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Tém tit

Théng tin dudi nuwéc cung voi Cac ung dung cua né 1a mét linh vuc nghién ciu da va dang
dwoc phét trién nhanh chéng, mé réng trong nhiéu linh viee nhu: Piéu khién xa trong nganh
cdng nghiép khai thac dau mé ¢ ngoai bién; Tinh toan 6 nhiém méi truong trong cac hé
théng thugc vé méi trieong; Truyén tiéng ndi giiza cdc nguwoi nhai; Vé day dai dwong dé tim
ra cac nguon tai nguyén mdi; Thong tin lién lac giiza cac thiét bi ngam; ... C6 hai cach thiét
Igp viéc trao doi thong tin giira cac thiét bj didi mweée: Cach thir nhat 1a két noi bang céap
giiza may phat va may thu, cach nay bdo dam chdt lirong tin hiéu tot va giam thiéu nhaing
tae dong khdng mong muén ciia méi treong. Tuy nhién, chi phi cho viéc trién khai bdo dam
lién lac cao, cong tac bao qudn va bao diedng khé khdn, dac biét néu viée trao doi théng tin
dién ra ¢ dg sau lom, trong diéu kién co dong thi dam bao thong tin theo kiéu nay rat phic
tap. Cach thi# hai la thiét ldp thdng tin giia cac thiét bi bang cach sir dung nuée nhu mét
méi trrong truyén dan tin hiéu va kénh thdng tin vo tuyén duwéi nuwée nhuw vy diroc goi 1a
kénh thiy Am. Bai bao nghién cizu nhing van d@é co ban d@é thuc hién truyén tin dudi nuwéc
bang thiy dm, trong dé trinh bay co s¢ chung d@é thuc hién thong tin dwdi nuéc, md phong
hé thong thong tin thiy am sir dung ki thugr diéu ché QPSK (Quadrature Phase Shift
Keying), két ludn ddanh gid va dé xuat hwéng nghién cizu tiép theo.

Tir khoa: QPSK; Thiy am; Truyén dan.

M4 s dinh danh bai bao: http://tckh.dlu.edu.vn/index.php/tckhdhdl/article/view/423
Loai bai bao: Bai b4o nghién ctru gbc cé binh duyét

Ban quyén © 2018 (C4c) TAc gia.

Cép phép: Bai b4o nay duoc cap phép theo CC BY-NC-ND 4.0

59


http://tckh.dlu.edu.vn/index.php/tckhdhdl/article/view/423
http://creativecommons.org/licenses/by-nc-nd/4.0/

TAP CHi KHOA HOC PAI HOC PA LAT [PAC SAN CONG NGHE THONG TIN VA TRUYEN THONG]

RESEARCH ON UNDERWATER COMMUNICATION AND
SIMULATED ASSESSMENT OF MAIN PARAMETERS

Phan Thanh Minh?", Nguyen Ngoc Binh?

@The Faculty of Professional Telecommunications, Telecommunications University, Khanhhoa, Vietnam
*Corresponding author: Email: phanthanhminh@tcu.edu.vn

Article history
Received: January 22", 2018
Received in revised form: May 13™, 2018 | Accepted: May 14", 2018

Abstract

Underwater communication and its applications is a research field that has been
developing rapidly, extending in many fields such as remote control in the offshore oil
industry, calculating environmental pollution, transmitting voice among frogmen, drawing
the ocean floor to find new resources, communication between underground devices, etc.
There are two ways of establishing information exchange between underwater devices. The
simplest and most effective way is using a cable connection between the transmitter and the
receiver, which ensures high quality of signal and minimizes unwanted effects of the
environment. However, it has disadvantages such as high cost of deploying communication,
difficult maintenance, and especially, if information exchanges take place at great depths
and in mobile cases it would be very complex to ensure such an exchange. The second way
is establishing information between devices using water as a signal transmission medium,
which is called underwater communication channel. This article focuses on the basics of
underwater communications including the general basis for conducting underwater
communications, simulation of an underwater information system using QPSK modulation
technique, and conclusions and recommendations for further researches.
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Phan Thanh Minh va Nguyén Ngoc Binh
1. CO SO CHUNG PE THUC HIEN THONG TIN DUOI NUOC
1.1.  Taisao lai ding 4m thanh dé truyén tin dwéi nwéc?

Bang thng ké cac tham sb trong Bang 1 cho thay rang séng am Ia tin hiéu thuan
loi nhat dé truyén tin trong moi truong nudc (suy hao truyén dan nho, cu li lién lac xa).
Pai duwong 14 mot mdi truong v clng phac tap, tat ca dic trung riéng biét cua moi
truong dai dwong 1a tinh ty nhién khéng dong nhat ciia nd. C6 hai loai khong dong nhat:
(i) Thong thuong; va (i) Ngau nhién. Cing véi anh huéng manh mé cua trudng song
am trong dai duong, su thay doi thong thuong cua toc do séng am so véi cac tham so
cua dai duong (nhiét do, do siu, 6 man) da dan tsi hinh thanh “kénh song am dudi
nude” va diéu dé 1a mot hé qua dé truyén lan 4m song di xa. Su khong dong nhat ngiu
nhién ctia moi treong dai duong lam gia tang su tan Xa cua song am, do d6 tao ra nhitng
thay ddi that thuong trong truong séng am.

Bang 1. So sanh cac loai tin hi¢u song Am, dién tir, quang trong méi truong nwéc

Tham sb Acoustic (S6ng &m)  Electromagnetic (Song dién ttr)  Optical (Sdng quang)
Nominal (m/s) ~ 1,500 ~ 30,000,000 ~ 30,000,000

Power Loss >0.1 dB/m/Hz ~28 dB/1Km/100MHz a Turbidity
Bandwidth kHz MHz (10-150) MHz
Frequency band kHz MHz THz

Antenna size 0.1m 0.5m 0.1Im

Effective range Km 10m 10-100m

Ngudn: Téc gia tong hop tir Internet.

1.2.  Anh hwéng ciia dai dwong dén truyén séng am dwéi nwéc

1.2.1. Téc dé am thanh trong dai dirong

Su thay d6i cua téc d6 am thanh trong dai duwong ¢ 1a tuong ddi nho. Nhu 1a mot
qui luat, c nam gitra 1450 va 1540m/s. Nhung ngay ca céc thay doi nho cua ¢ ciing anh
huong dang ke toi su truyen lan cua 4m thanh trong dai dwong. Mot s6 thi nghiém va do
luong hi¢n nay chi ra rang toc do &m thanh tang mot cach phuc tap khi nhiét do, ap suat
thay tinh (hodc d¢ sau) va lwgng muoi hoa tan trong nudc tang. Toc do &m thanh ¢ dugc
dua ra boi Medwin va Clay (1998):

c= 1449.2+4.6T-0.055T2+(1.34-0.01T)(S-35)+0.0167 (1)

O day nhiét d6 T duoc tinh bang [°C], S d6 man [%0], d6 sau z tinh bang [m],
tbc dd am thanh tinh bang [m/s].
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1.2.2. Sw phu thugc cua téc dé am thanh vao nhiér dg, dé man, dé sau

Dang dic trung cta tc dd &m thanh 12 mot ham cua T, S va z 1a:

¢(2) =¢(T(2),5(2).2) )

Cong thire (2) biéu thi méi quan hé giira T, S, z va ¢ 1a quan trong nhat dbi voi sy
truyén lan ctia 4m thanh trong dai duong. Pic trung cua tbe do am thanh ¢ theo do sau z
1a khac nhau ddi véi cac ving bién khac nhau, thay ddi theo thoi gian (theo mua). Tai
cac do sau dudi 1km, sy thay doi cua T va S thuong nho va tdc d6 4m thanh ting phan
I6n do sy ting ctia 4p Suat thuy tinh. Két qua 1a toc do am thanh tang tuyén tinh véi do
Su.

Hinh 1 chi ra nét dic trung thong thudng cua nhiét do tai bé mat cua bién cao
hon tai day bién. O day c6 thé thiy, nhiét do giam so véi do sau dén do sdu z=300m va
sau d6 dat gié tri khong doi. Piéu nay phi hop voi dic trung mua hé cua mot ving bién
thong thuong. Toc d6 am thanh thay doi cling véi su thay d6i cua nhiét do, d6 man va
d6 sau. Sy anh hudng cua nhiét do va &p suat ddi véi tbe do am thanh duoc chi ra trong
Hinh 2. O day n6 duoc phan thanh ba ving: Vang tha nhat nhiét d6 1a nhan t6 chi phéi
dén toc do am thanh; Viung thir hai 1a viing chuyén déi c6 d6 sau tir 200-400m, ca nhiét
d6 va d6 sau déu chi phdi dén téc d6 am thanh; va Vung th ba trén 400m, téc do am
thanh hoan toan phu thudc vao d6 sau.

Temperature Vs Depth curve
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Depth [m]
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Hinh 2. Téc d9 Am thanh va dd sau

Sy phu thudc cua ¢ vao d6 man S duoc chi ra trong Hinh 3. O day, véi su gia
tang cua S, toc d6 am thanh ¢ cling tang va gilr nguyén dang dac trung cua no.

Sound Velocity varying with Salinity
— -
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Hinh 3. Téc d9 Am thanh va do min

1.2.3. Suy hao truyén dan cia am thanh trong méi truong ndc

e Tan xg hinh c4u: Trong mot méi truong dong nhat va kéo dai vo tan, cong
suat phat ra bai mot nguon duoc phat xa theo tat ca cac hudng trén bé mat
cua mot hinh cau. Biéu nay duoc goi la phan bo hinh cau.

2
Gopere (1) =10 |og['—°} - 20 Iog[L} 3)
sphere

)
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_ Trong do: ro la khoang cach tham khao (=1m); lo la cuong do am thanh cua
nguon tai khoang cach ro; va I la cuong d6 &m thanh cua nguon tai khoang cach r.

e Tan xg hinh try: Tan xa hinh tru ton tai khi hai méi truong bi gidi han boi
hai mat phang phan xa. Khoang cach giira cac mit phang duogc gia dinh 1a h
> ]04. Trong d6, 4 biéu thi budc séng cua séng am.

r
G ()= 1005] | 10009 L @
cylinder 0

Ning luong &m thanh ciia qué trinh truyén song 4m trong dai duong mot phan bi
hap thu do ning lugng bi chuyén thanh nhigt, mot phan bi suy giam do séng am bi tén
Xa boi su khong ddng nhit cua méi trudng. Nhung trong cac thi nghiém ¢ dai duong
thue, khdng thé phan biét dugc gitra danh huong cua sy hap thu va su tan xa. Ca hai hién
tuong trén gop phan lam suy giam am thanh trong nuéc bién.

Trén co so nhitng thi nghiém rong rai va thuc nghiém, cong thirc thuc nghiém
sau day dol Vvéi hé ) suy giam trong nudc bién dwoc dua ra. Cong thic nay thoa man
khi tan s nam trong mién (a) nhu Hinh 4.

_0.11f%  44f°

- dB/k 5
1+f2+4100+f2[ m] ®)

Trong d6 : f 1a tan s [kHz].

‘ Theo Brekhovskikh va Lysanov (2003) thi cdng thic nay thea mén khi tan s6
nam trong mién (b) nhu Hinh 4.

SAf f° B
2

a:8.686*103[ j(l 6.54*107P)[dB/km| (6)

T fT

Trong do: A=2.34*10"°, B=3.38*10"; S 1a do man [ppt]; P la &p sut thay
tinh [kg/ecm?]; f 1a tan sb [kKHz]; va f, =21.9*10° 2™ [kHz]la tan sb nghi véi T 1a
nhiét d6 tinh bang [°C], vai dai nhiét d tir 0° dén 30°C, fr thay doi xap xi tir 59 dén 210
kHz. Cong thirc nay théa man khi tan s6 nam trong mién (¢) nhu Hinh 4.

AR, f’ AP, f° 2
= i 4+ =222 4+ APTf° [dB/km 7
o f12+f2 f22+f2 A33 [ ] ()

H,0, Pure water
B(OH )3' Boricacid ~ MgSO,, Magnesium sulphate

Trong d6: Boric axit B(OH)s
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A1 8.686 *10078ph -5. P 1 f =2 8\/i*lOAT1+2:§3 (8)
C

—Hc)

0 1008  3KHz  10KH: 05MH:  1MHz  f
Hinh 4. Biéu @6 chi thi cong thirc thuc nghiém véi cac mién tan sé khac nhau

Magié sunfat MgSO4

1990

%10 (T+273)
A= 2144*S(l+0025T) P,=1-137*10",, +62*10°2.,; f, = 817410 7 (9)
1+0.0018(S -35)

Tbc do am thanh xap xi dugc cho boi:
C=1412+3.21T +1.195+0.0167z,, (10)

Trong cac mién chuyén tiép nod tuong g véi f. Su suy giam tang twong tng Voi
su ting ciia d6 man va nhiét do, Hinh 5 thé hién su suy giam tang tuong tng vai tan s6
tang. Khi nhiét d¢ tang thi d6 suy giam tang (Hinh 6).

an

T T
o 41

2

& a

Atienuation in [¢8 fkm|

8

o 20 40 60 B0 100 120 140 160 180 200
freguency in KHz

Hinh 5. Hé s6 suy giam thay déi theo dd min va nhiét d¢ 20°C
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Hinh 6. H¢ s6 suy giam thay déi theo d§ min va nhiét do 30°C

e Sy suy gigm cua am thanh trong lép tram tich: Sy suy giam cua &m thanh
trong 16p tram tich chu yéu phu thudc vao su thay ddi dang cua day. Cau
trdc cua 16p day duogc tuong trung bai bt, biéu thi chat lidu 16p tram tich cua
dai duong. Bang 2 dua ra cac gia tri cua bt cho mdi dang cua Iép tram tich.
Coéng thic thyc nghiém sau dugc dua ra dé tim sy suy giam cua séng am
trong 16p tram tich phy thudc vao bt.

o, :LK(L) [l} (11)
8.686 1kHz m

Trong d6: as 1a sy suy giam cua séng am trong 16p tram tich.

Bang 2. CAc gia tri cia bt cho mdi dang caa lép tram tich

Dang cua lép tram tich Gié tri bt
Cat rat tho
Céat thd

Cét co trung binh
Céat min

Cét rat min

Bun rat thd

Bun thé

Bun c& trung binh

Bun min

© 00 N oo o B~ W N -, O

BUN rat min

DAt sét

AN
o
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Bang 3 dua ra cac gia tri ciia K va n d6i véi bén dang cua lép tram tich.

Bang 3. C4c gia tri cia K va n déi véi bén dang caa Iép tram tich.

Dang cua I&p tram tich K n

Bun rat min 0.17 0.96
Cat min 0.45 1.02
Cat ¢& trung binh 0.48 0.98
Cét thod 0.53 0.96

1.2.4. Hiéu ung Doppler

Chuyen dong tuong d6i gitra may thu va may phat gay nén thay doi trong dap
g kénh truyén do hiéu ing Doppler. Bién d6 cua hiéu tng Doppler ti Ié véi ti s6 a =
vic, trong d6 v 1a chuyén dong twong ddi gitra may thu va may phat, ¢ la van téc am
thanh trong nudc. Do van tdc ciia am thanh trong nudc la kha nho khi so sanh véi van
téc cua song dién tir trén khdng trung nén anh huong cua hiéu ang Doppler la rat Ion.
Cac thiét bi ty dong dudi nudc di chuyén véi tée d6 khoang vai m/s, tuy nhién ké ca khi
khdng c6 nhiing Chuyen dong c6 muc dich thi nhitng anh huong nhu su troi dat gay nén
boi séng, thuy tridu ciing ludn ton tai. No6i cach khac ludn c6 chuyen dong tuong dol
gira may thu va phat, hé thong thong tin thuy am can duoc thiét ké nham giai quyét van
dé nay. Van d& nay c6 nhiéu diém tuong dong véi kénh vo tuyen truyén dan qua v¢ tinh.
Méo tin hiéu gay ra do chuyén dong cua thiét bi tac dong dén viéc thiét ké thuat toan
ddng bo va ude luong kénh truyeén.

Mure 46 anh huong cua méo I&n tin hiéu phu thg@c tryc tiép va gia tri cua a. Lém
phép so sanh nhu sau: Véi hé thong théng tin vo tuyeén, vai do dich chuyén tuong doi
gitra ngudn thu va phat 1a 160km/h thi a=1.5x10"", gi4 tri nay du nhé dé anh huéng
cua hiéu ung Doppler c¢6 thé dugc bo qua. Noi cach khac, viéc xem xet anh huong do
méo cua tin hiéu trong qua trinh dong bo la khong can thict. Xac xuat 161 bit la rat nho.
Nguoc lai, véi kénh thong tin thay &m, gia st nguon phat va thu chiu su dich chuyén 0.5
m/s (1 knot), thi gié tri cua a vao khoang a=3x10"*. Néu nhu dich chuyén tuong déi
Ién t&i vai m/s (tau ngam co6 thé dich chuyén vai van toc 1on hon), gia tri cua a vao
khoang a=10"", va day la gia tri khong thé b qua duoc.

Dich chuyén Doppler va trai pho Doppler sinh ra do chuyén dong twong d6i la
mét trong nhiing yéu té khac biét giita kénh thong tin thay am véi kénh théng tin vo
tuyén. Trai pho Doppler gay léch pha, tré d¢ong bo. Trong hé thdng thong tin thiy am
dung da song mang, hiéu ung Doppler con gay ra méo dac biét nghiém trong. Trong
kénh thdng tin vo tuyén trén khong trung, sy nén, gian theo thoi gian la cé thé bo qua,
hiéu tng Doppler la nhu nhau véi tat ca cac séng mang con. Véi kénh thdng tin thay
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am, anh huong cua dich chuyén Doppler 1én mdi séng mang con la khac nhau dang ké,
diéu nay gay nén méo Doppler khong dong bé trén toan bg bang thong tin hiéu.

2. MO PHONG HE THONG THONG TIN THUY AM SU DUNG KY
THUAT PIEU CHE QPSK

2.1.  So dd khoi hé théng thdng tin thiy am

Pé tién tai mot hé théng roi rac theo thoi gian mong muédn, xét hé thdng théng
tin nhu Hinh 7. Pay 1a hé thdng thong thuong duogc thiét 1ap ma cé thé dic trung cho
bat ky hé thdng nao sir dung kiéu diéu ché bién d6 cau phuong QAM (Quadrature
Amplitude Modulation). Tém tat vé hé thong duoc md ta nhu sau: Tai phia phét, cac ky
hiéu tuan tu d(n) duoc chuyén do6i sang tin hiéu bang gdc lién tuc theo thdi gian Sob(t)
boi mot bo diéu ché bién do xung (Pulse Amplitude Modulation-PAM). Trong d6 cac gia
tri d(n) 1a cac s phuc roi rac. Chuyén dbi tan sé duong 1én duoc thuc hién bang cach

nhan tin hi¢u voi el?” °t, ket qua la tin hi¢u bang thong s(t) duoc truyen qua kénh
truyén nhu da phan tich.

Nhidu

ul
Kénh

din)| J 1su(t) . s(t) ' rl1) nel— R “.'li”i
ptima Ll matntilat

Hinh 7. Hé thong md phéng kénh thily am

Eu?-l_u

Tai dau thu, dé tach séng mang, tin hiéu thu r(t) duoc xt ly bang mét bo doi tan
xudng ma co tin hiéu dau ra phd hop véi tin hiéu trong duong bang gbc ron(t). Sau bd
chuyen doi duong xudng 1a bo loc thong thap va b loc phdi hop. Bo tach séng thuc hign
ude lugng cac ky hi¢u da dugc phat. Nhu dé cap o trén, cac dic trung cua tin hiéu bang
géc sé& ¢6 nhiéu thuan loi cho viéc md phong hé thdng. Hinh 8 tuong trung cho hé théng
tuong duong bang gic.

Nhiéu
l nT/Q
st - (1 T "
d(n)—= I;:}?; (1) UAC i--}- p[:—.'} —’k~ det [ d(n)

Hinh 8. Hé thong twong dwong bing goc
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M6 phong thudng duoc dua trén hé théng oversampled, co nghia 13 toc do lay
mau cao hon toc d6 ky hiéu. Nhin chung toc do Iéy mau cao hon s& phan anh chinh xac
hon h¢ thong nguyén ban. Tuy nhién diéu nay dan tgi thoi gian mo phong dai hon do
nhleu mau hon can phai xir ly. Nhin chung dé sir dung téc do oversample, toc do nay la
boi s6 cua toc d6 ky hiéu. Trong d6 Q 1a s6 bit trén mot ky hiéu, Q 1a mot sb tu nhién.

2.2.  Xay dwng mé hinh md phéng

Hé théng md phong duoc minh hoa trong Hinh 9. Trong d6 bao gdm mét ngudn
bit, méay phat, kénh truyén, may thu va mot bo tinh ti s6 161 bit. Ngudn bit tao ra cac bit
nhi phan tuan ty ngu nhién va né duoc phat di boi may phat. Thong thuong mot nguon
bit ngau nhién duoc dung trong cac mod phong va dugc st dung trong mé phong cua bai
b&o. May phét chuyén céc bit sang ky hi¢u QPSK, dua qua b tao dang xung va chuyén
d6i duong 1én duoc thyc hién dé dua dén tan sé séng mang yéu cau.

Tin hiéu dau ra cia may phat dugc phét di qua kénh thaty &m. May thu nhan tin
hiéu nay tir kénh truyén, udc lugng pha va dinh thoi, giai didu ché cac tin hiéu QPSK
nhan dugc thanh cac bit tin va cung cap cho khdi tinh toan ti s6 18i bit. O day viéc tinh
s6 lwong cac bit 15i xuat hién dé khao sét hiéu ning cua hé théng.

Tao chudi bit
phat

May phat Keénh thuy dm May thu

BER

Hinh 9. Hé théng mé phéng
2.3.  Két qua md phang
Str dung lap trinh Matlap, tién hanh danh gia mot s6 tham s nhu sau:
2.3.1. Két qua md phéng doi véi céc logi day

Tién hanh danh gia cho cac loai day ma gia trj bt duoc trinh bay trong Bang 2.
Céc tham s6 khac dugc m ta nhu sau: Vi tri nguon (rs,zs)=(0,25) m; Vi tri may thu (I, ,
le) = (500,25)m; Téc d6 am thanh c=1500m/s; D6 sau cua nuéc D=40m; D6 man
S=35 ppt; Nhiét do cua nuéc T=14°C; va Do pH la pH=8.

Nhan thay rang tin hiéu phan xa tir dy toi bén thu cé bién do rat khac nhau cho

nhing moi truong khac nhau. Vi méi trudng ma day c6 tinh chat phan xa tot, tin hiéu
thu do sy phan xa tir day dong vai tro dang ké. Nhu vay, khi tien hanh trien khai hé
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thong trén thyc té, viéc nghién ciru tinh chat phan xa cia mét déy la vo cung quan trong.
Sy anh huong cua tinh chat da duong den tin hi¢u trong moi truong day bun va day dat
sét hau nhu khong c6 su khac biét nao dang ke.

=} =] =}
7%} ~ [

Bien do

o=
[

Bien do

=]

oo

00 Tre thoi gian [s]

00 Tre thoi gian [s] So cac tia

(a) (b)

Hinh 10. Tin hi¢u da dwong trong moi trwong day cat va day bun
Ghi chu: a) Mo6i truong day 1a cat; b) Mai truong day la bun.

Socactia

Bien do

“ 0,05

" 003
002

00 Tre thoi gian [s] So cactia 00 Tre thoi gian [s]

(@) (b)

Hinh 11. Tin hi¢u da dwong trong méi trwong day bun va day la dit sét
Ghi chii: a) Moi truong day 1a bun; b) Mbi truong day 1a dat sét.

So cactia
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2.3.2. Két qua mo phéong doi véi trirong hop khodng cach giiza may phat va may
thu thay doi

Tham s6 mod phong (Hinh 12) bao gém: Tan s6 song mang la 30 kHz; Dang day
bt= 1; Vi tri nguon (rs, 2, )=(0, 20) m; Vi tri méay thu (I , Zg )= (x,20) m, véi x= 10,
500, 1000, 1500.

0.03

0.02

Tre thoi gian [s] So cactia Tre thoi gian [s]

_______

___________

el

02"

ots LT
. )
= g |-
5 c 01+
S 0.06
005~
0~
8
. Tre thoi gian [s]
Socacfia Socactia
() (d)

Hinh 12. Tinh chit da dwong tai cac khoang cach khac nhau véi day cat
Ghi chi: a) 10m; b) 500m; c) 1000m; va d) 1500m.

2.3.3. Pdc tuyén BER
Trong thdng tin, muc tiéu Ia phai thu dugc ti s tin hiéu trén tap &m cao nhét.
Doi voi thong tin dudi nude thi nhicu cd hai dang, mot la nhiéu do méi truong xung
quanh tao nén va thir hai la hién tuong truyén dan da duong cua chinh tin hiéu do. Do
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vay, chiing tdi xem xét anh hudng cua hién tuong truyén din da duong cua kénh thiy
Am va tat ca cAc anh huong dbi véi kénh truyén nay. Sau day 1a mot s6 két qua mo
phong chi ra ti s6 16i bit (BER) ddi voi truong hop chi co duong truc tiép va da duong
cho hai truong hop khi cau tric cua dang day khac nhau va khoang cach giita may phat
va may thu khac nhau.

e  Dic tuyén BER khi chua xét dén anh huong cia da duong

Tham sé md phong: Tdc d6 am thanh c=1500m/s; bo sau cua nudc D=40m:;
D6 min S=35 ppt; Nhiét do cia nudc T=14°C; Do pH =8; Toc do gid vw=6knots; Vi tri
nguon (rs,zs)=(0,x)m, x=10.35; Vi tri may thu (T, s Zg, )= (1000,x)m; va Dang day bt=

biin thd. Hinh 13 biéu thi gid tri BER ciia dudng truc tiép. Trong truong hop nay, ching
toi chi xét dén duong truc tiep do do6 khong co bat cir mot nhiéu nz}lo, vi vay chi c0 su
suy giam vé do 16n caa tin hiéu nén ta cé BER ctia duong tryuc tiép bang khong.

BER cua tia truc tiep

L s et S S S S S
L R R R e e e
.

1) SN T S SN U S S S —

Bit Error Rate
(=)

T S S

Eb/No Values

Hinh 13. BER cua tia truc tiép
e Dic tuyén BER khi xét dén anh huong cua truyén din da duong

Xét hai truong hop, truong hop mot dang déy 1a bun va truong hop thir hai dang
day la cat khi c6 tac dong cua hién tuong truyén dan da duong. Tham sé mo phong: Vi
tri nguon (rs,zs)=(0,10) m; Vi tri may thu (rr,zr)=(500,35)m; Toc d6 am thanh
c=1500m/s; Do sau cua nudc D=40m; Po min S=35ppt; Nhiét do cua nudc T=14°C; Do
pH =8; Téc d6 gi6 v,, =6 knots; va Dang day: bt=0,7.

Hinh 14 va Hinh 15 cho thdy: V6i moi truong c6 day phan xa bt=7, thanh phan
phan xa sé c6 bién d6 nho hon so vai truong hop day co hé so phan xa la bt=0, do d6

72



Phan Thanh Minh va Nguyén Ngoc Binh

anh huong cua thanh phan phan xa s& nho hon. Vi vy, ti 18 18i bit cua truong hop bt=7
s€ nho hon ti I€ 161 bit cua bt=0.

BER cua tia truyen dan da duong: v=6, bt=0 0 BER cua fia fruyen dan da duong: v=6, bt=0
014 ‘ ‘ ‘ ‘ ‘ ‘ 10

=1
=
==
L —

Bit Error Rate
=
2 <
[=>)
—
Bit Error Rate
=

= =

= =

= 5] =
[

=

O S S S S * | i i
1 2 3 4 5 6 7 8 10 1 12 14 16 18 2
Eb/MNo Values EbiNo Values

(a) (b)
Hinh 14. Biéu d BER dbi véi trudong hop bt=0
Ghi chd: a) Thang tuyén tinh; b) Thang log.

BER cua tia truyen dan da duong: v=6, bt=7 0 BER cua fia fruyen dan da duong: v=6, bt=7
01 T T T T T T 10 T T T T
4 | | | | | | | | 3 :
0.0gt\ : :
0_03\ o | 5
il i e |
o o ; :
+ (.06 i1 it '
[y ' [y . :
¢ ] v | :
5 0051 510 \ :
T \ | T | s
7 004 \ | ‘ | | i | i
SR, |
002 \ e ;
o | ;
0 L S S S S S 10 i i i i
1 2 3 4 5 6 li 8 g 10 1 12 14 16 18 2
Eb/No Values EbiNo Values

(a) (b)
Hinh 15. Biéu @6 BER d6i véi trudong hop bt=7
Ghi cha: a) Thang tuyén tinh; b) Thang log.
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3. KET LUAN

Thuy am ngay cang duoc ung dung manh mé va dat hiéu qua cao trong phat
trién kinh té ciing nhu bao vé chu quyen lanh thd quéc gia. Nhing két qua nghién ctu
trén cua bai bao da dua ra két qua ve nhimg tac dong cua cac yéu to dén qua trinh truyén
tin trong moi trudng nudc bién. Md phong dua ra két qua cu thé cho mot méd hinh hé
thdng thdng tin thay am st dung k§ thuat diéu ché QPSK. Két qua co thé duoc tung
dung trong viéc ché tao c4c thiét bi truyén tin dudi nuéc, trén co sd d6 t6 chic xay dung
hé théng thong tin trén bién ngay cang hoan thién phuc vu cho cac muc dich cua qubc
gia.
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