gitr vi tri tai A va B, khoang
cach gifta hai thuyén 13 10m. Sau d6 thuyén thu Rx di chuyén ra xa Tx vé6i van tbe
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khoang 3.5 + 4 km / gi¢ cho t6i khi thuyén thu téi vi tri C cach B 165m. Tir vi tri B
thuyén thu giam tdc va troi dan t6i vi tri D cach C 38m (A, B, C,D thing hang).

Hinh 3b minh hoa kich ban do phd Doppler trong truong hop may thu Rx (tai B)
chuyén dong lai gin may phat (tai A) v6i AB=385m. Sau d6 thuyén thu ting tbc khi di
chuyén lai gan thuyén phat theo dudng thing cho téi khi dén diém C cach B mdt khoang
230m, van tdc tbi da dat duoc khoang 5+5.5 km/gio. Sau do6 thuyén thu giam tdc do va
di chuyén tir C lai gan va dumg lai gin thuyén phat, quang duong di chuyén 12 155m.

Hinh 4 minh hoa cé4c budc x4c dinh tham s6 ctia md hinh phd Doppler dé xuét.

Budc mot sé thuc hién do phé Doppler cua kénh thity 4m thu dugc trong cac kich
ban do. Gia trj trung binh cua phd Doppler S, (f) do dugc trong khoang thoi gian quan
sat AT, s& dugc coi nhu mdt mo hinh tham chiéu trong budéc 2. Tiép dén trong bude 3,
md hinh phd Doppler cho kénh thiy 4m s& dugc chon la phd hinh séng ché @& xuit S(f)
nhu trong cong thirc (4). Thuit toan t51 wu Lp-Norm Method (LPNM) dugc dung dé ude
luong cac tham s6 ctia md hinh dé& xuit duge thuc hién trong budc 4. Két qua 1a cac

tham s6 t6i wu {A, £, w,C, fSpike} cua mo hinh phé Doppler d& xuét s& dugc xac dinh .
Sir dung két qua Sopite» VAN tc trung binh 7, , trong khoang thoi gian quan sat AT,

s& dugc tinh theo cong thirc

V _ csfopike
nR R
fcxcos(ﬂ'—a,,)

Tiép dén, quang duong dich chuyén s, trong thoi gian ndy dugc tinh theo cong

(10)

thuec:
s, =V, r X AT, (11)
Sau khi x4c dinh cac thong sb {A, f,sw,C, fsmke} , phé cong suét Doppler dé xuit s&

duoc so sanh v6i phd Doppler do dac dugce ciia kénh thong tin thuy &m trong mdi khoang
thoi gian quan sat ciia mdi kich ban do. Két qua so sanh ndy dugc minh hoa trong cac
hinh 5 va 6. Bang 1 va 2 liét k& cac thong s6 t6i wu cho md hinh Doppler dé& xuét cho
mdi kich ban do.

Hinh 5 so sanh md hinh phd Doppler d2 xuit va phd Doppler do dugce theo kich
ban do 1, khi may thu chuyén dong ra xa may phat.

Hinh 6 so sanh mé hinh phd Doppler dé xuét va phd Doppler do dugc theo kich
ban do 2, khi may thu chuyén dong lai gin mdy phat.

Hiéu qua cua sang ché

Mo hinh phb Doppler dé xuét mé ta hidu tng Doppler trong kénh thuy am cho
treong hop tong quat, xét dén hai thanh phan phd Doppler gdy ra boi sy nhiéu dong cia
mit nuéc va sy chuyén dong tuong dbi gitta may thu va may phat. M6 hinh nay duoc

7
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dung rat hiu qua dé x4y dung cac bd mo phong kénh truyén thay am ciing nhu hd tro
viéc phan tich va thiét ké hé théng truyén thong tin tin cdy dudi nude, phuc vu cho lién
lac tau ngdm, ngudi nhai, v.v..

Mo hinh phé Doppler theo sang ché giap:

Mo phong chinh xac kénh truyén thong thity 4m: du doan chinh xé4c hon tic dong
cia Doppler trong kénh truyén thily 4m, dc biét 1a trong ving nude nong. So véi cac
md hinh d4 biét, md hinh nay két hop ci hai thanh phan Doppler (do chuyén dong cia
may thu/phat va do nhifu dong mat bién, gitp ting d chinh x4c.

Giam chi phi va thoi gian thir nghiém thyc té: stt dung mo6 phong trén hé thong
may tinh giam thidu sé 1an thir nghiém thuc t& cAn thiét, tiét kiém chi phi van hanh thiét
bi do luong thuc té du6i nudc.

H3 tro céc thiét bi va hé théng lién lac thity am xac dinh chinh x4c hon dich tin
Doppler, gitip ting d6 tin cdy cla viéc thu nhén tin hiéu.

Khi trién khai trong thuc té, md hinh c6 thé gitp cai thién tdc do truyén tin bing
céch bu trir Doppler t6t hon, hd trg t61 wu hoa phuong thirc diéu ché va giai mi tin hiéu,
giup giam ty 1¢ 15i bit (BER — Bit Error Rate) trong m6i trudng thiry am.
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Yéu cau bao ho

1. Phuong phap xdy dung md hinh phd Doppler cho kénh thong tin thuy am ving nude
n6ng, phuwong phap nay duge thuc hién trén may tinh, va trong do:

bén phat gdbm may tinh phat, mach khuéch dai cong sudt va bd chuyén ddi ning
lugng (tranducer) tAn sd thip, tat ca cac thiét bi nay duoc dit trén thuyén phét, méy tinh
phét s& phat lién tuc song sin, séng sin nay sé duge khuéch dai va ndi véi bd chuyén dbi
nang lugng dé phat di trén kénh truyén thily 4m; tai bén thu, tin hiéu thu s& dugc thu
b:?mg mot dau thu séng trong nude (hydrophone) va dugc khuéch dai béng mot bd
khuéch dai tap &m thip (LNA), may tinh thu s& thu va luu trif tin hidu dé xir ly dé dua
ra phd cong suit Doppler cta tin hiéu truyén trén kénh thuy am; va

phd cong sudt Doppler d& xuét cho kénh thong tin thily 4m 1a sy két hop ctia thanh phan

Doppler giy ra do dich chuyén tuong dbi cua may _phat va may thu vé6i thanh phan
Doppler gdy ra béi nhiéu dong mdt bién, pho cong suat Doppler d€ xuét cho kénh thong
tin thiy 4m dugc xdy dung nhu sau:

S (f ) =

1 > +Ae—[ v

1+C[f—f@@j
f Spike

trong d6 hang tir thir nhét trong cong thirc mo6 hinh phd Doppler bidu dién thanh phin

(12)

Spike dai dién cho su dich chuyén tuong ddi gitta may thu va may phat gay ra, hang tor
thtr hai biu dién thinh phin Gaussian do sy nhiu dong mat bién giy ra, va
trong do:
w 1a bang thong phd Doppler do su nhiéu dong cua bé mit,
fim 12 d0 dich tan Doppler gy ra boi su nhiéu dong cua mat nudc,
fspike 1a dich tan Doppler c6 thanh phan cong suét 16n nht do sy chuyén
dong ctia Rx , d6 chinh la thanh phi?m tAm nhin théng co dich tAn dugc tinh
theo cong thirc sau:
/. Spike — fc ld

s

x cos(m —ap ), VOi:

fe la tAn sb tin hiéu,
¢ 12 van téc song 4m dudi nude (khoang 1500m/s cho cung nude
ndng),
Vg lavéan tdc ctia may thu (Rx) di chuyén véi méy phat (Tx) tao v6i
tia truyén theo dudng tdm nhin thing mot goc af,
C 1a tham sb ding dé xac dinh bing thong phé Doppler Bgpixe do su
chuyén dong cua may thu (Rx) gay ra,
A 13 hé sb didu chinh dai dién cho ty 1¢ giira gid tri dinh clia phd Gaussian
va phd Spike;
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trong d6 phuong phéap xay dung mo hinh hoa phd Doppler cho kénh théng tin thity

Am vung nuéc ndng nay tinh todn cac thdng so cia mé hinh pho Doppler theo cac

budc nhu sau:

- bude 1: thue hién do kénh thuy 4m dé thu dwoc phd Doppler ctia kénh thity 4m

thu trong céac kich ban do,

- buéc 2: xdy dung md hinh tham chiéu tr dit liéu do, gia tri trung binh ctia phd

Doppler S,(f) do dugc trong khoang thoi gian quan sat AT, s€ dugc coi nhu

moOt mo hinh tham chi€u,

- budc 3: chon mo hinh md phéng phd Doppler cho kénh thiy 4m 1& m6 hinh phd

Doppler dé xuét trong séng ché S(f) nhu sau:
f~fm)?

1
SSurface(f) = ;\/—-7;6_( w ) (13)

- budc 4: st dung thuat toan t6i wu Lp-Norm Method (LPNM) dugc ding dé udc

lvong cac tham s6 bang cach tdi thiéu hoéa ham sai gitta mo6 hinh tham chi€u va

mo hinh mo6 phéng nhu sau:

1
1 fmax - 5
=l [ B =S af (14
Af fmin
trong d6 S, (f) 1a phd Doppler do dugc trong khoang thoi gian ¢,,
Af = fmax — fmin 12 khodng cich tan sd quan sat,

két qua 1a xac dinh dwoc cac tham sb t8i wu {4, £, w.C, .} ciia md hinh pho

Doppler.

2. Phuong phép x4y dung md hinh phd Doppler cho kénh thong tin thuy 4m vung nudc
néng theo diém 1, trong d6, bing thong phd Doppler ctia thanh phan Spike, Bspike dugc

x4c dinh trong dai tin s ma thanh phan Sike S,z (f) gidm 10dB so véi dinh cua nd,
¢6 cong thirc tinh Bgy;x, nhu sau:

6 (15)
BSpike = IfD,maxl
\VC

10
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Béang 1: Thong s t6i wu ciia mé hinh phé Doppler cho kich ban do 1 (trén hinh 5)

15/15

Treong | Thanh phén Gausian Thanh phan Spike Van tdc va quang
hop (n) duong cua may thu
A[dB] | f,[Hz]| wHz]| C Jomn | Bsie | Var | AL[s]| s,[m]
[Hz] | [Hz] | [km/h]
1 -26.2 1.1 7.2 200.0 |-83 [3.52 |3.7 105 108.9
2 -18.8 | -1 20 200 |-89 [3.78 |4.0 50 55.7
3 -4.5 45 |28 100.0 |-4.7 |2.82 |2.1 50 29.4
4 -8.5 22 |35 357 |-14 (145 |07 45 8.1
Tong cong 250 |202.2

Béng 2: Thong s6 t6i wu ciia mé hinh phd Doppler cho kich ban do 2 (trén hinh 6)

Truong | Thanh phan Gausian Thanh phan Spike Van toc va quing

hop (n) duong cia méy thu
A[dB] /, LHz]| W [Hz]| C fi D,max BSpike Vn,R AT [s] | s,[m]

[Hz] [Hz] | [km/h]

1 -289 |[-1.0 {30.0 |200 |7.1 3.01 (3.2 80 71

2 -129 |-1.0 [30.0 [999 |12.1 |[726 |54 105 158.8

3 -10.6  |-1.1 [439 [994 |11.6 |696 |52 35 50.6

4 -8.3 0.2 27.0 |348.1 | 104 |334 |47 50 65

5 -8.2 -09 |82 1873 | 7.5 330 |34 25 23.5

6 -3.0 -1.2 |55 7.8 2.7 579 |12 50 16.8

Tbng cong 345 | 3857




