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KHAO SAT DUONG CONG TIN HIfU akmc_. PHUONG PHAP
DELTA VA K¥ THUAT NHOM DIfm

LI U THANH
- Vién Diéi tie Vin hoe ’
HOANG KIEM
Vién Tin hoc |
Pliviong phép Delta dwge xdy dyhng trén co s& dénh gid d8 Bidn thign cda Qu‘bliﬁ cong tfn
higu trin mdt nhénm cde didm 18y m&u bing mét gid trj xdc dinh (xem [3]). Trén co s nhitng kit
i dA dat dwoe, chifig Lo sé thp trung vio gidi quydt nhitng vdn @8 cin bdn cda ky thuft chon

whidin W sde dinh o8 didin trong mbi nhém va xdc dinh 88 didm tdch trong s8 dé. Tir dé, ngudi
ta cé the! Ap dyng cde phwong phép nhin dang dwa trén tri thie (xem [1]) dd xik 1y chiing.

I - NGUYEN TAC PHAN NHOM

Khi khdo sdt mdt dwdmg cong tfn hidu bling k§ thuft vi xib Iy, 6 nghia 13 ngudi ta phdi
thwe hign vide ldy méu dwdng cong tin higu 6. Bling chich nhy, ngudi ta thu dwge dnh cla dwdmg
cong tin hiéuai;réu h§ toa A9 bidn 48 - thi gian. Do tinh 1ip vila chu ky 18y m&u T'm, nén thi ty
cia didm tfh higu dé cho ta gid trj v8 th¥i gian, Tt d6 dul chu dwoe chi duge khdo sdt theo mét
chitu 1 bién d§. Né dwoce lwu dwéi dang mdt diy 88 : -

{unlve = A(kTm).y(kTri) ; k= 1,2,...} (1)

trong dé y(t) 13 bidu didn Lign 48 tfn higu theo thoi gian ¢, cdn hdm A(t) bidu difn tdc déng cla
quéd trlnh 1y miu 1én gid trj tin higu thu nhn dwge,
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Hinh 1. Biéu difin dwdmg cong tin higu dwéi dgng diy (1)
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Theo [4], sai 88 gly ra do téc dfng cia qué trinh 16y miu c6 thé didu chinh vé gid trj vé
cling bé. Do viy, trong qué trinh khdo sdt dnh cla dwdmg cong tin hifu, ching ta s& xem (1) 1A
dnh déng cda tin higu.

1. Twr twdng khdo sit bling dgo ham

Bdn chft cia vifc nh§n dang dwdmg cong tin higu 1a nhgn bidt céc bi€n ddi v8 gi trj bitn
44 két hop véi déng difu cda dwdmg cong. Do phwong phép Delta dwge xiy dyng dé nhin dang
trwéc hét nhitng duwdng cong tin hifu d& dwge nhin dang bing mit, nén vide nhén ra céc doan
duwdmg cong co s& 1A rt quan trong (xem [3)).,

Trong gidi tich todn, khdo st m§t dwdmg cong luén ludn 1A vén &% tinh dgo ham cia dudng
cong d6. Nhuw ching ta déu bidt, d6 1A gid trj dwgc x4c djnh blng gia 88 ham 88, trong trudmg
hgp niy 14 bién d§, chia cho gia 8 cia déi 88, trong trudmg hep ndy 1A th¥i gian, khi gia 88 cila
d8i 88 tién t&i 0. Vi ddy (1), gisi han cda gia 88 thi gian chi ¢é the gidm t6i Tm. Nhu viy cb
thé néi rhng tw twdng xy dyng phwong phép Delta hodn todn phi hep véi vide khdo skt sy bién
thi&p cia hdm 88 truy8n théng trong giAi tich tokn trén co s& dwdng cong tin hidu khéng lién tyuc
trén mdy tinh,

3. Phwong phédp phén nhém difc bidt

Xufit phét tir tw twdng néu trén, cich khdo sdt dom gidn nh&t 1A xéc djnh gia 88 bién 48 tir
hai diém lién tiép nhau. Ti dy (1) ta c6 diy gia s8:

{AulAk = yhar —yu; k=1, 2,..} (2)

DAy chinh 1d céch phén nhém d¥c bigt, &p dyng cho truwdmg hep s8 didm trong nhém bling 2 va 8
diém tdch blng 1, m ta o8 goi t&t 1a nhém d¥c bist. Dic bigt trwée hét vI 46 1A nhém nhd nhit
¢6 thé nhém dwge khi dp dyng phwong phép Delta, vA v1 46 cfing 1A hién nhién nh&t. Phwong
phdp phin nhém d¥c bidt cé cdc tinh chit sau:

a) DAm bho d$ th mi clia dudng cong duge Iy miu.

Nhv ching ta di biét (xem [4]), rhng chi c6 thé khdo skt dudmng cong dwge 18y tir mEu ti mi
t&i cde bién ddi thn 88 Fax < Fm/2, véi Fm Ik thn 88 18y mAu. Do céch phin nhém diic bigt,
88 nhém dwge phin bing a8 diém 18y mhu trir 1, véi 8 didm 16n, vige phan nhém cé thé xem 1
khéng lam gidm t8n 88 18y m&u. Nhe vy, moi bifn d8i trén dwdng cong cé t&n s8 nhé hon Fiae
d%u c6 thd phét hifn dwgc theo dinh 1y Shannon.

b) T3n tai d8i véi moi dwdng cong cé thé Iy miu,

Trudc hét cin nhic lpi rAng mdt dwdng cong dwge goi 1A 6 thé 18y mbu véi mdt thide bj
88 héa A/D cé nghia 1 mlu thu dwge ¢ ¥ nghia dé nhin dgng. Xuft phét t¥r tinh chét a), do
khéng lam gidm 44 ti mi cda dwdmg cong, nén phuong phdp phin nhém djc bigt s khéng lam
mét § nghia ¢ nh§n dgng cia dwdng cong dwge 18y miu, V1 1§ d6, nhém dlc bigt ludn tBn tei
d8i véi moi dudng cong cé thd 1y miu.
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¢) 86 nhém tgo dugc dat cye dai. ]

RS ring 88 nhém tgo ra sé dat cye dai, d6 14 didu hién nhién. Do vy, trong mdt 88 trudmg
hep 88 14 du thiva so véi cdc nhém cé 88 diém 16 n hon, ‘

d) Chju hoan todn &nh hwbng clia nhidu cé tin 88 nhd hon 2.T'm.

Tinh chft ndy ciing 18 m§t h§ qud tht y&u cda tinh chdt a). Khi moi bién 48i cla dwdng
cong véi thn 88 nhd hon hay bing t&n s8 Shannon d8u ¢ thé nhin dgng, thl nhifu trong ving
tin 88 46 eiing khéng thd logi triv,

8. Phuwong phdp Delta

Phwong phip Delta (xem (3]) x4c 18p mét dnh xa tich tir cdc nhém N didm 1én mét thp che
50 nyruyén. Ta goi dnh xa tich 46 1A ham Delta f dwee xde djnh nhw sau

N
fm A2 v6ic fh= D (e - o) e

il

Tir gid trj thwe cda f2, chon cde ngwéng ngy, nga,... véingi-1 < ng; 4é xde djnh gif trj clda
f1 theo quy tic :
i ngi-1 S 2% < ng
= 0 |2 < ngy (4)

=t =ngi-1 2 [ > —ng

Gid trj cia dnh xa £, hay 1A hAm Delta, cho thy mi a9 nlghiﬁng ctla dogn dwdmg cong tao
bdi nhém diém mét. chch twong d8i theo 88 lwgng ngwémg, Trong pham vi bai ndy, chiing ta chi
quan t&m téi khfa canh chon 88 diém N sao cho hep ly.

11 - VAN pi PHAN NHOM pf TIfN HANH KHAO SAT

Trong thyc t& nhin dpng dwimg cong tin hifu trén to sé trl thére chuyén gia, do t&n 88 Iy
mfu Fm 1ém hon tin 8 cda nhitng bién d8i trén dwdmg cong tin higu md che chuyén gia cé thé
nhin dang dwge bing mit phidu Mn, nén ft khi ngudi ta 4p dyng nhém dic bigt, DB véi chc
phin nhém b&t kY, ngudi ta chn phdi gidi quyét hai vEn 4%, 46 1A 68 didm N trong m8i nhém va
88 didm téch Nt trong s8 d6. ,

1. Yéu cBu nh{n dgng ddng va 86 diém N

Nhin mét céch cdm €fnh, thl trwéc hét phin nhém phai ddm bao cho ta khd nllng nh§n dgng
dwgc moi bién d8i ddng quan tAm trén dwdng cong tin hiju d& dwee 16y m&u. Clin o vio cheh
phin nhém vi djnh 1y Shannon ngudi ta d& dwa ra gii han cda vige phin nhém (xem (3)). Tuy
viy do phdi xdc djnh diing t8n 8 Fynqz, nén cde gidi han d6 {t ¢8 ¢ nghia thyc t&. Xuflt phét tir
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thye té nh§n deng céc dudmng cong tin hidu trén co s& tri thtc chuyén gia, ching ta c6 ménh 4%
8l :

M¢nh &8 1. Chl c6 thé nhgn dang ddng mét dogn dms cong co sé bt ky nlu vh chl nfu
6 thé chia dogn 46 thAnh M nhém, véi M > 8.

Chitng minh: Theo djnh nghia céc dopn dwdmg cong co s gdm c¢é ba dang cén bdn 1A :
thing (hay d8u), I8i vA 16m nhu trén hinh 2.1, 4p dyng két qua ca mgnh 48 nhgn dang (xem [3]),
ching ta nhfn thly ckn phdi chia dwee {t nh&t hai nhém trén m8i dogn.

—

a) Thing b) Ldi ¢) Lém
Hinh 2. Céc dogn du'&ng cong co s&

Gid sk, gid tri hlm Delta tgi chc nhém dé Ty Fy vh F3, khi 46 dogn 8 1A :
- thing néu I} = F;,
- 18i néu Iy, > Iy,
15m néu F, < Fy,

Ngwoc lai, kh: chi chia dwge mét hay mét phén nhém, khi 6 chi cé th‘ nhin dwgc nhiéu nhit
mét gid trj f cda hdm Delta. Nhw viy khdng thé nhgn deng diing dwge doan duwdmg cong co sé
do méi quan h§ giira ham Delta vi dang cda cdc dogn duwdmg cong co s& 1a mét ~ mét.

Tuy nhién, do vi§c phin nhém dwgc thyc hign cho todn b cd dwdng cong, nén cé thé diu
nhém thi nhit trén dogn dwdng cong khéng tring véi diu dogn. Chtng ta d8 dang chéng minh
riing, ndu cé dd 88 diém ¢ phan ra M nhém trén doan dudmg cong bit ky, th 88 cé ft nhit M ~ 1
nhém n¥m hodn todn trong dogn 46 khéng phy thude vio diém blt d8u nhém. Ta cé didu chn
phdi chéng minh.

2. Khd niing loc nhilu va 8§ diém N

Thye té, trong qud trinh 1€y miu khé trénh khdi nhilu sinh ra do méi trwdmg. Ngudi ta
phdi xem xét hai lopi nhifu clin bdn 1A nhifu nglu nhisn vA nhiku cé chu ky (xem (2], [4]).

Nhilu ngllu nhién sinh ra, v{ dy do nhitng rung d8ng 48t xuflt hay bién 48 dét ngdt dign
thd trong th¥i gian rét ngkn v.v... Khi bién 49 nhibu 16n hon so véi bién 48 cye dai cila dudmg
cong tfn hi§u Byus. Trong phln ndy chdng ta s& khéng di vio cdc phwong phép loc nhiu chung
d& dugc cdng b8'd nhidu tdi ligu khéc, mh chi di shu vdo khd n¥ing khit nhibu cda phwong phép
Delta.

T chch x8y dyng hdm Delta, ty phuong phlp b khl ning 1Am gidm 'dnh hwdng cda nhifu
m@t céch tuyén tinh, MYt khéc, néu xdc suflt xuflt hign ngu nhién tai mot di€m b&t ky 1A P, xde
suflt t3n toi cda nhiBu ngku nhibn 1A Pn, gid trj dnh hwémg cda nhiu 1A A th) véi nhém N didm
ta cé ménh 48 sau.
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M¢énh &8 2. Qua bién 48 tgo béi hdm Delta, gid trj dnh hwdmg A cda nhifu nglu nhin
vd xée suflt t3n tpi cda nhiu dwge dénh gid béi cde cdng thic:

A < Bunu/N (8)
Pn=2P/N (6)

Chitng minh: Theo (3), gid trj cda f2 chi phy thude vao bidn d8 diém d%u vA cudi m8i nhém.
Gid stk nhibu nglu nhitn roi via difm dBu, khi dé (dfu / gid s gid tgj cé nhibu):

12} = (yn+n = yn)/N = (Bny + yusn = yu)/N = {2 + Bn/N
Khi nhi§u ngliu nhién roi vio diém cubi ta cé :

12, = (yu+n = ¥n)/N = (ynsn = Bn - y)/N = {2, - Bn/N
Nh vy, dnh hwéng cda nhiu v8 bien 48 1o:

{A| = Bn/N < Bunux/N

MUt khéc, do chch xBy dyng &nh xp fi, néu nhilu ngu nhién roi vio diém bt ky trong
nhém trir diém dlu vA cu8i dBu bj trigt tidu. Do khdng cé ring bude gl 48i véi vide chon diém
dRu tién cho vifc nhém diém, nén xéc sult 48 m§t diém ndo dé roi vho diu hode cusi nhém sé 1A
2/N. Nhu viy, xéc suflt t3n tol cda nhiBu nglu nhién qua phép bidn &l Delta 88 1d xéc sullt ¢
di%u ki¢n eau:

Pnw= P ,2/N

Tir ménh 48 2 chdng ta nhin thiy ring, néu cé thé chon s8 didm N trong m8i nhém cng 1ém, th
dnh hwéng v8 bién 4§ vi xdc sullt g¥p nhiu nghu nhidn cang gidm.

D&i véi nhiu ¢b chu ky, v dy nhu nhidu 50 He cda lwéi disn dan dyng, gid st ham gly
nhifu 13 nh(t). Gei didm diu nhém 1A & thdi diém ¢, thi thoi didm cudi nhém sé Ib ¢y + (N —1).T'm,
ta cé:

f2 = Yhen = yu = =nh(ty).yn + nh(ty + (N = 1).Tm).yuen
= nh(t1).(uhrw = k) = Ynen[nh(61) = nh(ts + (N - 1).T'm)]
= nh(t;).f2 + V’,+N.|nh(t1) = nh(t, + (N - IJ.Tm)]

Tir bidu thtrc trén ching ta nhén thfy ring chi trong trudmg hep diic bigt, khi (N ~ 1).Tm 1A bdi
cda chu ky nhifu, thl méi trift tiu dwoc tokn hang thi hai va

f2' = nh(t)).f2 véi nh(t)) = const.

Nhuw vy, ta cé thé két luin rlng phwong phdp Delta hiu nhw khéng cé kha ning loc nhiu
cd chu k¥ va ching phdi dwge xt 1y bing cdc phwong phap khée.
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8. Quan hé glira N, Nt va thii glan tinh todn

D¢ gidi quydt vEn &% phin nhém, ngudi ta cé thé chon Nt = N. Ditu 46 6 nghia 1a céhe
nhém hodn todn tdch nhau. Tuy nhién, cfing cé nhitng trudmg hgp budc phdi chon Nt < N. Vf
dy ta phdi chon Nt vira ¢ dép éng ménh &8 1, nhung véi Nt nhd sé bd qua khd n¥ng loc nhidu
nghu nhién, vA do v8y nén chon N > Nt dd 1én sao cho vin ddp tng duge ménh d% 1. Trong
trwdmg hop ndy rd ring cin cé sy chn nhilc khi chon céc gid trj N vd Nt sao cho hgp Iy, Nhw viy
thye t€ 68 t8n tai cdc cdch phén nhém tring nhau mét 88 didm.

Ngoai nhitng ring budc dwge xdc dinh trén co sd céc ménh d8 1 vA 2 cdn ¢ ring bude vé
thei gian tinh todn, dfc bi§t 1a khi cBn ddp dng th¥i gian thye. Néu goi thoi gian dé thyc hign
mdt phép tinh cdng hay trir 1a T}, cdn th¥i gian d€ thye hign mét phép tinh nhin hay chia 13 Tj,
thei gian 4é thye hién vige tinh gid trj cda £ v&i nhém thi k 1d T,, thl ta cé:

T, =Ty + Ty.(1 + [Ng/2]) = const

véi Ng 1a 88 lwgng ngudmg diing dé xdc dinh gid trj cda dnh xp f. Téng thri gian d€ thye hign
vife tinh gid trj cda f véitodn by ) o o cong véi Nd didm I Tte:

Ttc = T,,.[(Nd = N + Nt)/Nt| = Ty..(1 + [Nd - N)/Nt)) (7)

Nhw viy, th¥i gian tinh todn ty 1§ véi 88 lwgng nhém dwge phin va véi 88 lwgng diém Nd
lém (véi Nd nhd, thl thudmg ngudi ta cling {t cin quan tm téi thyi gian tinh todn), cé thé col
Id ty 1§ v6i Nd/Nt. Mit khéc ta cling phdi lwu ¢ ring cde tinh todn diing 48 thyc hién cdng vige
nh§n deng & giai dogn sau ciing ty 18 véi 88 lwgng gid trj cla f, v do d6 1a véi chinh Nd/Nt.
Chiing ta cé thé nh§n xét chung v8 vife chon cdc gid trj N vA Nt qua ménh d8 sau.

Ménh d8 8. Thei gian thye hign dnh xa f/ khéng phy thude vio #8 diém trong' m8i nhém
N, ma chi phy thudc vio 8 didm tdch Nt

Il - TOM LUQC

Nhirng vin d8 v8 vigc chon cdch phin nhém trong phwong phdp Delta ding dé nhin dong
chc dudng cong tin hifu dwge 1y mEu trén méy tinh & dwge trinh bdy mét céch twong déi tron
ven. D6 Id vige chon 88 diém trong nhém sao cho ddm bdo nhfn dpng duwge timg dogn dwémg cong
cin quan t&m. D6 1A § nghfa cia vifc chon nhém d8i véi vin 48 loc nhidu nghu nhién,

Trong thyc té, kh&ng ft nhitng dwdng cong tfn higu chn dwgc nhin dang véi thoi gian thye,
Trong truwdmg hep ndy yéu t8 thi gian trd thinh mét rdng bude niva d8i véi cdch chon nhém. Vi
ching ta d& chitng minh ring chon céc nhém triing nhau khéng IAm t&ng thii gian tinh todn chn
thiédt.

Nhén ngdy 20 - 9 - 1901

(Xem tiép trang 13)



