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PHAN MO DAU

I. TINH CAP THIET CUA LUAN AN

V61 su bung nd cua cac thiét bi dién thoai thong minh, ngoai thong tin thoai, mang
di dong dang dugc khai thac triét dé cho cac tng dung gia tri gia ting dya trén cac
dich vu nhu SMS, thong tin tryuc tuyén, tham chi c4 dich vy nhay cam la thanh toan
tryc tuyén bang dién thoai di dong. Pi kém véi tién ich 1a cac 16 hong bao mat, bao
mat cho thong tin thoai va dir liéu nguoi dung tir thiét di dong dén di dong hay dén
cac thiét bi dau cudi mang c¢d dinh. Pé tranh dugc cac nguy co nhu bi nghe 1én, 16 lot
thong tin, bi cai dit cac thanh phan gian diép dé phuc vu cho nhiéu muc dich bat hop
phap 14 nhu cau rat can thiét trong cac giao dich thuong mai va dic biét cap thiét trong
quéc phong, an ninh. Bao mat thong tin trong mang di dong dang trd thanh mdt chu
dé nong.

Mic du trong mang vién thong di dong GSM van dé bao mat va an toan théng tin
da co, da duoc xtr Iy qua qua trinh sinh khoa, xac thyc, ma hoa béng cac thuat toan
chuan (A8, A3, A5) tir cac thiét bi dau cubi (MS) dén cac tram gbc (BSS). Tuy nhién,
dén phan mang 15i thi cac thong tin thoai van 1a rd, hon nita véi cac thit doan danh
cip tinh vi va tn cong nghé cao ciia cac ddi twong thu dich thi giai phap va thuat toan
xac thyc, bao mat trén 14 khong bao dam va khong triét dé cho muc dich bao mat
thong tin thoai, dit liéu tir ddu cudi dén dau cudi di dong (MS to MS) hay dau cubi di
dong dén cac dau cudi cd dinh (mang PSTN) trong cac giao dich quan trong, dic biét
1a trong qubc phong, an ninh. Pay chinh 13 muc tiéu va 1a tinh cap thiét ciia Luan an
dat ra.

Néu nhu tat ca cic ha ting mang vién thong di dong duoc phi kin séng 3G/LTE
va mang truyén dan trén nén tang IP, cac giao dich thong tin thoai, dir li¢u truyén dan
trén cing nén tang nay thi van dé bao mat thong tin thoai va dit lidu tir dau cudi dén
dau cudi s& co ban thuan loi, thuc hién dé dang. Tuy nhién, thuc té mot s6 mang vién
thong di dong & cac Ving khong phai chd ndo ciing di dugc phu kin thé hé 3G/LTE,

dic biét & Viét Nam ty 16 nay con nhiéu. Ngoai ra, trong mot sd giao dich thuong mai



va dic biét 1a trong qudc phong, an ninh thuc té van dang trién khai ca mang truyén
dan PSTN, cac mang Satellite, song ngin, séng cuc ngan HF/VHF/UHF, vi nhiing
mang truyén dan nay mac du bang théng khong lon, nhung c6 tinh co dong cao dé
trién khai, 1ap dit; d6 bao mat cao. Tur thuc tién ndy, doi hoi cAn phai co giai phap va
k¥ thuat dé dé dang két ndi lién thong — bao mat thong tin thoai va dir liéu cho da moi
truong truyén dan trén dé phuc vu cho muc dich quc phong an ninh va mét sé giao
dich thwong mai dic biét. Py chinh 1a muc tiéu, giai phap Luan 4n can nghién ctru
giai quyét.

Ngoai ra, thudt toan sinh khoa, xac thyc va ma hoda la cac thuat toan chuén, khong
da manh dé tin tuéng dung cho muc dich bao mat thong tin giao dich thuong mai chir
chua noéi dén thong tin qudc phong an ninh ciia qudc gia. Tir d6 dit ra 1a cin nghién
ctru, xay dung thuat toan da manh dé bao mat dir liéu va tin hiéu thoai & muc cao
nhit, nhung thudt toan d6 dd phurc tap thuc thi twong doi dé phu hop véi ung dung
cai dit, chay trén thiét ké co tai nguyén han ché. Pay ciing 1a bai toan kho, vi vira
phai bao ddm do mat & muc cao nhat, do phuc tap tinh toan cao nhét, vira phai bao
dam tai nguyén han ché khi thyc thi thuat toan.

Mic du dd c6 nhiéu nghién ctru, nhiéu san pham bao mat thong tin thoai ctia cac
hang trén thé gidi (nhu Crypto AG, Motorola, Rohde & Schwarz, Secfone, Go-Trust,
GSMK CryptoPhone,..) vé chu dé nay, nhung méi chi dimg lai & pham vi trén thiét
bi dau cubi cing cong nghé truyén dit liéu qua cac kénh truyén di liéu (nhu 3G/LTE,
CSD,..) va trén mot mang truyén dan (hodc lién mang thi lai can mot hé thong gateway
chuyén d6i chuyén dung cho cac mang céng nghé khac nhau). Do vay, can phai giai
quyét bao mat thong tin thoai va dit liéu duogc xur 1y tir cac thiét bi dau cubi cong nghé
khac nhau, truyén dan lién thong qua cac mang cong nghé khac nhau, Va nhw vdy chii
de nghién cuu vée bdo mdt thong tin thogi (md hoa dir liéu s6 tin hiéu thoai) trén hé
thong cdc thiét bi ddau cudi bat ky va truyén lién mang truyén dan van la linh viee mo
va s€ ¢ nhiéu cdch tiép can, gidi quyét khdc nhau. Xuat phat tir nhitng 1y do phan
tich & trén, Nghién ciru sinh da quyét dinh chon d¢é tai “X4ay dung thuit toin truyén

dir li¢u qua kénh thoai ciia mang GSM va g dung thuit toan sinh so gia ngiu



nhién dya trén cic diy phi tuyén 16ng ghép dé bao mit dir li¢u” cho luan an cia

minh.

II. MUC TIEU, POI TUQNG, PHAM VI VA PHUONG PHAP NGHIEN CUU
2.1.Muc tiéu nghién cvuu

C6 03 muyc ti€u chinh cua luén an, do la:

- Nghién ctru, dé xuat giai phap truyén dir liéu thoai ma hoa hiéu qua trén céac
thiét bi dau cudi di qua cac kénh thoai analog trén cac lién mang truyén dan vién
thong khac nhau; thuc hién ma hoa bao mat thong tin thoai S6 thong sudt tir thiét bi
thoai dau cudi dén dau cubi trong cac dich vu thoai va dir liéu mang di dong cac thé
hé 2G/3G/LTE va tir ddu cudi trén mang di dong dén may dién thoai dau cubi mang
PSTN dam bao chat luong tiéng néi & mirc chap nhan duoc sau giai ma, va phd tan
tin hiéu tiéng noéi sau ma hoa twa nhiu tring.

- Lua chon va xay dung thudt toan dam bao d0 tin cdy, tinh kha thi vé kha nang
thuc hién thoi gian thyc thuat toan trén cac thiét bi c6 tai nguyén tinh toan han ché,
nhung phai bao dam dg phurc tap tinh toan dé dat duoc PO mat & murc cao nhéat.

- Sir dung Kit thuc thi m6 ta thuat todn dé chirng minh do an toan, bao mat cia
thuat toan duya trén cac dic tinh twong quan, ddng sic xuat, phan bd nhon cia diy gia
ngau nhién tao ra. Thuc nghiém thuat toan xir 1y nén tinh hiéu tiéng noi, ma hoa va
diéu ché dé truyén dir liéu dd dugc ma hoa bao mat truyén qua kénh tiéng noi mang
GSM, khong yéu ciu thay ddi cdu hinh thiét bi dau cudi dang dung, khong yéu cau
thay d6i dich vu mang vién thong dang dung, dam bao tinh dich vu lién mang. Ghép
ndi cac két qua nghién ctru dong goi thanh san pham hoan chinh.

2.2.Déi twong nghién ciru

Péi tugngnghién ciru ciia Luan an nay giéi han ¢ cac giai phap truyén dit liéu sb
tin hiéu thoai bao mat qua kénh truyén analog bao gém:

(i) Nghién ctru Tong quan vé cac mang vién thong di dong: co ché dang nhap, xac

thuc, bao mat, cac thudt toan ma hoa tiéng néi (Vocoder), dé xuat lya chon mot thuat



toan nén thoai dé 4p dung trong cac kénh truyén bang hep, yéu cau do tré thap, tinh
toan thoi gian thuc.

(i) K§ thuat xir Iy tin hiéu thoai va mé hinh mang, cac thong sé k thuét, dic trung
co ban ctia cac thanh phan mang danh cho xt 1y va truyén dan tin hiéu thoai qua mang
va lién mang: Nghién ctru mot sé phuong phap diéu ché va diéu ché dé tao tin hiéu
v6i pho tan va dic tinh gan tin hiéu tiéng néi cia con nguoi dé truyén qua kénh thoai
mang GSM va lién mang GSM/PSTN/HF/VHF...

(iii) Phén tich, x4y dung va st dung diy tao sd twa ngau nhién phi tuyén 2 chiéu
theo kiéu 10ng ghép dé ma hoa dir lidu:

Nghién ctru cac phuong phép sinh ddy 1ong ghép va 1ong ghép phi tuyén, liwa chon
mot phuong phap thuc hién 16ng ghép phi tuyén da chiéu, dé tao ra diy gia ngiu
nhién véi cac thude tinh c¢6 d6 dai du 16n, do phirc tap cao, ham twong quan tot va
thuc thi nhanh trén cac vi xir 1y c6 tai nguyén han ché.

(iiii) Tong hop cac két qua nghién ctiru, md phong va dong goi thanh san pham bao
mat thoai hoan chinh c¢6 thé chirng minh & mic Demo san pham trén cac kénh Voice
ctia cac thiét bi dién thoai thong thudng dé kiém ching chat luong tiéng noi sau giai
ma va chit lugng ma xem trén may phén tich phd sau ma hoa.

Pham vi nghién cviru

(i) Nghién ciru vé cac phuong phap nén va cac bd ma tin hiéu tiéng noi; nghién
ctru vé dic diém co ban mang truyén dan thoai (tap trung vao mang PSTN va GSM);

(ii) Nghién ctru vé phuong phap diéu ché/giai diéu ché di lidu;

(iii) Nghién ctru mé hinh toan hoc, xay dung diy PN phi tuyén c6 cau trac 10ng
ghép hai chiéu. Panh gi4 dic tinh cia ma phi tuyén 16ng ghép theo cac tiéu chi ham
tuong quan, kich thudc tap hop, kha ning ngau nghién hoa, tdc do sinh va ma hoa dir

liu trén vi x1r 1y ¢o tai nguyén han ché.



Phwong phap nghién ciru

Phuong phap nghién ctru 1a dya trén cac tai li€u, cong trinh nghién ctru da cong
bd; Dua trén cac nghién ciru tong hop va phan tich cac két qua ctia nhdm nghién ciru
vé hién trang mang vién thong di dong tai Viét Nam, dic tuyén tiéng noi ciia con
nguoi, vé mot sd giai phap bao mat thong tin thoai hién nay, so sanh véi thuc té ha
tang vién thong, thuc té vé yéu cau bao mat ¢ Viét Nam va trén thé gidi. Budc dau
tién, dya vao cac cong cu toan hoc, cong cu 1ap trinh mo phong 1y thuyét MATLAB
trén PC dé tao 1ap bo nén, diéu ché bién d6i dir liéu twa ngau nhién thanh tin hiéu co
dic trung va pho tan tya tiéng noi theo cac phuong phap ma ma hoa; nghién ciru Ham
vét va bién doi d dé xay dung cau tric tong quat ciia ma phi tuyén da cip theo kiéu
16ng ghép va danh gia cac dic tinh co ban theo céc tiéu chi trai phd. Budc 2, dua vao
cac két qua mo phong trén mdy tinh PC di dat duoc chuyén hoa sang thuc thi trén
chip vi xtr Iy DSP hodc ARM dé nén tin hiéu tiéng no6i, ma hoa va diéu ché dé bién
d6i lai thanh tin hi¢u c6 dic trung tya tiéng noi truyén trén cac mang truyén dan. Cac
két qua nghién ciru dugc kiém ching bang mo phong va két qua bang san pham thir

nghiém duoc trong thuc té.
Y nghia khoa hoc va thuc tién

Vé mit 1y thuyét, luan an di dé xuat phuong phap va xay dung mot ky thuat vé
diéu ché dit liéu tua ngau nhién (dir liéu thoai sau nén da dugc sir dung diy phi tuyén
16ng ghép 2 chiéu ma hoa) thanh dang tin hiéu twong tw c6 cau triic pho tan gan giong
v6i pho tan cua tiéng noi dé tranh dugc cac bo phan tich va nhan dang tiéng néi trén

cac thiét bi ddu cudi va trén cac thiét bi trong hé théng mang vién thong.

Vé y nghia thyc tién, két qua nghién ciru dd dwa ra mot phuong phép, mot san
pham hoan chinh dé bao mat thong tin thoai bang k¥ thuat s6 di dugc dua vao ung
dung trong nganh Co yéu ciia Viét Nam. Hudng phat trién tiép c6 thé xay dung giai
phap truyén dir liéu mat duge dau dudi dang tin hiéu gia thoai truyén trén cac moi

truong khac kénh GSM nhu PSTN, HF, Satellite, cic mang IP,..



III. CAC KET QUA NGHIEN CUU DA PAT PUQC

Céac dong gop khoa hoc cua luan 4n bao gdm:

(i) Pé xuat mot kién trac 1ong ghép méi cho m-day 1ong ghép (modt phuong phap
moi sinh diy 16ng ghép va 16ng ghép phi tuyén, dugc cong bd chi tiét trong bai bao
[1b]) va xay dung giai phap bao mat di liéu thoai st dung thuat toan sinh s gia ngau
nhién dya trén diy phi tuyén 1ong ghép kiéu méi;

(i) D& xuat thuat toan cai tién toc d6 nén, nang cao chat luong ma thoai MELPe
(c6 cong bd cac ndi dung lién quan trong bai bao [2b]);

(iii) P& xuat thyc hién k¥ thuat diéu ché va giai diéu ché dé truyén di liéu thoai da
duoc ma hoa bao mat qua céac thiét bi dau cudi va mang (lién mang) truyén dan va dé
xudt giai phap truyén dir liéu thoai bao mat qua kénh thoai GSM, cac kénh hitu tuyén
va vo tuyén bang hep khac (dugc trinh bay cu thé trong bai béo [3b]).

(iiii) Tuy bién rat gon dé dua duoc cac chuong trinh thuc thi nén, diéu ché
bién ddi tin hiu s6 viét md phong trén may tinh vao Vi xtr Iy STM32 chay day du
cic tinh ning nhu trén mdy tinh ma van dap g xur 1y thoi gian thuc (43 dong goi
duogc thanh san pham).

IV. BO CUC CUA LUAN AN

CAu trac cta luan 4n gdm co ba chuong véi cac ndi dung duoc tom tit nhu sau:

Chwong 1:Tong quan vé van dé nghién ciru, Chuong nay trinh bay tong quan:
vé mang vién thong di dong GSM; vé an toan, bao mat va mot sd diém yéu dé bi tAn
cong trong mang GSM, phén tich k¥ vé van dé x4c thuc va bao mat trong mang; trinh
bay vé dic diém tin hiéu tiéng néi co ban trong mang GSM va mé hinh tao tiéng noi;
vé ma hoa, nén, truyén tin hi¢u thoai qua cdc mang khéc nhau; dua ra cac dinh hudéng
giai quyét cho giai phap truyén dir liéu thoai ma hoa hiéu qua trén céc thiét bi dau
cudi di qua cac kénh thoai analog trén céac lién mang truyén dan vién thong khac nhau
va giai phap dam béo tinh bdo mat cao thong tin thoai thoi gian thuc, khong yéu cau
thay doi cdu hinh thiét bi dau cudi dang ding, khong yéu cau thay doi dich vu mang

vién thong dang dung, dam bdo tinh dich vy lién mang



Chuwong 2: D& xuit thuit toan nén, dé xuat giai phap bao mit va truyén dir
liéu qua kénh thoai GSM. Chuong nay trinh bay mot s6 giai phap bao mat tin hiéu
thoai di dong pho bién, dé xuét giai phap bao mat t6i wu nhat; lya chon bo ma hoa dy
doan tuyén tinh kich thich hdn hop MELP, mé ta, phan tich cai tién thuat toan va dé
xuat bd ma hoa MELP cai tién toc do thdp vao Gng dung thuc té dé nén thoai. Trinh
bay cac giai phap truyén dit liéu qua kénh thoai GSM bao gdm céac van dé vé han ché
kénh thoai GSM va cic kénh truyén bang hep; Dé xuat mot giai phap diéu ché va giai
diéu ché dé truyén dir liéu qua kénh thoai GSM va cac kénh truyén thoai bang hep
n6i chung; thyc nghiém mé phong chimg minh chat luong tiéng noi tai tao sau truyén
trén kénh va gidi mat.

Chwong 3: Biao mit dir liéu sir dung thuit toan sinh sé gia ngiu nhién dua
trén day phi tuyén hai chiéu 16ng ghép. Chuong nay téng quan vé m-diy; cau tric
va cac tinh chét diy 16ng ghép (tuyén tinh va phi tuyén); thuc hién danh gia ma phi
tuyén 16ng ghép cu thé theo kha nang “ngau nhién hoa” tin hiéu ctia ma. Panh gia cac
phuong phép sinh diy 16ng ghép va 1ong ghép phi tuyén; Dé xuat mot phuong phap
tinh toan t6i wru dé sinh diy 16ng ghép néi chung cho cac thiét bi co tai nguyén han
ché; danh gia ching minh su t6i wu ctia phuong phap méi dé xuat. é xuat ang dung
day 1ong ghép phi tuyén trong k¥ thuat mat ma va thyc thi thuat toan ma theo cau triic
hai cap. Thuc thi thuat toan nén/giai nén Melpe va cac thi tuc ma mat/giai ma bang
Vixu ly ARM;

Két luan: Phan nay tong két cac két qua chinh da dat dugc va hudng phat trién

tiép theo tir luan an nay.



CHUONG 1: TONG QUAN VE VAN DE NGHIEN CUU
Tém tit: Trong chuong nay, trinh bay nhiing thong tin co ban lién quan dén hé
thong thong tin di dong; vé van dé an toan va bao mat trong mang GSM; vé cac
phuong phap ma thoai néi chung va ma (nén) trong hé thong GSM; ca nhiéu phuong

phap luan dugc tom luge trinh bay nhu dong luc ciia van dé nghién ctru.

1.1. Tong quan vé mang vién thong di déng GSM [1][2][29][34]

Céu tric mang di dong GSM duoc chia thanh 3 khdi chinh gém: Hé théng con MS,
Hé thdng con tram gbc BSS (bao gdm BSC va cac BTS), Hé théng con mang 16i NSS;
ngoai ra con c6 3 16p giao dién: Um (giao dién vo tuyén gitra MS va BTS), Abit (1a
giao tiép gitra BTS va BSC) va A giao tiép gitra BSC va MSC (nhu Hinh 1.1 dudi).
Trong d6, khdi MS (bao gdm thiét bi may dién thoai ME va Module SIM); khbi BSS
(gém cac BTS va BSC) 1a phan két ndi cic mobile user véi mang 16i GSM; khéi
mang 15i (gdm NSS va NMS), NSS 12 mot tong dai day du cac kha ning dinh tuyén
cac cudc goi gitra cac mobile user qua BSS va mobile user — thué bao PSTN qua MSC
va GMSC; NMS la hé théng con thyc hién quan ly, gidm sat cac chirc nang, cac thanh

phan cua toan mang. Céac khoi con co ban cua héthong dugec mo ta dudi day:

Céu triic co bin mang GSM:

.

ME | . ‘
s BTs

Mobike Base Station SubSystem Network Switching SubSystem
Station

] Um Abit

Hinh 1.1. Céu tric co ban mang GSM
- Module nhan thyc thué bao — SIM: Subscriber ldentity Module
Module nay thyc chit 1a mot Smart Card chua cac thuat toan A3/8, s6 IMSI, khoa
bi mat Ki va s6 dién thoai.

- Thiét bi dau cuéi — ME: Mobile Equipment



Thiét bi nay hoat dong doc 1ap (twong dbi) voi cac thiét bi mang truyén dan, nd
chua thuat toan A5 va no chi c6 thé két ndi véi mang GSM khi n6 phai c6 SIM va né
khong bao gio biét duoc thuat toan A3/8 va Ki trén SIM.

- Tram thu phdt goc — BTS: Base Transceiver Station

BTS 1a thanh phan mang thong tin di dong mat dat phuc vu cho cac MS (Thiét bi
ME khi dugc gin Module SIM). Cac tram goc sé& két ndi lién thong cac Cells song vo
tuyén trong khu vuc va cac tram géc dugc két ndi dén tram diéu khién MSC cua vung
do.

- Tram diéu khién géc — BSC: Base Staition Controller

BSC thyc hién chirc nang diéu khién diéu khién cac BTS quanh né, nhu: diéu khién
cong sudt phat cho cac MS; cdp phat tan s kénh cho cac BTS va MS; diéu khién
nhay tan sd cua cac MS khi b nhiéu...

- Trung tém chuyén mach — MSC: Mobile Switching Center

MSC 12 mét nét (node) diéu khién mot s6 BSC. N6 1a thiét bi trung tAm va c6 nhiéu
churc nang trong hé théng GSM.NO thuc hién chuyén mach, xac thuc, dang ky va lién
két gitra cac ndt (node). N6 con duoc két nbi dén mang PSTN.

- Dang ky Thué bao — HLR: Home Location Register

HLR 14 co s¢ dir li€u cua céac thué bao di dong duogc tao ra, bi chan hay bi x6a boi
nha cung cp dich vu mang. HLR chira tat ca cac thong tin 1au dai ciia cac thué bao
cling nhu cac dich vy, gidi han dich vu thué bao dugc phép str dung, bao gém: So
IMEI, ban copy Khoa bi mat Ki, VLR hién tai cua thué bao va cac dich vu hién tai
cua thué bao di dong.

- Dang ky dang nhdp vung - VLR: Visitor Location Register

Ciing 1a mot CSDL dé chura thong tin thué bao cua di dong. Thong tin trong VLR
cho biét vi tri hién tai, trang thai cia MS... va VLR cung cap dir liéu ctia thué bao dé
xt 1y cudc goi bat ctr khi nao duoc yéu cau. Thong tin trong VLR duoc cap nhat
thuong xuyén theo Cell MS dang tham gia, viéc cdp nhat thong tin trong VLR xay ra
khi: MS bat may, MS di chuyén sang BTS hay BSC khéc va theo dinh ky;

- Trung tdm xdc thuc thué bao — AuC: Authentication Center
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AuC c6 chirc ning két hop véi HLR dé cung cp thong tin cho VLR céc thong sb
xéac thuc mot thué bao MS c6 quyén truy nhdp vao mang hay khong va cac quyén
dich vu cta no, sinh sé ngau nhién (RAND). Co s¢ dit lidu ctia AuC luu cac thong
tin: danh sach cac thiét bi ME chuan qudc té (IMSI), cac thong tin xac thuc nhu khoa
bi méat Ki, thong tin dinh danh Vung LAI (Location Area Identity), dinh danh thué
bao tam TMSI - Temporary Mobile Subscriber Identity,

- Ddng ky nhdn dang thiét bi - EIR: Equitment Identity Register

EIR luu giit mot CSDL dé giam sat toan b cac ME ¢6 IMSI st dung trén mang

mang d6 (mdi mang chi c6 mot EIR).

1.2. An toan, bao mit va m¢t so diém yeu veé van deé nay trong hé thong mang

GSM /2,3,6,7,16,29,31,34]

Ban dau GSM duoc dy dinh 1a mot hé théng khong day an toan. bé dat dugc muc
dich nay, hé thong da duoc xay dung bang cac co ché:

* Xac thuc nguoi dung, xac thyc dich vu di dong

« M3 hoa cac thong tin trao doi trén moi trudng radio.

Xac thuc nguoi ding bang cach sir dung khoa duge chia sé trude, ¢6 co ché ma
héa qua mang. GSM dé bi tan cong boi cac loai tan cong khac nhau, méi loai déu
nhim vao mot phan khac nhau cta mang, GSM chi xac thyc nguoi ding véi mang.
Mo hinh cung cdp bao mat va xac thuc, nhung khong c6 kha ning chéng chdi bo.
GSM sur dung mot sb thuat toan AS5/(1, 2, 3) chi dé mi hoa dam bao bao mat thoai
trén kénh vo tuyén, trong khi giong noi dugc truyén ¢ dang rd qua mang 15i du6i dang
PCM va ADPCM [31]. A5 c6 mdt s6 han ché vé mat ma va khong thé lién lac an toan
[2][6]. Do @6, A5 khong thé cung cip bao mat cudc goi thoai hoan toan cho khach
hang GSM. Hon nira, nguoi dung khong c6 quyén kiém soat bao mat ma hoa dugc

kiém soat boi nha cung cap mang va nha san xuét dién thoai di dong
1.2.1. Nguyén ly xdc thwc va bdo mdt trong mang di dong GSM

Mt sb chic nang xac thuc va bao mat da dugc tich hgp vao GSM, bao gém:

> Xac thyc chil thé thué bao dang ky
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Str dung ma héa dé dam bao bi mat thong tin trao doi

Bao v¢ dinh danh cua thué bao

SIM (M6 dun nhan dang thué bao) dugc bao vé bang ma s6 PIN

SIM bi nhan ban khong duoc cho phép gia nhap mang dong thoi voi SIM gbe

YV V V VYV V

Ma sb bi mat Ki duoc bao vé an toan.

Hé thdng GSM dam bao an toan bao mat bang nhiéu thuat toan véi cac loai thiét
bi khac nhau. 2 nguyén ly chinh 1a xac thyc va ma hoa dir liéu nguodi dung:

o Xdc thuc nguoi dung dang nhdp mang (Au)

Trong mang GSM, vi¢c xac thuc thué bao (xac thuc nguoi st dung) 1a dau tién,
tiép sau la xac thuc cac dich vu da duoc chép nhan. Vi mdi MS khi khoi tao 1an dau,
hoic chuyén dén ving BS méi, né s& yéu cau BTS céap kénh truyén, khi co kénh
truyén da thong nhat voi BTS, no s& guri yéu cau cap nhat thong tin mang ving hién
tai dén MSC qua BSC. MSC s& tra 15i néu MS xac thuc dung.

Trong toan bd qua trinh xéac thyuc, c6 3 nhan t6 chinh d6 1a: MS, MSC/VLR va
HLR/AuC nhu trong Hinh 1.2 [3].

AuC/HLR MSC/VLR RIS

RAND Ki II

Yy l v vy A A 4
[as | || a3 ] [as | [ a3 ]
A v v v
Ke SRES KEe SRES
i

Auth Reject  &uth Accept

Hinh 1.2. Qua trinh xac thwe trong mang GSM
Qua trinh xé4c thyc cy thé nhu sau: dau tién MS giri s6 IMSI (lay tir SIM) giri dén
VLR qua tram BTS gan nhat, dé bao hiéu can xac thyc. VLR s& giri IMSI dén trung
tam HLR/AuC. Trung tdm HLR/AuC dya trén s6 IMSI s& tra co s& dit liéu tim ra
khoa bi mat Ki ctia IMSI, tiép d6 st dung thuét toan xac thuc (A3) va thuat toan sinh
khoa ma (A8) dé tao ra khoa ma theo phién (Kc) va két qua ky duogc goi 1a SRES.
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Tiép theo, HLR sinh ra mét sb ngau nhién RAND 128bit va gtii bd 3 (Kc, SRES,
RAND) vé VLR. Tiép theo, VLR lay s6 ngau nhién RAND 128bit giri lai cho MS dé
yéu cau MS tinh ra sé SRES va gtri quay trd lai. Cling tir khoa bi mat Ki trén SIM va
RAND nhén dugc, bang cac thuat toan A3/8 MS tinh ra Kc va SRES. MS s& ding Kc
1am khoa cho phién lam viéc va giri SRES quay vé VLR dé xac thuc. VLR s& so sanh
2 SRES cua MS va HLR, néu trung nhau thi xac thuc thué bao thanh cong, va MS s¢€
dugc cap quyén truy nhap mang.

Tuy nhién néu nhin qua co ché xac thyc trén, c¢6 thé thay sé IMSI duoc gii trong
budc mdt cua qua trinh xac thuc, va néu léiy duoc s6 nay, hacker xem nhu s€ c6 dugc
50% thong tin can thiét dé nhan ban SIM (s6 con lai can lay 1a ma Ki).

Xdc thyc nguoi dung va cdc dich vu, ma hoa dir liéu thoai, tin nhdn va Data trong
cdc thé hé véi cac cong nghé khic nhau cia mang GSM la ¢é khdc nhau, nhw xdc
thuwee va md héa trong ché dg UMTS la khdc so véi trong GSM/GPRS. Tuy nhién trong
khuén khé ciia Ludn én chi tdp trong vao cong nghé chuyén mach kénh (CS) dé truyén
tin hiéu thoai trén kénh GSM, nén ngi dung Ludn an sé khong phdan tich cac ché dé
khac.

o Ma héa dit ligu ngwoi diong nhw thogi, tin nhin, Di ligu nguwoi ding

Nhu trén da mo ta, khoa phién ma héa Kc dugce su dung cho ca MS va hé théng
mang 13i st dung thuat todn ma hoa A5 dé mé/giai ma thong tin dit liéu ngudi dung.
Vi¢c ma hoa nay khong duogce thuc hién boi Module SIM vi khong du nang luc xu ly,
ma dugc thuc hién trén ME. Hinh 1.3 [3] dudi day mo ta toan bd qua trinh xac thuc,
sinh khoa va ma hoa:

Networrk
1. Thi& 13p k&nh

SimM
2. TMSlor IMSI

- <

Ki RAND

2zsbit 2zEbit 3. Gl RAND y/c xac thyc bdl A3 T RAND va KI, chay A2 sinh SRES

4. Phan h3l SRES 32bits

>
ez e [ -
=mes 7 Y A 4

Ki RAND

" Fn 22bits

F_l44pit
A

Kc (64)

AS

En DO I§u 63 m3

Y

-

Fn Kc(84)

F_la4bits
AS

Rand KI

A8

Hinh 1.3. Toan b§ qua trinh xac thuc, sinh khéa va ma héa trong mang GSM
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Trwde hét tim hiéu vé cdc thudt todn A3, A8, A5:
- Thuat toan A3 [3]: So dd khdi thuét toan A3 nhu Hinh 1.4

Ki {128 bit), R&ND (128 bit)

L

A3 L »  SRES (32 hit)

Network MS SIM

1. (Channel establishment)

2. Identity (in initial message) (TMSI or IMSI)

A

3. AUTHENTICATION REQUEST (RAND) 4. RUN GSM
ALGORITHM (RAND)

Y

L

5. RESPONSE (SRES,Kc)

6. AUTHENTICATION RESPONSE (SRES) <

A

Hinh 1.4. M6 hinh thuit toan A3
So d6 thuc hién cac ham chirc ning trong thuat toan A3 dé sinh ra SRES (32bit)
duoc mo ta trong Hinh 1.5, dudi day:

Nhin vao lwoc dé thudt todn trén thi thdy thudt todn rat dé bi pha.

RAND; 64bits (Left) 64bits (Right)
LHS XORED - i
32 bits left 32 bits left
A A
SRES
LHS XORED
Ki 64bits (Left) 64bits (Right)

Hinh 1.5. So' @6 khéi ciAc ham thye hién thuit toan A3
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Ki —

A8 — .
RAND _challenge (128 bit) Kc (64bit)

Hinh 1.6. So' @6 khdi thuit toan ma A8

Ke (64bit)y ~ ——»

A5 114 bit Ciphertext

22bitFn —

114 bit Plaintext

Hinh 1.7. So' dd khéi thuit toan A5

- Thuat toan AS: So d6 khéi thuat toan AS nhu hinh 1.7

A5 12 mot thuét toan ma dong (tao ra ddy sé gia ngdau nhién chat lwong tot dé XOR
véi dit liéu can md — Sor @6 khoi thudt todn AS nhiwe Hinh 1.7), st dung cac thanh ghi
dich phan hdi tuyén tinh. C6 nhiéu cach thyc thi thuat toan A5, nhung hau nhu chi co
4 phién ban A5/0, A5/1, A5/2 va (A5/3 str dung cho cac hé thong 3G), trong d6 A5/1
duoc biét 1a manh nhat va sir dung rong ¢ Chau au va chau my, A5/2 duoc str dung &
Chau A. Trong A5/1 sir dung 3 thanh ghi dich LFSR (R1, R2, R3 hay goi la m_diy)
nhu Hinh 1.8 dudi:

—eppe] | o [ [ [ [ [ []]]of

;

MDD A
L/

ANV NV
Clock

output ~—D~—pd [[[T[TTTR [TTTTTTT]

9

221

2

Illllllll@l?llllllor*_

DU

[ n)
3/

I R4 A
N aaN vy

Hinh 1.8. So' @6 khoi thuit toan ma dong A5 sir dung 3 thanh ghi dich phan hoi
tuyén tinh LFSR
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Nhu hinh trén, 3 thanh ghi dich phan hdi tuyén tinh trén c6 do dai lan luogt 1a

R1=19, R2=22 va R3=23 bits va twong ung v&i 3 biéu thirc trong Bang 1.1 sau:
Bang 1.1. Cac thanh ghi LFSR

LFSR D¢ dai Pa thirc phan hoi Bit nhip Khai thac
(bit) bit
1 19 T+ 41 8 13,16,17,18
2 22 2 x4 10 20,21
3 23 PRAEID ST LU | 10 7,20,21,22

Nguyén tic hoat dong bd 3 thanh ghi dich phan hdi tuyén tinh hoan toan theo
nguyén tic hoat dong ctia cac m_day. O mdi thanh ghi dich sau mdi chu ky xung
nhip, cac bit ¢o6 trong s6 1a “1° cua da thirc (bit khai thac) dugc XOR véi nhau va két
qua luu vao bit c¢6 trong sb thap nhat (bit Zero). Ca 3 thanh ghi déu c6 1 bit ¢6 dinh
(thanh ghi 1 la bit thuw 8 (cl), thanh ghi 2 va 3 la cac bit thu 10 (c2,c3), goi la
“Clocking bit”) dé x4c dinh dich hay khong dich, phu thudc vao sy tinh todn cua ham
chtrc nang trong khdi Clock, néu dich thanh ghi thi toan bd thanh ghi d6 dugc dich
trai 1 bit, gia tri bit 0 dugc bu bang bit tir khdi Clock. O mdi chu ky xung nhip, tir gia
tri cac bit & vi tri ¢/, ¢2, ¢3, ham chiic ning theo cong thirc (1.1) [7] dé tim ra gié tri
bit (goi la majority bit)

cl*c2@c2*c3@Pecl *c3 (1.1)

Can cu vao cl, ¢2, ¢3 va gia tri Majority bit, cac thanh ghi rl, 12, r3 s€ duoc

dich twong tmg véi gia tri ¢i= Majority bit [7]. Cu thé cac thanh ghi duoc dich theo
bang trang thai Bang 1.2 sau:

Bang 1.2. Bang trang thai thuc hién cong thire (1.1)

Majority
cl 2 c3 bit rl 2 r3
0 0 0 0 Y Y Y
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0 0 1 0 Y Y N
0 1 0 0 Y N Y
0 1 1 1 N Y Y
1 0 0 0 N Y Y
1 0 1 1 Y N Y
1 1 0 1 Y Y N
1 1 1 1 Y Y Y

Qua trinh thuc thi A5 trong 4 budc nhu sau:

- Ca 3 thanh ghi (R1, R2, R3) duoc xda vé 0, tiép theo xur Iy song song 64bit
Kc tr LSB — MSB (Least Significant Bit — Most Significant Bit) dugc XOR véi bit
LSB cuia ca 3 thanh ghi (nhu vay can 64 chu ky xung nhip, khong sir dung xung diéu
khién & pha nay).

- Gia tri hién tai ciia 3 thanh ghi & budc trén, tiép tuc xir Iy song song véi gié tri
22bit Fn tr LSB — MSB duogc XOR véi bit LSB cila ca 3 thanh ghi (nhu vay can
thém 22 xung nhip, khong str dung xung diéu khién & pha nay). Gia tri cac bit nhi
phan hién tai trén ca 3 thanh ghi niy goi 14 trang thai khoi dau ctia cac thanh ghi dich.

- 3 thanh ghi duoc kich hoat thém 100 xung nhip va c6 cac xung diéu khién,
nhung khong str dung céc gia tri dau ra.

- 3 thanh ghi dugc kich hoat thém 228 xung nhip véi cac xung diéu khién, twong
g dau ra s& ¢ 228 bit. 228 bit nay dugc chia lam 2 cho mdi chiéu/kénh (114bit cho
ma hoa chiéu MS-BTS, 114 bit cho giai ma chiéu BTS-MS). Tin hiéu trén kénh GSM
dugc t6 chuc theo chudi, trong mot kénh va theo mot hudng, mdi mau duoc gui sau
moi 4,615 mili gidy chira 114 bit thong tin.

1.2.2. Diém yéu ciia bio mdt trong mang di dpng GSM va mjt sé tin cong phd
bién:

Nhu trén da dé cap, mang di dong GSM khong phai 1 mot hé thdng an toan hoan
hao. Do dic thu ctia co ché dung song radio dé lién lac giita thiét bi di dong dau cudi

va tram thu phat song, mang GSM c¢6 nhitng rii ro bao mat nhu:
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« Tan cong gia mao thiét bi di dong dau cudi

* Nghe lén cudc got

« Tén cong dung phuong thirc nguoi thir ba ding gitra (man in the middle attack).

Béng cac thuét toan A3/A8/A5 dé: xac thuc, ma hoa céc thong tin. Trong co ché
bao mat GSM, céc thuat toan A3, A5, A8 déu duoc giau kin. Tuy nhién, phuwong thirc
bao mat bang cach gidu thuat toan nay s& khong an toan. Ly do 1a mot thuat toan cho
du tét dén dau ciling c6 thé mac 18i va néu khong duoc cong khai dé cong dong kiém
ching thi hoan toan c6 thé bi mic nhiing 16i nghiém trong. Thuc té da chimg minh 1a
du duoc nha san xudt cd gang giit bi mat sau nhiéu nam, hacker di tim duoc thong
tin kha ddy du vé cac thuat toan A3, A5 va A8 (Cu thé vao thang 8 nim 1999, Mot
nhom cac nha nghién ctiru My cong bd kha ning pha thuat toan A5/2 bang may tinh
PC binh thuong, thoi gian phd ma 1a vai gidy. Vao thang 12 ndm 1999, hai nha nghién
ctru Israel cong bd kha ning pha ma A5/1 trong vong 2 phiit sau khi ling nghe cudc
goi. Vao thang 2 nam 2008, tai dai héi BlackHat (DEFCON-15), hai nha nghién ctru
Hulton va Steve trinh bay kha nang pha bao mat GSM véi gia ré! Hacker hién nay c6
thé ché tao thiét bi nghe 1én GSM vdi gia chi vai chuc ngan d6 la v6i kha ning giai
ma cudc goi trong thoi gian 30 gidy). Nhu vay vdoi cong nghé¢, ky thuat hién nay, thi
nguodi thtr 3 hoan toan cé thé nghe xen gitta trén giao di€én Um, hodc cac nha mang
c6 thé xen vao qua cac giao dién A hodc Abit. Nhu trén da noi, xét vé tn cong mat
ma thi cac thuat toan A3,A8 14 rat yéu va tham tri ca thuat toan A5/1, cho du céc
mang c6 thé st dung phién ban thuat toan ma t6t nhat (A5/1, khoa Kc ciing chi 1a
64bits). Ngoai ra, hé thong ciing chi c6 xac thyc mot chidu BTS-MS ma khong ¢ xac
thuc chiéu nguoc lai, nghia 1a mdt tram BTS gia thuc hién cac thao tac giéng nhu
BTS that, thi MS van tra vé cac gia tri SRES nhu thuong; viéc xac thuc ID (ngudi
goi, ngudi giri) dir liéu va ID duoc truyén trén cac kénh khac nhau, IMSI guri dudi
dang 6 & phién két ndi dau tién, day 12 18i co ban ciia hau hét cac nha mang, n6 cho
phép mot tan cong xen giita. Trudc ddy dé thiét ké mot tram BTS 1a rat khé va phirc
tap, nhung voi cong nghé hién nay thi gia rat vira phai, din dén nhing tan cong trén

kénh v tuyén 1a kha thi khong phai chi cac t6 chirc dic biét.
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Mot s6 tan cong dién hinh nhu:

a. Tan céng sik dung tram BTS gid mao:

Air interface Air interface

May d6i twong Tram BTS gia Tram BTS that
Hinh 1.9. M6 hinh tin cong gia l1ap BTS

Hinh thirc nay sir dung mot tram BTS di duoc stra d6i dé 1ay thong tin tir may di
dong bi tn cong khi thiét bi tin cong bi danh Iira két ndi t6i tram BTS gia. Sau d6
tram BTS gia chuyén tiép noi dung toi tram BTS that (nhu Hinh 1.9).

b. Tin céng néc danh nguoi dimg

Luu trong SIM ngoai IMSI con ¢c6 TMSI, n6 nhu mdt biét danh cia thué bao trong
ving. Ké tin cong c6 thé can su di chuyén cua thué bao va/hoic theo vét cac cude
goi dé biét dugc IMSI va TMSI ctua MS, thong tin ndy ciing c6 thé sir dung dé xac
dinh dinh danh mét nguoi cy thé, khi d6 gia mao nguodi su dung la rét té hai.

c. Tan cong dua trén thudt toan xdc thuc

Nhiéu nha mang GSM xir Iy cac thuat toan xac thuc va sinh khoa MoU/COMP128
thay vi A3/A8. Nguyén nhan nay bat ngudn tir cac SIM cil, Iy do khac 1a viéc thay
d6i hay stra lai thuat toan 1a su chi phi thay d6i phan mém trong CSDL. Mic du thuat
toan COMP128 khong cong khai, tuy nhién day la thuat toan yéu, da bi dich nguogc
va phan tich ma (ngay nay c6 thé dé dang tim thiy trén Internet cac phan mém nay).
Béng cach léy duoc IMSI va Ki (qua dich nguoc dugc COMP128), viéc Copy vao 1
SIM tréng (mua ngoai thi truong) 1a kha thi, khi d6 ké tin cong thyc hién cac thu tuc
xéc thyc voi mang nhu mot thué bao hop 18, do d6 c6 thé thay ddi cac cude goi, tham
chi voi khoa Ki di c6 ké tan cong c6 thé giai ma va nghe toan bd cac nodi dung tir thué

bao va dén thué bao.
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Vié¢e sao chép dir liéu (IMSI va Ki) dugc thyc hién theo 2 cach: Clone Modul SIM
vat 1y va qua kénh vo tuyén.

d. Tdn cong thudt todn ma (A5)

Kiéu nay c6 3 kiéu tdn cong co ban 1a Tan cong phan tich ma; Tan cong phan tich
khong mé; Tan cong vét can.

- Tén cong vét can (brute-force): mac du khoa ma Kc 1a 64bit, nhung 10bit cudi
duogc dién toan ‘0°, do vay khong gian khod giam tir 2% con 2%4. Nhu da noi & trén,
AS5/1 1a phién ban manh nhét cta thuit toan AS5; A5/2 yéu hon, va da bi pha trong
thoi gian thuc véi mot hé sé xap xi 2'%, A5/1 manh nhung ciing tdn cong dugc véi
mot hé sd xap xi 2% (véi cau hinh may tinh Pentium 4, 3.2Ghz tin cong A5/1 trong
9 gid

- Téan cong phan tich ma: Véi cac thudt toan ma hoa dit liéu A5/1, A5/2 c6 mot
vai tin cong cac thuat toan nay, hau hét cac tin cong nay yéu cu ké tin cong phai
biét cac phan ciia khoa dong, tir d6 no c6 thé biét cac phan nho ban tin 18. Vi phuong
phap tin cong nay thi ké tin cong phai biét duoc du sd lwong cac ban tin 16 theo yéu
cau.

Véi thuat toan A5/1, cac cudc tin cong vao A5/l gan ddy chi tin cong dua trén
ban ma, diém an tuong 1a viéc tan cong chi yéu cau biét mot sb lugng nho cac khung
dir liéu dd ma, tuy nhién day 1a mot tn cong can ning lyc tinh toan 16n. Bang 1.3
dudi day dua ra ning luc tinh toan can dé tin cong chi dua trén ban ma cta thuat toan

AS5/1[2]

Bang 1.3. Niing e tinh toan cin dé tin cong ciia thuit toan A5

Dir liéu ma Ciac S6 may Dung Chu ky S6 may
c6 duge buée tién | tinhcindé | lwong 6 dia tinh dé tin
xir ly xir ly trong 1 dé Iuru triv cong trong
nam thoi gian
thue
2'2 (= 15min) 2% 140 22GB 2% 1
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207 (= 8s) 24 5000 176GB 2326 1000

207 (= 8s) 2% 5000 350GB 230 200

24 (= 2% 35 3GB 230 1
20min)

1.2.3. M4t s6 phuwong phdp bio mdt thong tin thogi di dong [6][16][28][29]

Pé bao mat cho thong tin thoai di dong la tuong dbi da dang, vé pham vi tam chia
ra 1am 2 d6i twong: thiét bi di dong ctia nguoi dung va trach nhiém cta nha mang;

Péi véi nha mang, c6 thé co cac giai phap sau: st dung thém thuat toan an toan
cho thyc thi cac thuat toan A3/A8 (SIM mdi, cap nhat Software cho HLR); Sur dung
thuat toan ma héa an toan nhat (A5/1); dam bao an toan cac kénh truyén mang 13i va
cubi cting 12 ma hoa dau cudi — dau cudi (E2E) doc lap v6i nha mang, day 1a giai phap
an toan nhit va né thudc pham vi thiét bi dau cudi.

Pbi v6i pham vi thiét bi di dong nguoi dung, vé cong nghé ciing twong ddi nhiéu
phuong phap:

Bao mat hoan toan bang ky thuat phan ctng (chang han nhu cac dong dién thoai
c6 bao mat cua hang Motorola, Crypto AG; cac dong dién thoai di dong sur dung trong
quan su cta nhiéu nuéc nhu Nga, khdi NATO) hoic ¢ dang mot thiét bi bao mat
duodng truyén, bdo mat dir liéu am thanh str dung két hop v6i dién thoai di dong qua
Bluetooth (ctia hing R&S). Két hop gitta sir dung phan ctng va phan mém. Sir dung
hoan toan giai phap bao mat bang phan mém. Nhém 2 va nhém 3 chu yéu ap dung
trong bao mat dién thoai di dong thong minh (smart-phone), phwong thirc truyén di
liéu mat dya trén nén tang IP thong qua mang 3G/4G, giai phap phan mém don gian,
nhung c6 d6 an toan, bao mat rat kém.

Péi v6i cac ki thudt bao mat thong tin thoai va dir liéu trén kénh thoai GSM, trén
thé gidi co rat nhiéu mo hinh giai phap va cong nghé khac nhau. Tuy vay c6 thé chia
thanh hai nhom giai phap cong nghé 16n d6 1a nhom giai phap dya trén nén tang tuong
tur (Scramblers) va nhom giai phap dua trén nén tang sb (Digital Voice Protection —
cic tham sb cua tin hiéu thoai dugc léy mau va bién doi vé dang sb thong qua bd

vocoder, sau d6 tién hanh ma mat dir liéu). D41 véi céc giai phap bdo mat thoai trén
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nén tang tuong ty Scramblers thudng sir dung cac phuong phap ma tin hiéu thoai co
ban nhu:

Dang (1): X4o tron theo mién thoi gian (TDS - Time Domain Scramblers) [32]

Dang (2): X4o tron trong mién tan s6 (Frequency Domain Scramblers — FDS)

Dang (3): Su két x40 tron tan s6 va thoi gian (Time Frequency Scrambling - TFS),

Dang (4): M4 bang phuong phép st dung cac chudi Pseudo Noise (Encryption by
using Pseudo Noise Sequences — ENS).

Bao mat tin hiéu thoai bang phuong phap tuong tu it duoc sir dung trong céac tng
dung can d6 bao mat cao, do tin hiéu sau khi ma rat ré khéi phuc. bé giai quyét triét
dé van dé nay, can thuc hién ma hoa dit liéu thoai sd béng thuét toan trao d6i khoa
phién va ma hoa du manh (trong phan két luin ciia Chwong sé ddt ra va hwéng gidi

quyét vin dé nay).
1.3. Cac phwong phap nén tiéng néi trong mang GSM [33, 34]
1.3.1. Mt sé ddic diém tin higu tiéng ndi co béin ciia mang GSM [33].

Phan ndy chi xem xét cdc d4nh huéng dén qua trinh truyén dir liéu qua kénh thoai
GSM trén khia canh bang tan, k¥ thuat xir Iy ma thoai, chuyén d6i ma, ma sé khong
xem xét nhitng tac dong khac thudc vé truyén thong trong nodi tai mang GSM hay
GSM — PSTN.

Kénh thoai mang GSM dugc thiét ké dé truyén tin hiéu tiéng noi véi bang tan hep
300-3400Hz dan dén bj han ché tdc do. Nhiing by ma (codec) sir dung trong GSM
khai thac triét dé nhitng thudc tinh cua tin hiéu tiéng ndi dé thu dugc hiéu suit nén
cao, trong khi van giir lai chat lugng tiéng noi nghe hiéu cua nguoi nghe (Piéu nay
dan dén tin hiéu khong phai tiéng néi bi loc bo b6t bai cac bd loc duoc 1ap trong ma
LPC), trong hau hét cac mé hinh nén thoai, tin hiéu dugc tai tao s& sai khac so vdi tin
hiéu ban dau. Pé dam bao am luong tiéng noi trong cudc dam thoai, mang GSM sir
dung bd AGC (Automatic Gain Control) dé diéu khién d6 16n bién d6 dau ra. Piéu
nay dan dén bién do6 cua tin hiéu ra c6 thé khac so véi tin hidu vao; thong thuong xen

lan tin hiéu tiéng noi 13 nhiing khoang lang, bo phat hién tiéng noéi (VAD - Voice
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Activity Detectors) c6 chiic nang phat hién tin hi¢u tiéng néi va loai bo nhirng khoang
lang dé tiét kiém bang thong va nang lugng, vi vay viéc truyén dit lidu c6 thé bo qua

khoang lang.

1.3.2. Qud trinh tao va cdc tinh chit co ban ciia tiéng néi

1.3.2.1. M6 hinh hod qud trinh tao tiéng néi [9][9b]

Khéng khi duoc ép (kich thich) tir phdi di qua thanh quan bao gdm cac ddy thanh
am dao dong (theo su diéu khién cua hé than kinh) r6i di doc theo co quan phat am
s€ tao ra tiéng no6i. Sy dao dong cua cac day thanh am tao ra sy dong md tuong tu
nhu mot canh cira (thanh mén). Sy déng mé nay sé lam cho ludng khong khi tir phoi
di 1én bi ngit quing khac nhau, lam cho tiéng néi tao ra ciing khac nhau. Ngoai su
tac dong cua thanh quan tao ra cac dao dong co tan sb co ban, cac thanh phﬁn hai bac
cao cta tiéng néi phy thudc vao su thay doi cta co quan phat 4m gém: hong, vom
hong, 1udi, miéng, khoang miii va mili twong tu nhu sy thay doi tham s cua cac hoc
cong huong. Hinh 1.10 biéu dién mo hinh co hoc ctia hé théng phat 4m cia con

nguol.

l l Thanh moén I s S
. Khoang miui —»
: L —— 1 1Muai
— | v 1 1
Phéi } Khoang hong *  Khoang miéng —»
- D s e N b
! ! I

T T Khi quan Ong thanh quan

Hinh 1.10. Biéu dién mé hinh co hoc ciia hé thong phat Am
Tir md hinh co hoc trén Hinh 1.10, ¢6 thé biéu dién co quan phat 4m bang mé hinh
gan dung gdm céac 6ng hinh tru c6 d6 dai bang nhau nhung c6 dudng kinh khac nhau
(Hinh 1.11). Cac 6ng hinh try nay 1a cac hdc cong hudng am thanh véi cac tan sb
riéng goi 1a tin s6 formant. Céc tan sb ndy tao ra cac am vi khac nhau tuy theo hinh
dang co quan phat 4&m. M6 hinh nay c6 thé duoc biéu dién mot cach kha chinh xac
bang hé phuong trinh vi phan. Trong qua trinh phat 4m ngudi ta thiy rang hinh dang

co quan phat 4m thay d6i rat cham. Do d6 trong khoang thoi gian ngan (trong mot
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am vi) co thé xem su thay d6i 1a khong dang ké. Vi vay ngudi ta c6 thé biéu dién hé
thong phat 4m bang mot hé thong tuyén tinh bét bién theo thoi gian. Nghia 1a trong
thoi gian mot Am vi, cac tham sb ctia hé thong s& gan nhu khong ddi, chung chi thay
d6i tir &m vi ndy sang 4m vi khAc.

[ A
S— e N I

it.-—\l A2 $A3 A4 AS
— v ]
L Vv

Hinh 1.11. M hinh dang dng ciia co' quan phat Am
Ngoai ra mo hinh hoa qua trinh kich thich cta ludng khong khi tir phdi di qua thanh
quan 1én co quan phat 4m ciing rat quan trong. Tuy theo loai 4m thanh ma c6 cach

mo hinh ho4 thich hop dé tiéng ndi sau khi tai tao dat duoc chat lugng theo yéu cau.

1.3.2.2. Cdc tinh chdt co bdn ciia tiéng néi

Trong k¥ thuat ma ho4 tiéng no6i, dwa vao dao dong cua cac day thanh am c6 thé
chia tiéng noi ra thanh hai loai 4m chinh sau day:

Am hivu thanh (voiced sound): am hitu thanh duoc tao ra khi cac day thanh am
dao dong dong md 1am ngat quing ludng khong khi va sy ngit quing nay dugc xem
gan nhu 1 tuan hoan tac dong 1én co quan phat am. Trong thyc té chu ki tuan hoan
nay khoang tir 2 -20ms. Do d6 v&i am hitu thanh, tin hi¢u kich thich dugc mo6 hinh
hoa 1a cac xung tuan hoan.

Am vé thanh (unvoiced sound): am v6 thanh duoc tao ra khi ludng khong khi di
qua thanh moén tac dong 1€n co quan phat am khong theo mdt qui ludt nao ca (khong
tudn hoan). Do d6 voi &m vo thanh, tin hiéu kich thich duoc mé hinh hoa tuong tu
nhu tin hiéu ngau nhién (nhiéu).

Nhin chung, cic 4m cta tiéng ndi 1a mot trong hai loai am trén hodc 1a su két hop
ctia chiing. Theo théng ké, véi tiéng néi ciia cac ngdn ngir trén thé gidi thi phan 16n

1a cac am 13 hitu thanh. Mot s6 ngdn ngir trong d6 c6 tiéng Viét, hau nhu chi toan am
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hiru thanh. Thi nghiém véi tiéng Viét cho thay c6 thé chi dung hoan toan 4m hitu
thanh ma van khong 1am anh huéng dén ngir nghia cta 101 néi.

Pé ma hoa va tai tao tiéng no6i, c6 thé mo hinh hoa cac tham sb thé hién sy kich
khong khi tir phdi va giao dong qua thanh quan bang cc tham sb sau:

e  Su kich thich tir phoi tao ra thay bang nhiéu ngdu nhién.

e Dao dong cua thanh quan (Khoang hong) dugc mo hinh béng cac bo loc tao
chu ky ‘Pitch’.

e Khoang tao am (Khoang miéng — Khoang miii) dugc mo hinh bang bd loc
LPC.

Hinh 1.12 dud¢i day mo6 hinh hoa nay:

T v

Pitchs L w LPC Filter Speech

Unvoice

Nhiéu tring

Hinh 1.12. M6 hinh héa qua trinh tao tiéng noi cia con nguoi [9b]

1.3.3. Cac phwong phap md hod tie“'ng noi co ban
Ma hoa tiéng n6i dugce chia ra thanh ba loai chinh 1a ma hoa dang séng, ma hoa
ngudn va ma hoa lai. Toc do bit va chat lugng tiéng noi sau khi tong hop lai cia cac

bd ma hoa nay dugc biéu dién ¢ Hinh 1.13.
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Hinh 1.13. Chit lwong tiéng néi véi toc dd bit ciia cac bd mi hoa

1.3.3.1. Ma hod dang song

C6 thé chia ma hoa dang song ra 1am hai loai chinh :

Trong mién thoi gian: Ma hod diéu bién xung ma (PCM), diéu bién xung mi sai
léch (DPCM) va diéu bién xung ma sai 1éch thich nghi (ADPCM).

Trong mién tan sé6: Ma hoa bing phu hay con goi 13 biang con SBC (Subband
Coding) va ma hoa bién d6i thich nghi ATC (Adaptive Transform Coding).

1.3.3.2. Md hod nguon

M3 hoa ngudn str dung md hinh qua trinh tao ra ngudn tin higu va khai thac cac
thong s6 clia md hinh ndy dé ma hoa tin hiéu. Nhing théng s6 cia mé hinh s& duoc
truyén dén bod giai ma. DPdi véi tiéng noi, cac bd ma hoa ngu@)n duoc goi 1a vocoder
hoat dong dya trén mo hinh co quan phat am nhu da noéi ¢ trén va dugc kich thich véi
mot nguén nhiéu tréng dbi véi cac doan 4m vo thanh hodc duoc kich thich bﬁng mot
day xung c6 chu ki bang chu ki pitch ddi voi doan 4m hitu thanh. Do d6 thong tin
dugc goi dén bo giai ma 1a cac thong sé ky thuat ciia bo loc, mot thong tin chi dinh
doan tiéng no6i 1a &m hitu thanh hay vo6 thanh, sy thay ddi can thiét cua tin hiéu kich
thich va chu ki pitch néu d6 1a doan tiéng néi hitu thanh.

C6 nhiéu ky thuat dé ma hoa nguén nhu: ma hoa kénh, ma hoa formant, ma hoa

tham s6 va ma hoa dong hinh. Tuy nhién, hién nay cha yéu tip trung vao nghién ctru
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va phat trién cic bd ma hoa tham s6 nhu ma hoa dy doan tuyén tinh kich thich bang
hai trang thai (ma hoa LPC), ma hoa dy doan tuyén tinh c6 su kich thich két hop
MELP va mi hoéd dy do4n tuyén tinh kich thich bang tin hiéu sau du doan RELP. Cac
bd ma hod tham sd nay thudng duge dung trong dién thoai vé tinh va trong an ninh,

qudc phong.

1.3.3.3. Ma hoa lai

M3 hoéa lai ¢6 nhiéu phuong phap nhung phwong phap pho bién nhat 1a ma hoa
phan tich bang cach tong hop AbS (Analysis-by-Synthesis). BO ma hoa nay sir dung
mo hinh co quan phat am cta ngudi gidbng nhu ma hoa ngudn. Tuy nhién, thay vi sir
dung cac mo hinh tin hiéu kich thich don gidn nhu ma hoa ngudn thi & day tin hiéu
kich thich dugc chon sao cho cb gang dat duoc dang song tiéng noi tai tao cang giéng
v6i dang song tiéng ndi ban dau cang tét. Pay chinh 13 dic tinh tao nén su khac biét giita
cac bo ma hoa kiéu AbS. Thuat toan tim ra dang song kich thich nay quyét dinh t6i do

phtrc tap cua b ma hoa.

1.3.4. Ky thudt nén tiéng néi trong théng tin di dong GSM

1.3.4.1. Cdc bo ma Codec trong mang GSM

GSM da su dung nhiéu loai codec thoai dé nén Am thanh 3,1 kHz vao bang thong
tir 7-13kbit/s. Ban dau, hai loai bo nén thoai, dugc dit tén theo cac loai kénh dit liéu
duoc phan bo, da dugce st dung, dugc goi la Half Rate (6,5 kbit/s) va Full Rate (13
kbit/s). Chiing str dung mét hé thong dira trén ma dy doan tuyén tinh (LPC). GSM da
duogc cai tién hon nita vao nam 1997 véi codec toc do day du (EFR), codec 12,2 kbit/s
st dung kénh toc d6 day du. Cudi ciung, voi su phat trién cia UMTS, EFR da duoc
tai cAu trac thanh mot codec tée do bién d6i duogc goi la AMR-Narrowband, co chit
lugng cao va manh mé chéng nhiéu khi dugc sir dung trén cac kénh tbc do dﬁy du,
hoic kém manh m& hon nhung van cé chat lugng twong ddi cao trén kénh vo tuyén

ntra toc do.
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1.3.4.2. Cdu triic mét bg ma hod tiéng néi ding phwong phdp md hod lai AbS
[16][8][10][30]

Hau hét cac tiéu chuan ma ho4 tiéng néi trong thong tin di dong GSM déu st dung
phuong phap ma hoa lai AbS. Vi vay trong phan nay, xin duoc trinh bay chi tiét vé
ma hoa lai AbS nay.

Trong cac bd ma hoa lai, cac thong sb ctia hé théng s€ duoc xac dinh béng ky thuat
di dodn tuyén tinh nhu trong ma hoa tham s (¢ trong phuong phap ma hoa ngudn)
va tin hiéu kich thich dugc xac dinh bang mot vong kin (phdn tich bang cdch tong
hop).

Hinh 1.14 12 so @6 khdi ctia mot bo ma hoa lai dién hinh [5][30]. Hé thong nay bao
gom mot bo loc dir dodn thoi gian ngan (STP) A(z), mot bd loc dir dodn thoi gian
dai (LTP) AL(z), mot bd loc nhan W(z), mot bo giam thiéu sai sb cung cap thong tin
can thiét cho bo tao tin hiéu kich thich. Trong do, quan trong nhét 13 bo tao tin hiéu
kich thich vi n6 tao ra hay chon tin hiéu kich thich sao cho sai s6 binh phuong trung

binh sau khi qua W(z) 1a nho nhét.

B¢ loc co quan phat am
..................................................................................................... Tin hieu vio
,,,,,,,,,,,, S[n]

Luya chon/tao tin hiéu

kich thich
A
e[n]
B¢ loc thoi gian dai (pitch) Bé loc thoi gian ngdn
(formants)
Giam thiéu sai sb < W(z) |«
Bé loc nhan (trong s6)
Bén phat
in hicu ki Uln] B I hét 5 o)
Tin hi¢u kich p| COoccoquanphal L5 Tiéng noéi tong hop dugc
thich am
Bén thu

Hinh 1.14. So @6 khdi ciia mdt bd mi hoa lai [5][30]
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Tuy theo mdi loai ma hod ma bd tao tin hiéu kich thich nay khac nhau. Mic du so
db trén 1a chung cho cac bo ma hod lai nhung mét s loai khong sir dung bo loc LTP

hodc vi tri STP va LTP thay doi.

Ham AL(z), A(z) 1a da thic thu duge truc tiép tir phép bién ddi z cia phuong trinh
sai phan tuyén tinh hozc tir phép bién doi Laplace cua phuong trinh vi phan tuyén
tinh lién tuc chuyén qua gidn doan v6i khoang thoi gian T va thay bién s bang bién z

(bién d6i song tuyén tinh - bilinear transform)

(1.2)
voirz=e"
Sau khi 14y loga ca hai vé, xap xi bang chudi sé& thu duoc cip biéu thirc ¢ dudi.
Pay 1a bién d6i song tuyén tinh:

2z-1_, 1+sT/2

T T2 (1.3)
Da thtc Ai(z), A(z) c6 dang sau /5,8,30] :
L (1.4)
Az) 1= oz
I e
AL@)= 1- ). az ™ (1.5)

O day p, I 14 bac cta da thirc, a 12 hé s6 bo loc LP, B 1a hé s6 khuéch dai, i 1a chi

s0, T 1a d9 tré cua bg loc Pitch, z 1a cac mau sau dau ra bg lay mau.

a. Du dodn tuyén tinh (LP) diea trén mé hinh phdt am

Dy doan tuyén tinh va hé thong tuyén tinh co vai trd rat quan trong trong xir 1i sd
n6i chung va dic biét 1a xur 1y tiéng noi. N6 1a mot cong cu ky thuat rat hiéu qua dé
udc lugng cac thong sb cua tiéng noi nhu pitch, tan sé formant, pho ... kha chinh xéac

véi tde d6 tinh toan nhanh.
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Tin hiéu kich + W "Liéng noi tong

thich T hop
A(Z) [«

Hinh 1.15. So @b rit gon ciia qua trinh tai tao tiéng noéi

Duya trén ham truyén dat nguoi ta cé thé biéu dién mé hinh co quan phat am mot

cach gin dung nhu Hinh 1.15.

Qua trinh tong hop va phan tich tin hiéu tiéng néi dugc moé ta trong Hinh 1.16
dudi, v6i gia thiét tin hiéu kich thich u[n] 1 nhiéu trang, thi tin hiéu ra e[n] ciing phai

1a nhiéu trang néu h[z] 1a mot ham truyén dat toan cuc, khong c6 diém khong.
Tong hop Phan tich

uln] s[n] Eln]
——» h[n] l/h[n] ——

Hinh 1.16. Qua trinh t(x)n!g hop va phén tich tin hiéu tiéng néi

b. Du dodn thoi gian ngdn (STP) va di dodn thoi gian dai (LTP)

Bo dy doan thoi gian ngan thuc chét 1a bo loc tong hop tiéng noi. Bo loc nay sé
thuc hién viéc tong hop tiéng noi khi cé tin hiéu kich thich dua dén dau vao cia no.
Céac hé sd cta bo loc nay s€ dugc xac dinh béng phuong phap du doan tuyén tinh nhu
da dé cap o trén. Cac doan tiéng noi hitu thanh c6 dang séng tuan hoan va tinh chat
tudn hoan nay c6 thé duoc khai thac dé tro gitip cho qua trinh du doan tiéng noéi. Tir
nhitng diéu trén nguoi ta da dua ra khai niém vé du doan thoi gian dai hay du doan
pitch. Ciing giéng nhu cac bd STP, cac bd LTP ciing 1a cac bd du doan tuyén tinh
nhung trong khi STP thuc hién viéc dy doan dua trén cac miu ké nhau thi LTP dua
trén cac mau tir mot hay nhiéu chu ki pitch truée d6. Pay 1a 1y do goi né 1a du doan
thoi gian dai.

Trong thyc té thay vi truyén di cac hé s6 cta Ar(z) va A(z) ngudi ta truyén di cac
thanh phan 12 LSF hodc LSP cung véi bién do (hay ning luong) cia tiéng ndi. Bén
thu tai tao lai da thirc AL(z), A(z) cing vdi cac thong sb khac va tong hop lai tiéng

noi.
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¢. Bé loc nhdn (loc trong s6 W(z))

Ngoai viéc khai thac cac tinh chét tiéng ndi dé ma hod, nguoi ta con khai thac su
cam nhén am thanh cua tai nguoi (tai nguoi khong cam nhan dugc nhirng am thanh
bi che di boi cac 4m thanh khéc c6 nang luong 16n hon mot muc nhat dinh — hiéu ing
che 1ap) trong ma hoa tiéng néi bang khai niém bd loc nhan (bd loc ting cudng phd
thich nghi).

[dB] o
— dap tng tan so cua bo loc LPC
----- pho cua nhicu

- = dap img tan so cua W(z)
pho cua nhicu da di qua W(z)

~_7

(0] 500 1000 1500 2000 2500 3000 3500 4000
Tanso [Hz]

Hinh 1.17. Biéu dién hiéu ciia W(z)

Su tac dong cia bd loc nay duoc biéu dién trong Hinh 1.17. Ta thay pho cta nhidu
c6 hai viing nam phia trén cua dép tng tan sé cta bd loc LPC do d6 céc tan sd nam
trong ving nay sé bi nhiu che di. B loc nhdn W(z) s& nang bién do ctia nhidu trong
ving tan sé formant (ving dinh ctia dap tmg tan s6 bo loc LPC) va nén bién do cua
nhiéu trong cac ving triing ctia dap Gng tan sb. Pho cua nhidu sau khi di qua W(z) s&
c6 dang 1a duong lién nét manh (cé hinh dang phd twong tu nhu phd ciia bo loc LPC)
va nhiéu s& dé dang bi céc tan sb formant che di (ning luong cac tan sé formant che
ning lugng nhiéu). Tém lai, W(z) s& dinh dang nhiéu hay céc sai s6 sao cho chung bi
che di boi cac tan sd formant nang luong cao. B9 loc nhén co thé duoc thuc hién qua

ham sau [12]:

a(z)  1+¥0 aiz7 (1.6)

Z - . i
a(?) 1+2?=1 a;Yizt

W(z) =

Vé6i Y duoc chon nhu mot hing sb gitra 0 va 1 (thuong 13 0.8 hodc 0.9).
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1.3.4.3. Mét 56 logi md hod lai ding trong lién lac di déng

Tuy theo cach tao ra tin hi¢u kich thich ma nguoi ta dua ra cac loai ma hoé lai khac
nhau nhu mi hoa da xung MPE, ma ho4 xung déu RPE, ma ho4 kich thich bang ma
CELP, mi hoa kich thich vecto tong VSELP. Trong céc tiéu chudn ding cho lién lac
di dong c6 ba loai sau day thuong dugc sir dung la: RPE-LTP, ACELP va VSELP.
G161 han tai Viét Nam nén chi quan tam dén ma CELP va ACELP.

1.4. Két luan chuwong 1

V6i cac 6 lidu va phan tich & phan dau Chuong 1, véi trinh ¢ cong nghé va nang
luc tinh todn nhu hién nay, rd rang vdi cac thudt toan xac thuyc va bao mat dir li¢u
trong mang di dong GSM hién nay thi van dé khong an toan va khong bao mat duoc
thong tin cho nguoi ding c6 thong tin nhay cam chir chua ndi dén thong tin bi mat
qudc gia. Véi cdu trac va cac phan tir mang trong hé thong mang GSM hién tai thi
van dé xac thyuc va bao mat thong tin thoai tir nguoi ding dén ngudi dung (End to

End) 1a t6i uu nhat.

Vi qua trinh tao va tong hop tiéng néi theo mo hinh héa trén (Hinh 1.11), ¢6 thé
biéu dién hé théng phat 4m bang mot hé thong tuyén tinh bt bién theo thoi gian, khi
d6 cac bo ma hoa thoai trong mién thoi gian dugc xay dung dya trén ki thuat du doan
tuyén tinh. Do vay cac dac tinh théng ké cua tin hi€u thoai dugc mo hinh hoa méot
cach chinh xac thong qua mé hinh b loc nguén (b6 loc dw dodn thoi gian ngdn, bé
loc dw dodn thoi gian dai) voi gia thiét tiéng noi 1a két qua cua qua trinh kich thich
mét bd loc bién ddi theo thai gian béng mot day xung cé chu ki ddi voi Am rung

voiced va nguon nhi¢u ngau nghién doi véi am cam.

Céc bd ma hoa st dung ki thudt phan tich trong mién thoi gian co thé duoc ké dén
nhu by ma hod du doan thich nghi APC (Adaptive Predictive Coding), Ma du doan
tuyén tinh kich thich du RELP (Residual Excited Linear Prediction), hay Ma du doan
tuyén tinh da xung MPLPC (Multi Pulse LPC), va ddng chii y nhdt la bé Ma hod dy
dodn tuyén tinh md kich thich CELP (Code-Excited LPC ) phii hop véi cdc g dung

dit liéu tin hiéu thoai ma hoa qua kénh thoai analog di qua cdc mang khac nhau.
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CHUONG 2: PE XUAT THUAT TOAN NEN VA PE XUAT GIAI PHAP
BAO MAT, TRUYEN DU LIEU QUA KENH THOAI GSM

2.1. Lya chon gidi phap ma héa mat cugc goi thoai di dong trén kénh GSM

Thiét bi lién lac GSM da thuc hién cac cong viéc: Vocoder chuyén tin hiéu tiéng
n6i sang dang sd hoa da nén theo chuan GSM, sau d6 goi tin s6 hoa duoc truyén qua
kénh GSM ¢ dang tin hiéu s6 (cung véi cac tin hiéu diéu khién GSM khac). Dit liéu
GSM da dugc ma hoa bao mat véi thuat toan ma AS5/x, song nhu da phan tich ¢
Chuong 1 cho thay rang ho thuét toan nay chua du do an toan can thiét.

Pé ma hoa cudc goi thoai trén kénh voice GSM, c6 mdt giai phap don gian 1a xao
tron tan, dao pho tin hiéu tiéng noi theo mot quy tic xac dinh bai khoa ma. Pay con
goi 1a phuong phap ma hoa ¢ muc twong ty (trude khi tin hiéu dugc sé héa). Phuong
phap nay dé 4p dung, song ludn cé giai phap phan tich tin hiéu da x4o tron dé khoi
phuc lai tin hiéu ban dau.

Néu c¢6 thé can thi€p vao qua trinh xi 1y dir liéu cia Modem GSM, ta co thé thuc
hién ma hoa dir liéu dang sé héa trudc khi truyén trén kénh. Tuy nhién tat ca cac
Modem GSM déu c6 tinh déng kin, khong hd tro can thiép vao qua trinh xir Iy dit
liéu ndi bd cuia Modem.

C6 thé sir dung mot giai phap trung gian, d6 14 sir dung ché do truyén dit lidu trén
bang tin GSM (kénh CSD). Pay 13 mot chuan truyén sd liéu c6 sin trén kénh GSM
duogc st dung dé truyén tin hiéu Fax. Tuy nhién viéc hd tro CSD tai Viét nam hién
nay con han ché. Ta ciing khong ban téi viéc truyén dir liéu qua kénh IP (GPRS hodc
3G/4G)

Pé xuit phuong an bao dam tot nhat dé ma hoa va truyén dit liéu cudc goi thoai
mat qua kénh GSM 1a xdy dung module thuc hién cdac cong doan: tw thuc hién
Vocoder voi bitrate thcfp; mad hoa dit liéu thogi thu duoc su dung mot thudt toan ma
dii manh, c6 thé sir dung md héa khéa doi doi xing; diéu ché dir liéu ma thanh tin
hiéu trong phé tiéng néi, dwa tin hiéu da diéu ché ndy (dang twong ti) vao dau vao

ciia thiét bi dau cudi (ME) thudc hé thong GSM truyén qua kénh GSM théng thirong,
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vi€c nay nhu la phat trién mot Modem 1am viéc trén kénh thoai 2G/3G, néu lam dwoc
Modem ¢6 tinh nang nay, thi Modem nay khéng chi cho phép truyén dir liéu qua kénh
Voice GSM 2G/3G, ma né con cé thé truyén dir liéu qua tat cd cdc giao thire, cdc
mang cho phép truyén théng tin thoai nhw cdc mang dién thoai chuyén mach goi,
mang vé tuyén céng nghé SDR, OTT,.. O bén méy thu, ta s& thyc hién cac budc theo
thtr tu nguoc lai dé thu duoc tin hiéu tiéng néi ban dau. Viéc phat trién mét Modem
nhu vay, n6 lién quan dén mot loat cac ky thuat, cu thé s& duoc dé cap dudi day.

C6 hai van dé can quan tam khi thuc hién phwong 4n nay: can xu 1y diéu ché &
murc thoi gian thuc; str dung mot giai phap Vocoder c6 Bitrate du thap dé co thé diéu
ché lai thanh tin hiéu trong pho tan va gidng tin hiéu tiéng néi (vi kénh voice GSM
dugc nén xudng rat thip (hé sé nén cao) va khong duoc pha v cdu tric khung thoai
qua giao dién Um v&i 20ms/slot, voi chuan nén 13kbps sé& tuong tmg 260 bits/slot,
can phai quan tim dén cau trac khung niy dé tao ra mot dang soéng sé truyén trén
khung nay ma khong bi bién dang dédng ké). Can chu y 1a tin hiéu nay lai thong qua
tang Vocoder cia GSM mdt 1an nita. Ciing do ting Vocoder cia GSM 1am nay sinh
van dé thir hai, d6 1a ting Vocoder cia GSM c6 str dung bd phat hién tiéng noi tich
cuc VAD dé phat hién cac khoang khong c6 4m thanh. Véi tin hiéu diéu ché trong
phd tiéng n6i, c6 nhiéu phan khong c6 dic trung giéng hét tiéng noi thong thudng, vi
thé dugec VAD xéc dinh 1a khong phai tiéng néi. Dir lidu diéu ché trong khoang thoi
gian VAD xéc dinh 14 khong phai tiéng n6i s& khong duoc truyén sang may thu dau
xa dé tiét kiém cong suat phat. Ta can chinh stra bd diéu ché dé tranh viéc bj VAD
xac dinh 14 khong phai tiéng n6i ma van bao dam truyén dir liéu du hiéu qua

Vié¢c lua chon bd nén thoai (Vocoder) ly tudng can dap tng cac tiéu chi: c6 Bitrate
thap, chat luong thoai tot, c6 kha ning chong nhiéu (chdng 15i kénh) tét, thich ing
v6i ngdn ngit ngudi dung, hiéu suat cao véi tin hidu cAm (unvoiced), do tré ngan (real

time), pht hop véi cac tai nguyén xir 1y han ché.
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2.2. So sanh ba thuit toan nén dung ky thuit du do4n tuyén tinh (LP Specch
Model)

Ba thuat toan nén sur dung LP la: LPC10e, CELP va MELP. Ca 3 thuat toan nay
dé 1a dung ky thuat dy doan tuyén tinh va dé dugc dung phd bién dic biét 1a trong
thong tin v6 tuyén, sy khac nhau co ban cua ba thuét toan ndy 13 nam & sy phirc tap
ctia ché do kich thich. M6 hinh kich thich dugc str dung bai vocoder CELP 14 tinh vi
nhat trong ba mo hinh, nhung mé hinh kich thich trong vocoder MELP 14 don gian
hoa va di dugce ching minh [12]. Thuat toan nén CELP va MELP dat chat luong
trong duong, nhung MELP dat dugc ty 1& nén rat cao (bang ¥ CELP) va c6 nhiéu
ché d¢, nhiéu phuong phap cai thién kich thich (pitch) va nhiéu téc do rat thap, cac
Bang 2.1, 2.2 dudi day so sanh viéc cap phat bit giita vocoder CELP va MELP:

Cdc tham so So bit dwgc cdp phit
Vocing 4
Energy 11
Pitch 7
Spectrum 38
Bang 2.1. S6 bit dwoc cap phat cho MELP 600bit [12]

Tham sé Téong so bit méi Frame

LPC 34
Chu ky Pitch (chi s6 bang ma thich nghi) 28
Do khuyét dai bang ma thich nghi 20
Chi s6 phirc tap bang ma Codebook 36
Do phuc tap bang ma khuyét dai 20
Pong bod 1

Ma stra 101 4

Du phong mé rong 1
Bang 2.2. Cap phat cac bit cho CELP (FS1061)
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2.3. M6 hinh va dé xuit bd ma hoa du doan tuyén tinh kich thich hdn hop
MELP

2.3.1. Dt vin dé

Nhu muc 2.1 da dat ra, vi¢c lya chon bd nén thoai (Vocoder) trong muc ti€u cua
luan an nay 14 hét strc quan trong, nd phai dap mg cac tiéu tri nhu trinh bay & trén.
C6 rat nhiéu phuong phap nén thoai, nhung tai sao lai chon thuat toan MELP. Khong
phai ngau nhién ma My lai dua MELP (céc phién ban tir MELP dén MELPe) thanh
chuan US MIL-STD-3005 va cac nudc NATO 1a STANAG-4591 (MELPe), vi cac
Model thuat toan nén thoai MELP (MELP, MELPe, MELPe++) bao gdm cac bit dong
bd hoéa vo cung hiéu qua trong cac ung dung bio mat vo tuyén bing tin hep
(Narrowband) trén céc kénh hay 13i bit, mat goi, mat ddng b va no rat hiéu qué trong
viéc can d6i gitta bang thong va chat lugng tin hi¢u thoai, dac biét d§ phuc tap tinh
toan c6 thé thyc hién trén cac Chip ARM hay DSP, phii hop cho bai toan bao mat
thong tin thoai.

Ngay nay, chuan ma thoai MELPe gdm 3 tbc do 2400bps, 1200bps va 600bps
[11b,13,14].

Céc vocoder dua trén phuwong phap mi hoa mé hinh, cic tham sé dic trung can
dugc xac dinh d6i véi mdi khung tin hiéu 1a:

- Cdc tham sé kich thich gdbm quyét dinh voice/unvoice va chu ki pitch

- Cdc tham sé hé thong gdm thong tin dudng bao phd hay dép tng xung cua hé
thong.

Bén giai ma, dé tong hop lai tiéng noi, cac tham sé kich thich dugc sir dung dé
tong hop thanh tin hiéu kich thich, tin hi¢u nay gdm mot chudi xung tuan hoan trong
ving voice va nhidu ngiu nhién trong ving unvoice. Tiép do, tin hiéu kich thich nay
s€ dugc cho qua mot bo loc ma cac tham s6 cua no dya trén cac tham sb hé théng da
wdc lwong. M6 hinh hay dugc st dung cho hé théng 1a LPC (Linear Prediction
Coding), trong d6 ma hoa du doan tuyén tinh dugc sir dung dé mé hinh hoa duong

bao phd.
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Cai tién quan trong trong MELP vé mé hinh 14 sir dung mé hinh kich thich hén
hop tuan hoan/nhidu va quyét dinh voice/unvoice trong timg dai tan riéng lam ting
rat dang ké chat luong tiéng noi so véi LPC-10 tuy nhién né van c6 mot s6 khuyét
diém vé chat luong tiéng no6i, dac biét 1a ¢ cac vung khong 6n dinh cua tiéng noi va
cac ving khong tuan hoan.

Céc vocoder truyén théng cho tiéng noi tong hop vé phuong dién nghe hiéu 1a kha
t6t nhung chiing lai khong cé chat lugng tiéng cao. Chung ta c6 thé phan cac 1y do
theo hai loai sau:

- Do han ché co ban trong mé hinh tiéng noi

- Do wdc lugng cac tham sb mo hinh tiéng noi khong chinh xéc.

Céac nhuogc diém cia cac vocoder truyén théng vé suy giam chat lugng c6 thé thay
Vva cac co sd cla cac bién phap dé giai quyét nhu sau:

Mot trong nhitng suy giam chat lugng cha yéu trong cac vocoder sir dung mé hinh
voice/unvoice don gian 1a : trong mét sb vung cua tiéng néi, nghe duoc hdn don, cac
am v, dic biét trong cac vung voice hdn hop hay cac viing voice ¢ nhiéu. Quan sat
phd thoi gian ngan cua cac doan tin hiéu nay cho thdy ndi troi chu yéu & cac ving
voice hdn hop 14 cac hai ctia tan sb co ban, & cac ving voice c6 nhiéu 1 ning luong
gidng nhiéu. Nguyén nhan quan trong cta hién tuong nay 1a do mé hinh kich thich
voice/unvoice don gian chi don thuan tao ra céc tin hiéu kich thich c6 phd hoic 1a
gdm cac hai cua tan sb co ban hoic 1a phd nhiéu.

Pé giai quyét vin dé nay can sir dung mo hinh kich thich hdn hop, cac kich thich
tuan hoan va giéng nhiéu s& dugc tron lai, sau d6 duoc tao dang phé b1 mot bo loc,
cac tham s6 cta bo loc ndy dua trén cac tham sb hé thong trong qua trinh phan tich.

Co so ctia cach giai quyét nay 1a do con ngudi c6 thé phan biét gita cac ving tin
sd dic trung boi hai cia tan sd co ban va cac vung tan sd khac dic trung bai nhidu
nén dé nang cao chat luong tiéng noéi tong hop, md hinh voice/unvoice phai c6 thém
yéu t6 bién thién theo tan s6. Hinh v& (Hinh 1.14) thé hién khai niém mo hinh kich

thich hon hgp da bing néi trén.
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Bén canh yéu t6 moé hinh, chat lugng xau cuia tiéng noi tong hop cua cac vocoder

cling c6 mot phan 16n 1a do sy udc luong khong chinh xac cac tham s6 mo hinh tiéng

n6i [35]. Vi du nhu uéc luong pitch hay quyét dinh voice/unvoice khong chinh xéac

(do viéc xac dinh pitch cung v6i quyét dinh voice/unvoice khong chinh xac) thudng

lam cho tiéng néi tong hop suy giam chat luong rat nhiéu, dic biét 1a trong tin hiéu

tiéng noi ¢o nhieu, sy suy giam nay xuong dén mac nghiém trong.

Tom lai, mot hé thong vocoder chdt lwong cao can phdai cdi tien mo hinh tiéng noi

va co cdc phuong phap tin cdy wéc lwong chinh xdc cdc tham s6 cua mo hinh tiéng

noi.

2.3.2. M6 hinh thudt toan ma thoai MELP

So d6 khéi bo ma hoa tiéng ndéi MELP (Mixed Excitation Linear Prediction) duoc
thé hién trong hinh 2.1 [17][8] dudi day:

B

Kich thich toan hoan
: v .
Pitch bép tng xung
Period —” l
B0 tao . Loc tao > Loc tao
chudi xung hinh xung
Cuong do thoai
v
Tao phiéu Loc tao
trang *| hinh nhiéu

Hé s6 loc
Loc

__,| tong
hop

Hinh 2.1. M6 hinh mi héa tiéng néi Melp

Gain

l Tien
g noi
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2.3.2.1. Qud trinh md thoai MELP dwoc biéu dién trén Hinh 2.2 [13][18]:

Tin hi€u thoai . ) R p—
Loc A& bo Tlnh' d6 cao Phan tich
dém giong thanh
Tinh tinh S Phén tich du ; X
L > phinphin —> C(: kh01‘1g —> doantuyén —> Tinh phén du
q tuan hoan " LPC
Pitch tinh
. ¥ . Kiém tra ; N
Ly o Tmb |, Tmhgiong |, pg . Tiohds
Peakiness cuodi . khuéch dai
Doubling
Cap nhat . . iy .
i o Tinh LSF tr Do kd, giong Luong tir hdéa
—> trung binh > LpC va LSF > céc dai thanh
Pitch
Tinh luong tir . -
L 5| héabiénds |—» DODESOLT
. ma bao vé
Fourie Khung MELP

Hinh 2.2. Quy trinh thwe hién ma thoai Melp.

M5t sd bude co ban trong qui trinh nay dugc thuc hi¢n nhu sau:

Buéc 1: Logi bé thanh phan tan sé thap (DC)

Budc dau tién cua qua trinh nén tiéng noi 1a loai bo thanh phan ning luong tan sb
thap trong tin hiéu dau vao. Dé thuc hién budc ndy, ngudi ta sir dung mot bo loc thong
cao Chebychev kiéu 2 bac bbn c¢6 tan sb cit 60 Hz va suy giam 30 dB & dai chian. Pau
ra cua bd loc nay dugc st dung lam tin hi¢u dau vao cho tit ca cac khdi tiép theo
trong qua trinh nén tiéng néi.

BuGe 2: Tim kiém pitch tong thé

Pé tim kiém pitch tong thé, dau tién tin hiéu dau vao dugc loc thong thap véi
bd loc Butterword bac 6 véi tan s6 cat 1 KHz. Gia tri pitch duoc tim trong khoang t

=40+160 mAu va 1a gia tri co ty twong quan chuan hoa (tr) 16n nhat, trong do:
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r(r)= <(0,7) 2.1
\/CT(O,O)CT(T,T)
O day:
—Lr/2J+79
c.(m,n)= Z s, +m’k+n (2.2)
k= 7/2|-80

Va1 1a cd cho s6 nguyén ciia cac mau, [t/2] 12 gia tri phin nguyén cia t/2, nhu thé
hién trong cong thirc (2.2), ctra s6 phan tich pitch dugce dit tai mau cudi cung cia
khung hién tai. Viéc tinh toan pitch cudi ciing s& dugc mé rong dén 20 miu (qua viée
ndi suy va kiém tra boi pitch).

BuGe 3: Phan tich voice tai cdc dai tan [12]

Khéi chitc niang nay xac dinh nim cuong do voice & 5 dai thong Vbpi, i = 1+5. N6
cling x4c dinh chinh x4c hon pitch va gia tri ham tu twong quan chuan hoa di tim
duoc.

Tin hiéu tiéng nodi dau vao s& duoc loc & nam dai tan: 0500 Hz, 500+1000 Hz,
1000+2000 Hz, 2000+-3000 Hz, 30004000 Hz béng cac bd loc Butterword bac 6.
Vié¢c xac dinh pitch chinh xac thyc hién trén tin hi¢u dau ra cua bo loc 0+500 Hz. C6
hai gié tri pitch duoc xem xét 1 pitch téng thé ctia khung hién tai va khung trudc do,
d6i voi mdi gia tri pitch duoc xét, ham ty tvong quan chuan hoa (phuong trinh 3.1)
duoc tinh trén khoang + 5 cua gia tri pitch do, tiép theo pitch phan s& duoc tim tiép
xung quanh gié tri nguyén téi uu tim dugc. Néu pitch phan ndo 6 gid tri ham ty tuong
quan chuan hoa 16n hon s& dugc chon 1a pitch méi P». Gid tri ham ty twong quan
chuan hoa r(P») 12 cuong do voice dai tan 0+500 Hz. Gia tri P s& duoc dung dé xac
dinh cuong do voice ¢ cac dai tan khac, xac dinh pitch cudi cung va tinh todn do
khuéch dai.

Bdi vai cac dai tan con lai, cuong do voice trong dai do 1a gia tri 16n hon trong hai

gia tri sau:
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+ r(P2) trong thi tuc tim pitch phan trong dai tn nay

+ r(P2) trong thu tuc tim pitch phan ctia dudng bao mién thoi gian cia tin hiéu

trong dai nay.

Gia tri nay s€ dugc giam di 0.1 dé bu lai sai s6 do viéc 1am tron tin hiéu duong bao
mién thoi gian. Viéc tinh toan dudng bao nay do mot khdi tach toan dang song va
mot bo loc 1am tron. Bo loc nay gom mot diém khong mot chiéu va mot cip diém cuc
phirc tai tan s6 150 Hz, ban kinh 0.97.

Bucorc 4: Xdc dinh chinh xdc pitch phan

Thi tuc nay dya trén co so ndi suy dé ting do chinh xac cua gia tri pitch dau vao.
Néu gia tri ¢au vao 1a pitch phan thi s& duoc lam tron téi sb nguyén gan nhat. Gia sir
gié tri pitch nguyén 1a T mAu, cong thic ndi suy gia thiét rang ham r(t) dat gia tri 1on
nhat trong doan [T, T+1]. Trong thii tuc nay cr(0, T-1) va cr(0, T+1) duogc so sanh dé
xéc dinh gia tri r(t) 10n nhat d6 nim trong doan [T-1, T] hay [T, T+1], luu y rang khi
c1(0, T-1) > c1(0, T+1) (tic 1a pitch nam trong doan [T-1, T] ) thi pitch s& dugc trix
di 1 dé ding véi gia thiét ctia cong thirc ndi suy.

Do 1éch phan A duogc tinh bdi cong thire ndi suy sau:

Ao c; (0,7 +D)ec, (T, T)—c,(0,T)c (T, T +1)

c; (0,7 +D[c, (T, T +D)]+c, (0, c,(T+LT+1)—c, (T, T +1)]

(2.3)

trong d6 cr(m, n) dugc dinh nghia ¢ cong thuce (2.2).

Trong mét sb truong hop, A vuot ngoai dai 0.0+1.0, vi vay né dugc gidi han trong
dai -1+2.Gia tri pitch phan 1a T + A va nam trong dai 20+160.

Gia trj tu twong quan chuan hoa tai gia tri pitch phan tim dugc bang:

(1-A)e, (0,T)+Ac, (0,T +1)

T+A)=
) \/cT(O,0)[(1—A)2cT(T,T)+2A(1—A)cT(T,T+1)+A2cT(T+1,T+1)]

(2.4)

Céc phuong trinh trén dya trén viéc ndi suy tuyén tinh cdc mau tin hi¢u dau vao.

Buéc 5: Co khéng tudn hoan
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Co khong tuan hoan dugc dit bang 1 néu Vbpi< 0.5 va bang 0 néu nguoc lai. Khi
dugc dat bang 1, co ndy thong bao cho khdi gidi ma rang thanh phan xung kich thich

mang tinh khong tuan hoan nhiéu hon 1a tuan hoan.
BuGc 6: Phan tich dy dodn tuyén tinh.

Tin hiéu tiéng n6i dau vao duoc 1ay boi mot cira s6 Hamming 200 mau (25ms) s&
duoc bd phan tich du doan tuyén tinh bac 10 ¢6 tam dat tai mau cudi cung cua khung
hién tai. Budc dau tién 1 tim cac hé sb tu twong quan bac 010, sau d6 dua trén thuat
toan Levison — Durbin dé tim cac hé sé du doan tuyén tinh ai, i = 1+10. Cubi cing,
cac hé s6 dy doan tuyén tinh dugc mo rong dai tan 15 Hz véi hé s6 0.934 (ai = ai x

0.934)
Buéc 7: Tinh todn thing dw dw dodn tuyén tinh

bé c6 tin hi€u thang du du doan tuyén tinh, chung ta cho tin hi€u tiéng ndi dau vao
qua bo loc du doén tuyén tinh (véi cac hé s6 dugce xac dinh ¢ phan trén). Cura s6 thang
du c6 tam dit tai mau cudi cung ciia khung hién tai va c6 do dai di 16n dé st dung

trong tim pitch cudi cling,
Bucorce 8: Tinh toan do nhon cua tin hiéu thang du

D0 nhon cua tin hi€u thang du (Peakiness) dugc tinh toan trén ctra s6 160 mau co
tam dat tai mau cudi cung cia khung hién tai. P§ nhon cua tin hi¢u 1a ti s6 cua ham
chuan bac hai trén ham chuan bac nhat:

1
L3160 12

160 ~N=1

Peakiness = (2.5)

1 y160
160 <=1

|7

Néu do nhon 16n hon 1.34 thi cuong do voice dai tan thép nhat duoc dat béng 1va
néu 16n hon 1.6 thi cudng do voice ba dai tan thap nhat s& duoc dit bang 1.

Buée 9: Tinh todn pitch cudi ciing

Gia tri pitch cubi cung dugc tinh trén tin hiéu thing du sau khi da dugc loc thong

thép bﬁng bd loc Butterword bac 6 ¢6 tan sb cat 1 KHz.
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Pau tién, P> dugc lam tron dén sd nguyén gan nhat va gia tri pitch nguyén s& duoc
chon trong 1an can + 5 dé cuc dai hoa ham tuong quan chuan hoa (cong thuc 2.1).
Tiép theo 1a budc 1am tinh pitch phan xung quanh gia tri nguyén téi vu tim dugc, két
qua 14 ta dugc gia tri pitch phan P; va ty trong quan chuan hoa twong tGng 1a r(P3).
Cudi cung, chung ta s& tim pitch cudi cung bang thi tuc kiém tra boi pitch, thuat toan
nhu sau:

inputs: the input speech signal; the residual signal; P2; Pavg
outputs: P3, cor P3

fresid buffer = filter the residual with a 1 kHz Butterworth
P3 = best integer pitch on fresid over the range P2-5 to P2+5
P3, cor P3 = frac_pitch(fresid, P3)

if (cor P3 >=0.6)

Dth=0.5

if (P3 <=100) Dth=0.75

P3, cor P3 =double ck(fresid, P3, Dth)

else

P3, cor P3 = frac_pitch(input, P2)

if (cor P3 <0.55)

P3 = Pavg
else
Dth=0.7

if (P3 <=100) Dth=0.9
P3, cor P3 =double ck(input, P3, Dth)

endif
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endif

if (cor_P3 <0.55) P3 =Pavg

Buée 10: Kiém tra béi pitch

Thu tuc kiém tra boi pitch tim kiém va stra lai gia tri pitch 1a bi cua pitch thyce su.
¥ tudong cia thuat toan kiém tra ndy 1a xét cac pitch 1a udc sd cia pitch dau vao va
tinh tu twrong quan tuong tng voi ching, sau doé so sanh cac ty tuong quan nay voi
nhau, gi tri pitch c6 tu twong quan tuong (mg 16n nhat 1a pitch can tim. Tu tuong
quan ung voi pitch nho s€ duge vu tién so voi tu twong quan tng véi pitch 16n hon
bodi mot hé sb Di. Poan ma gia sau thé hién thuat toan nay:

inputs: signal; P; Dth

outputs: Pc, cor Pc

Pc, cor Pc = frac pitch(signal, P)
for (k=8; k>=2; k--)

Pk =Pc/k

if (Pk >=20)

Pk, cor Pk = frac_pitch(signal, Pk)
if (Pk <30) cor Pk = double ver(Pk, cor Pk)
if (cor_Pk > Dth * cor_Pc)

Pc, cor Pc = frac_pitch(signal, Pk)
break

endif

endif

endfor

if (Pc <30) cor Pc = double ver(Pc, cor Pc)
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Vi dau vao P va r(P), thi tuc xdc minh boi pitch tra vé gia tri nho hon giira r(P)
va r(2P), trong d6 r(2P) duoc xac dinh bang thu tyc tim pitch phan xung quanh 2P.
Viéc xac minh boi trong thu tuc kiém tra boi pitch c6 tac dung loai trir cac pitch gia
cd gia tri nho.

Budée 11: Tinh todn do khuéch dai

Do khuéch dai tin hiéu tiéng néi dau vao duoc do hai lan trong mot khung. D¢ dai
ctra s tinh toan cho hai d6 khuéch dai 1a bang nhau va thay doi theo pitch.

Khi Vbpi 16n hon 0.6, dd dai ctra s6 1a gia tri nho nhét trong cac boi cua P> 16n hon
120 mau. Néu d6 dai nay lon hon 320, né dugc chia cho 2.

Khi Vbp; nho hon hoic bang 0.6, d6 dai cira s6 1a 120 mau.

G duoc tinh todn trén cira s6 ¢6 tAm & trude mau cudi cung cua khung hién tai 90
mau va ctra s6 dé tinh toan G, c6 tim tai mau cubi cung cua khung hi¢n tai. Cac do

khuéch dai 14 cac gia tri RMS, dugc tinh theo dB:

L
G. =10log,,(0.01 +%Zsj (2.6)
n=I

Tin hiéu d¢au vao nam trong dai -32768+32767, L 1a do dai ctra s6 da dé cap o trén.

Thanh phan 0.01 tranh dé tham s6 ctia ham log quéa gan 0. Néu G; nho hon 0 thi G;
bang 0.

Buoc 12: Cap nhdt pitch trung binh

Pitch trung binh thoi gian dai Paye dugc cap nhat bﬁng mot tha tuc lam tron don
gian sau:

Néu r(P3) 16n hon 0.8 va G 16n hon 30dB thi P duoc dit vao mot bo dém gdm ba
gi4 tri pitch manh gan nhét p;, i = 1+3. Néu khong, ca ba gia tri pitch trong bo dém
dugc thay doi hudng t6i gia tri pitch ngdm dinh, Pyefaue = 50 mau theo cong thirc sau:

pi=0.95 pi + 0.05 Paegautr, i = 143 (2.7)

Gia tri pitch trung binh sau d6 dugc chon la gia tri ¢ gitra cua ba gia tri trong bd

dém. Paye dugc sir dung trong tinh toan pitch cudi cing.



45

Buorc 13: Luong twr hod cdc hé 6 du dodn

Pau tién, cac hé sd du doan tuyén tinh ai, 1 = 1+10 dugc chuyén ddi thanh céc tan
s6 phd duong (Line spectrum frequency-LSF). Tiép theo, cac thanh phan LSF duoc
sap xép theo thir tu ting dan voi khoang cach nho nhit 1a 50 Hz. Tiéu chuan khoang
cach nho nhat nay duoc thyc hién bang cach sta timg cip tan sé khong thoa man.
Doan ma gia sau thé hién thuat toan nay:

dmin = 50

for (i=1; i<10; i++)

d =1]i+1] - f]i]

if (d < dmin)

sl =s2 = (dmin-d)/2

if (i==1 and f[i] < dmin) s1 = {]i]/2

elseif 1> 1)

tmp = f[i] - f[i-1]

if (tmp < dmin) s1 =0

else if (tmp < 2*dmin) s1 = (tmp-dmin)/2

endif

if (i==9 and f[i+1] > 4000-dmin) s2 = (4000-f[i+1])/2

else if (1< 9)

tmp = f[i+2] - f[i+1]

if (tmp < dmin) s2 =0

else if (tmp < 2*dmin) s2 = (tmp-dmin)/2

endif

f[i] =[] - sl
fli+1] = f[i+1] + s2
endif

endfor
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Vector LSF nhan dugc f s€ dugc lugng tir hod stir dung bd lugng tur vector nhiéu
tang (Multi-stage vector quantizer — MSVQ). Sach ma MSVQ gdm 4 tang v&i s6 mirc
tuong ung la 128, 64, 64 va 64.

Vector dugce lugng tir hod fla téng cua cac vector dugc lya chon & mdi téng.
Vector tim duoc c¢6 binh phuong khoang cach Euclidean duoc 1ay trong so gitta cac
vector trudc lugng tir hod va sau lugng tir hoa 13 nho nhat:

dz(f,})z_Zw,-(fi—}i)z (2.8)

Trong do6:

P(f)*,1<i<8
w, =1 0.64P(f)*?,i=9 (2.9)
0.16P(£)°?,i =10

f; 1a thanh phan tht i ctia vector LSF chua lugng tir hoa va P(f)) 1a pho cong suit
bd loc du doan ngugc dugc danh gia tai tan sb fi. Thu tuc tim kiém cac cector luong
tir hod trén 1a mot xap xi téi wvu M (M = 8) voi mot tim kiém day du. Vector ma tbi
vu tim dugc ¢ mdi tang duge luu lai dé sir dung véi ting tiép theo.

Sau d6, cac vector LSF di luong tir hoa dugc sip xép theo th ty ting dan va dam

bao khoang cach nho nhat 50 Hz nhu dd mo ta & trén. Céc vector tim duoc s& duoc
st dung trong tinh toan bién do Fourier.

Bucorc 14: Luong tur hod pitch

Gia tri pitch cudi cling P3 trong dai 20+160 miu duoc lugng tir hoa logarit véi bd
lugng tr hoa déu 99 mirc. Sau do, gia tri pitch dugc anh xa sang mdt tir ma 7bit su
dung bang tra. Ttr ma toan cac bit 0 thé hién trang thai unvoice, khi Vbp: nho hon
0.6. Tat ca 28 tir ma voi trong s6 Hamming 1 hay 2 duoc danh dé chdng 16i.

Buée 15: Lieong tir hod dg khuéch dai

C6 hai gia tri do khuéch dai can lugng tir hao 1a G va Go.
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Pé lugng tir hoa G», ngudi ta sir dung mot bo lwong tir hod déu 5bit trong dai tir
10+77dB.

béi véi Gy, nguoi ta su dung mot b lugng tir hod 3bit theo thuat toan thich nghi
sau:

Mot khung s& nam trong doan tiéng no6i on dinh néu thoa mén hai diéu kién sau:

1) G2 ctia khung d6 nam trong khoang 5 dB xung quanh G» ctia khung trudc

2) G cua khung d6 nam trong khoang 3 dB xung quanh gié trj trung binh cua 2
gia tri G2 khung d6 va khung trudec.

Khi d6, mot tir ma toan bit 0 duoc giri di dé chi thi cho khéi giai ma dit G bang
gia tri trung binh G2 cua khung hién tai va khung trudec.

Néu khong, khung hién tai nam trong doan chuyén tiép ctia tiéng noi va G s& duoc
luong tir bang mot bo lugng tir déu 7bit trong dai gitra hai gia tri G2 ciia khung hién
tai va khung trude duoc mé rong 2x6 dB theo hai phia va nam trong dai tir 10+77 dB.
Doan ma gia sau mo ta thuat toan lugng tir thich nghi Gi:

if (|G2 - G2p| < 5.0 and |G1 - 0.5 *(G2 + G2p)| < 3.0)

quantizer_index = 0

else

gain_max = max(G2p, G2) + 6.0

gain_min = min(G2p, G2) - 6.0

if (gain_min < 10.0) gain_min = 10.0

if (gain_max > 77.0) gain_max = 77.0

quantizer index values 1 to 7 are determined by quantizing G1 with a 7-level,
uniform quantizer ranging from gain_min to gain_max

endif

Budoc 16: Luong tur hod cwong do voice cac dai tan
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Khi Vbp: nhé hon hay bang 0.6 (unvoice) thi Vbpi, i = 1+5 dugc lugng tir hoa
bang 0.

Khi Vbp: 16n hon 0.6 thi cuong d6 voice cac dai con lai dugc luong tir hoa bang 1
néu chiing

Co6 mdt ngoai 1€ 1a khi Vbp;, i = 2+5 lan luot 14 0001 thi Vbps cling dugc luong tir
hoa bang 0.

Bucorc 17: Tinh todn va luong tur hoa bién do Fourier

Khéi chtrc ning nay xac dinh bién do Fourier ctia mudi hai pitch dau tién cua tin
hiéu thang dy du doan. Tin hiéu thing du nay 1a tin hiéu tiéng n6i dau vao sau khi da
qua mét bd loc nguge LPC véi cac hé sé da dugc luong tir hoa gian tiép thong qua
mién LSF.Viéc phan tich s dung FFT 512 diém trén mot cira s6 200 mau.Dau tién,
mét cira sd Hamming 200 mau sé duoc léy trén tin hi€u thang du ndi trén, thém vao
cac mau khong va thyc hién FFT phirc. Dau ra FFT s& dugc chuyén thanh dang thanh
dang bién d0-pha, cac hai s€ dugc xac dinh béng thuat toan xac dinh dinh phé.

Khéi x4c dinh dinh tim kiém cyc dai trong doan c6 d6 dai [S12/ P, ] mAu tan s6 (Ps
1a gia tri pitch da luong tir). Poan tan sb nay co tdm 1a udc lugng ban dau cua hai
pitch can tim cuc dai, u6c lwong ban dau dbi véi hai tha i 1a 512i/P,. Gidi han s6
lugng bién do hai dugc duge tim kiém 1a min(10,P,/4). Nhitng bién do nay dugc
chuan ho4 dé c6 RMS = 1.0. Néu c6 it hon 10 hai dugc tim thay thi cac bién d6 con
lai duoc dat béng 1.

10 bién d0 duogc xac dinh ¢ trén s€ dugc luong tir hoa béng mot bd lugng tir vector
8bit. Viéc tim kiém trong sach ma dua trén tiéu chudn khoang cach Euclidean c6 lay
trong s6 cam quan nho nhat voi cac trong sé cam quan c¢b dinh, chung c6 tac dung
nhan manh thanh phan tan s6 thap dbi véi cac thanh phan tan s cao:

2

117 . (2.10)

2 0.69
25+75(1+1.4 L
1000
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Trong d6 f; = 8000i/60 14 tan s6 (Hz) twong tng véi hai thi i khi chu ki pitch ngdm
dinh bang 60 mau.

2.3.2.2. Quda trinh giai ma MELP

B6 giai ma tiéng n6i MELP dya trén mo hinh tham s6 ma hoa du doan tuyén tinh
LPC truyén thong va duoc bd xung 5 dic diém sau:

1) Kich thich hon hop

2) Xung khéng tuan hoan

3) Tang cuong pho thich nghi

4) Phan tan xung

5) M6 hinh hoa bién d6 phé Fourier

Céc dic diém nay duoc thé hién & so d6 khéi bo giai ma MELP trong Hinh 2.3.

Kich thich hén hgp: day 1a dic diém chu yéu nang cao chét luong cia MELP so
v6i vocoder LPC truyén thong nhu di phan tich & trén. Diéu nay dugc thuc hién bang
cach sir dung mo hinh tron da bang. M6 hinh nay c6 thé téi tao cuong do voice phu
thudc tan sb bang cach sir dung mét cau triic loc thich nghi theo ting khung tin hiéu.
CAu triic nay gém hai bo loc dang cho hai ngudn kich thich voice va unvoice, hai cac
bd loc nay dugc xay dung tir mot dan loc thong dai ¢ dinh. Su gop phﬁn ctia moi bod
loc thong dai vao bo loc dang phu thude quyét dinh voice/unvoice trong dai thong
tuong tng, tuc 1a bd loc dang cho kich thich voice dugc xay dung. Tac dung chinh
ctia kich thich tron 1 giam cac 4m 6n U cua vocoder LPC truyén thong.

Xung khong chu ky: khi tiéng n6i dau vao 1a voice, bd ma hoa MELP c6 thé dung
cac xung tuan hoan hay khong tuan hoan dé tai tao lai tiéng néi. Cac xung khong tuan
hoandugc sir dung trong cac ving chuyén tiép gitta voice va unvoice cua tiéng noi.
Pic diém nay cho phép cac bo giai nén ti tao lai cac nguyén 4m khong 6n dinh ma

khong dua vao giong noi tong hop cac am giong noéi khac.
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Co khong tuan
hoan
& pitch

DFT nguoc > B6 loc dang

Kich thich hon
hop

Cac bién do
Fourier

Cuodng d¢ thoai
cac dai thong

.

Sinh nhiéu

B6 loc dang

Tiéng noi

Tang cuong pho 336 loc Bo6 loc téng hop
thich nghi > tor]igp lé(’P —> b —P{phén tin xung

t f |

Hinh 2.3. So b khéi giai ma MELP [11]

v

B¢ loc ting cwong pho thich nghi: dua trén cac dic diém cia bo loc tong hop dy
doan tuyén tinh. Bo loc nay duoc str dung dé ting cudng ciu trac formant cua tiéng
no6i tong hop va lam cho dang song tiéng néi tong hop gan hon vdéi tiéng néi ty nhién

ban dau hon, tic 14 lam cho tiéng néi tong hop giéng véi tiéng néi ty nhién hon.

Phan tan xung: duoc thuc hién st dung mot bo loc ¢ dinh. Bo loc nay co6 cac hé
sO suy ra tir mot xung tam giac lam phang phd, nd cé tac dung trai nang luong kich

thich trong mot chu ki pitch, giam cac 4m chéi gay kho chiu cua tiéng noi tong hop.

Muwoi bién do Fourier dau tién: duoc xac dinh tir cac dinh cua bién ddi Fourier
trén tin hi€u thang du du doan. Cac thong tin chura trong cac hé sb nay cai thién tinh
chinh x4c ctia mé hinh tao tiéng noi tai cac tan s6 thap dong vai trd quan trong trong
cam thy tiéng néi. Piéu nay lam ting chat luong tiéng néi tong hop, dic biét dbi voi
giong ndi nam va khi c6 nhiéu nén.

Qua trinh gidai ma Melp dwoc thuc hién qua cdac budc co ban dwoc mo ti dwoi
day:

Buéce 1: Ldy cdc bit théng tin va sira 161,

Céc bit thu dugc qua kénh truyén dan s& duoc 1y ra va t6 chirc thanh cac tir ma

tham s0. Qua trinh gidi ma tham s6 do6i v&i hai mode voice va unvoice la khac nhau.
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Pitch s& duoc giai ma dau tién boi nd chira cac thong tin vé cac mode nay. Néu tir ma
pitch chi gdm toan bit 0 hay chi duy nhat mét bit 1 thi mode unvoice s& duoc sir dung.
Néu c6 hai bit 1 thi c& chi thi xo4 khung s& dugc lap. Trong cac truong hop khéc thi
gia tri pitch s€ dugc giai ma va mode voice s€ duogc sir dung.

Trong mode unvoice, ma Hamming (8, 4) dugc gidi ma dé sira cac 161 mot bit va
phat hién cac 15i 2 bit. Néu phat hién mot 18i khong thé sira, cd xoa khung s& duoc
1ap. Néu khong, cac ma Hamming (7, 4) dugc giai ma, stra cac 16i mot bit (khi khong
c6 161 hai bit nao).

Néu co xo4 khung dugc 1ap trong khung hién tai do md Hamming, tir mi pitch
khong hop 1€ hay dugc chi ra tir kénh truyén dan thi mot co ché 1ap lai khung dugc
thuc hién. Tat cac cac tham sd cho khung hién tai s& duoc thay thé bang cac tham s
cua khung trude. Ngoai ra, do khuéch dai dau tién duoc dat bﬁng dd khuéch dai tht
hai dé loai trir sy chuyén tiép mirc khuéch dai.

Néu cd xo04 khung khoéng dugc 1ap, cac tham sb con lai s& duoc giai ma. Cac tan
s6 pho duong LSF duogc kiém tra theo diéu kién tht ty ting dan va khoang cach t6i
thiéu nhu mé ta & phan 3.5 Trong mode unvoice, cac gia tri tham s ngam dinh dugc
st dung cho pitch, d¢ dich (jitter), cuong do voice cac dai tan va cac bién d6 Fourier.
Gia tri pitch duoc dat béng 50 mau, jitter béng 25%, tAt ca cac cuong do voice dai tan
déu duoc dyat béng 0 va cac bién do Fourier duoc dat béng 1. trong mode voice, Vbpi
duoc dat bﬁng 1, jitter duogc dat béng 25% néu co khong tuan hoan dugc dat béng 1,
néu khong jitter dugc dit bang 0%. Cudng do voice ddi voi bdn dai tan dugc dit bang
1 néu cac bit twong tmg 1a 1 va nguoc lai. C6 mot ngoai 18 1a khi cac bit tvong tng
Vbpii=2,3, 4,513 0001 thi Vbps duoc dit bang 0.

Khi mi cua tham sb khuéch dai thir nhat Gi nhan duoc gdm toan bit 0 thi mot sb
16i trong tham sé khuéch dai thir hai Gz c6 thé dugc phat hién va stra lai. Qua trinh
sira 18i ndy cai thién chat luong trong diéu kién 16i kénh. Qua trinh nay dugc minh

hoa bang doan ma gia sau:
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inputs: G1_index, G2_index
outputs: G1, G2
internal: G2p, G2p_error

G2 = decode(G2_index) 32 levels, range: 10 to 77 dB

if (G1_index == 0) special G1 code: use mean of G2 and G2p
if (/G2 - G2p| > 5) G2 _index probably in error

if (G2p_error == 0) G2p is correct

G2=G2p replace the erroneous G2 with past value
endif

G2p_error =1

else

G2 _index probably correct

G2p_error =0

endif

G1=0.5*(G2+ G2p) mean of G2 and G2p
else

G1 = decode(G1 _index) 7 levels, range: min(G2, G2p)-6 to max(G2,G2p)+6

G2p _error=0  (above range is clamped to 10 to 77 dB)

endif

G2p=QG2 save for use as past value

Bu6e 2: Suy gidm nhiéu

Péi vai tin hiéu dau vao khong c6 nhidu nén, ca hai d6 khuéch dai sau khi giai ma
s€ duoc suy gidm mdt gid tri nhd sé dung luat trir cong Suét. bay 1a mot truong hop
don gian hod, bét bién theo tin s6 clia phuong phap triét nhiéu trir phd lam tron
(Smoothed Spectral Subtration noise suppression).

Trude khi xac dinh d6 suy giam cho d6 khuéch dai thr nhat Gy, nguoi ta s€ cap
nhat lai wéc lugng nhiu nén G, tir gia tri truéce cta nd theo thu tuc sau:

Néu G1> Gy + Cup thi Gn = G + Cyp

NEuG1< Gn - Cdown thi Gn = Gn - Caown
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Néu khong G, = G
Cwyp =0.0337435
Cdown =0.135418

B6 wéc huong nhidu nay ting 3 dB/s va giam 12 dB/s v6i tbe d6 cap nhat do khuéch
dai 13 88.9 lan/s. gia tri wdc luong gidi han trong khoang 10+80. Uéc luong nhidu
nén ciing duoc st dugn trong tinh toan ting cudng pho thich nghi (phan 6.4.5).

P khuéch dai Gi duoc diéu chinh bang cach trir di mot dai lwong hiéu chinh duong

Gait theo dB:

G,, =—10log,, (1-10"1%"41) @.11)

trong 46 Ga 14 udc lugng nhidu nén (theo db) va G 13 thanh phan khuéch dai dau
tién (theo dB).

Pai luong hiéu chinh nay c6 gidi han trén 1a 6 dB dé tranh sy thay doi bat thuong
1a nhiéu tin hiéu. Dé dam bao chi nhiing tin hi¢u khong bi nhiu nén méi bi suy giam,
gia tri G, dugc sir dung trong phuong trinh trén bi cat tai can trén 1a 20 dB.

Udc luong nhiéu va cac bude diéu chinh d6 khuéch dai duoc lap lai ddi voi do
khuéch dai G2. Chu ¥ rang cac khung 13p lai s& khong duoc udc luong nhiéu va suy
giam d6 khuéch dai.

Buéc 3: Néi suy tham sé

Tt ca cac tham s6 tong hgp MELP déu duoc ndi suy dong bd véi pitch trong mdi
chu ky pitch dugc tong hop. Cac tham sé duoc ndi suy bao gdm: do khuéch dai (dB),
cac tan s6 phé duong LSF, pitch, jitter, cac bién d0 Fourier, xung va cac h¢ s6 nhiéu
cho kich thich hdn hop, va cac hé sb diéu chinh pho ciia bd loc ting cudng phd thich
nghi.

Do khuéch dai duoc ndi suy tuyén tinh va tuy theo thoi diém bat dau to (to= 0,
1,..179) ctia chu ky pitch mé&i. Néu tonhé hon 90 thi d6 khuéch dai dugc noi suy giira
d6 khuyéch dai thir hai ciia khung trudc Gap, va do khuéch dai thir nhat cia khung

hién tai Gi, trong truong hop khac 1a gitta G1 va G,. Cac tham s6 khac néi chung s&
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dugc nodi suy tuyén tinh giita cac gia tri cua khung hién tai va khung qua kht. Hé s
ndi suy int d6i voi cac tham sb nay dya trén diém bat dau cua chu ky pitch mai:

int = to/180 (2.12)

C6 hai ngoai 18 trong thi tuc noi suy lién quan dén su thay d6i 10n trong cac tham
sd khi bat dau mot chu ki pitch 1a:

Thi nhét, néu c6 su thay d6i manh véi tan sb pitch cao thi gia tri pitch moi s& duoc
dung ngay ma khong qua noi suy. Diéu kién 12 G 16n hon Gy 6 dB va chu ky pitch
cua khung hién tai nhé hon mot nira chu ky pitch cia khung trude.

Thit hai, néu Ga thay d6i 16n hon 6 dB thi cac tan s6 phd duong LSF va pitch duoc
ndi suy dua trén vi¢c ndi suy cac h¢ sb khuyéch dai. D6 1a do hé s khuéch dai duoc
truyén di hai 1an d6i véi mdi khung, vi vay sé& noi suy chinh xac hon. Trong trudng
hop nay hé s6 ndi suy la:

Gint_G2p (213)
G,-G

int =
2p

Bude 4: Tao kich thich hon hop.

Kich thich hdn hop duge tao ra 1a tong cua cac kich thich nhidu va xung sau khi
da loc. Kich thich xung e, (n), n = 0, 1,..T-1 dugc tinh qua IDFT c6 d¢ dai mét chu
ky pitch:

1 T-1 .
e, (n) = —ZM(k)e’z’”’k/T (2.14)
T'i=

Chu ky pitch T 1a gia tri pitch noi suy cong véi tich ctia hé sd jitter va gia tri pitch
d6. Trong d6 jitter bang gia tri jitter dd ndi suy nhan véi mot sé ngiu nhién trong doan
[-1,1]. Chu ky pitch duoc 1am tron t6i sé nguyén gan nhat va giéi han trong khoang
20-+160.

Pha cua tit ca cac kich thich xung dugc dit bang 0 do M(k) thuc. Vi e, (n) thuc
nén

M(T-k) =M(k) k=1, 2,...L (2.15)

Trong d6, L = [T/2]
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Thanh phan mét chiéu M(0) duoc dat bang 0. Cac thanh phan bién d6 M(k), k=1,
2,...10 duoc dat béng gia tri ndi suy cua bién do Fourier, cac thanh phﬁn bién d0 khac
duogc dat bang 1.

Pé tranh sy thay doi dot ngot khi bat dau chu ki pitch, kich thich xung duoc dich
vong 10 mau dé xung kich thich chinh c6 tai mau thtr 10 cua chu ki. Xung nay duoc
nhan véi can binh phuong cua chu ki pitch dé co tinh hiéu c6 RMS déu va sau d6
dugc nhan vaéi 1000 dé c6 mire tin hidu danh dinh.

Nhiéu duoc mét bo sinh s6 ngiu nhién déu c6 RMS bang 1000 va nam trong dai
tu -1732+1732.

Céc tin hi¢u kich thich xung va nhiéu sau d6 duoc loc va léy téng lai tao thanh
kich thich tron. Bo loc cho kich thich xung c6 cac hé s6 dugc 13y tong tir tit ca cac
hé s6 tuong tng ctia cac bo loc thong dai o cac dai tan da quyét dinh 13 voice. Tuong
tur, bo loc cho kich thich nhiéu c6 cac hé sd dugc 1ay tong tir tat ca cac hé sd tuong
ung cua cac bd loc thong dai ¢ cac dai tan da quyét dinh 14 unvoice. Cac hé s bo loc
déu duoc nodi suy déng bod voi chu ki pitch.

Buéc 5: Tang cuong phé thich nghi

Tin hiéu kich thich hdn hop dugc tao ra ¢ trén tiép theo s& duoc cho qua bd loc
tang cuong pho thich nghi. Bo loc ndy 1a bd loc cuc/khong bac 10 cong voi mot thanh
phén bu bac 1. Cac hé sb ciia né duge tinh tir ham truyén duoc mo rong dai thong cua
b loc du doan tuyén tinh.

TU cac tan sb phé duong sau khi ndi suy, ta c6 ham truyén cua bo loc du doan
tuyén tinh A(z). Tiép theo, bam truyén cua bd loc ting cuong Hase(z) duoc tinh theo

cong thuc:

H. ()= (14427 (2.16)

trong do
a=05p

p=08p
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va hé s diéu chinh p bang gia tri ciia max(0.5k;, 0), ndi suy va nhan voi xac suat
p cua tin hiéu. Hé s6 phan xa thir nhat ki dugc tinh tir cac tham s6 tan s6 phod duong
LSF d3 giai ma. Do quy udc vé ddu cia cac hé sd cta bd du doan MELP, k; thudong
am dbi v6i cac phd voice. Xac sudt tin hiéu p duge udc lugng bang cach so sanh do
khuéch dai noi suy hién tai Gine v6i wéc lugng nhiu nén Gutheo cong thic:

_Gy—G,-12
18 (2.17)

Xéc suét tin hiéu nim trong doan [0, 1].

p

Bu6c 6: Tong hop du dodn tuyén tinh

Bo téng hop st dung mot bd loc dang truc tiép voi cac hé sb twong g voi cac
tham s6 tan s6 phd duong LSF da duoc ndi suy.

Bude 7: Piéu chinh dé khuéch dai

Do tin hiéu kich thich dugc tao ra tai mot ngudng bat ki nén can phai dwa do khuéch
dai tiéng néi vao tiéng néi tong hop. Hé s6 diéu chinh ti 1¢ sgain duoc tinh cho mdi chu
ki pitch duoc tong hop do dai T bang cach chia gia tri RMS mong mudn (Gint can phai
dugc chuyén tir dB) cho gia tri RMS cua tin hiéu tiéng néi tong hop chua duge didu
chinhtil¢ s, :

Gin /20
S _ 10

& (2.18)
?Z‘Sn

Pé tranh hién tuong khong lién tuc trong tiéng néi tong hop, hé sé diéu chinh ti 18
nay duoc ndi suy gitta cac gia tri trude va hién tai ddi voi 10 mau dau tién caa chu ki
pitch.

Budoc 8: Phan tan xung

B0 loc phan tan xung 1a mot bo loc FIR béac 65. Cac hé s6 cta b loc ndy duoc tinh
tir mot xung tam giac 1am phang pho.

Bu6e 9: Piéu khién vong Idp tong hop

Sau khi xtr Iy mdi chu ki pitch, bo gidi ma cap nhat to bang cach cong vao sé miu

T trong chu ki vira dugc tong hop. Néu to nhé hon 180, qua trinh tong hop ddi voi
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khung hién tai tiép tuc tir budc ndi suy tham sé. Néu khong, bo giai ma giir lai phan
con lai cta chu ki pitch hién tai nam sau khung hién tai trong by dém va léy gia tri

khai tao dau cho khung tiép theo 13 to—180.
2.3.3. Pé xudt by ma hod MELP cdi tién téc dp thip

Piém mau chét trong thoa hiép giita chat lwong va téc do ctia bo ma thoai 1a do
chinh xéc cta xéc dinh pitch vi pitch khong chi xac dinh chinh xac tan s co ban ma
con anh hudng dén viéc ndi suy tat ca cac tham sé khac [79]. Phuong phap xac dinh
pitch cai tién thyuc hién voi gia tri toi wru cua chu ki pitch va cac tham sé LPC t6i uu

1a cac gia tri sao cho sai s6 nho nhét giita phd goc | S (w)| va pho tong hop | S () |:

|
825”[\%(@)\—

S, (o) T dw (2.19)

Trong d6 bién d6i Fourier thoi gian ngin S.(®) ctia mot doan tin hiéu sw(n) duoc
lay boi cira s6 w(n) s& dugec mo hinh hoa 13 tich cua dudng bao phd Hw(w) va phd
kich thich E.(w):

§,(0)=H,(0) | E,(0) 220)

Puong bao phd dugc biéu dién bang cac hé sé dy doan tuyén tinh LPC. Pho kich
thich bién d¢ | £ (w)| 12 phd ctia kich thich hdn hgp cic xung tuan hoan va nhidu dugc
wdc lugng & ndm dai tan cua tin hiéu tiéng noéi dau vao.

Dé thyc hién, phé tin hiéu duoc chia déu vao cac dai tAn co tAm tai cac hai cia tan
sd co ban ung véi pitch dang xét. Bé don gian, mé hinh hoa dudng bao phd 1a mot
hang s trong khoang hai thir m v6i gi tri Am. Khi d0, sai s6 pho (2.19) trong khoang
tan s6 xung quanh hai thir m bang:

b

=

4

m

Ew(w)Hz do (221)

S, (a))‘ =

va sai sO pho trén toan dai tan img v6i mot chu ki pitch dang xét la:

=3z,
m

(2.22)
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Mot van dé khac, 13 hién tuong thay doi pitch dot ngdt do anh hudng cia ciu tric
hai hay nhidu. Dé giai quyét van dé nay, phuong phap bam pitch duoc thuc hién theo
quy hoach dong, khic phuc duogc hién tugng trén nhung khong 1am mét d6 chinh xac
cua pitch nhu cac phuong phéap lam tron thong thuong khac.

Pé thyc hién phuong phap quy hoach dong, cac tham sb pitch va sai s pho tuong
g ctia bdn khung duoc sir dung bao gém: khung qua khir, khung hién tai, va hai
khung tuong lai. Trong mdi khung, chon ra nam pitch P[i] (i = 0+4) c6 sai s6 phd
tuong tmg nho nhat ¥j[i], j 13 chi s6 ctiia khung. Muc dich cudi cung 1a tim 1a pitch
thuc sy cuia khung hién tai.

Mot duong pitch qua cac khung dugc danh gia bang mot ham trong s theo phuong
phap quy hoach dong gdm hai thanh phan:

(1) Cac trong sb ciia cac node ma duong pitch d6 di qua: 1a sai sé pho twong Ung;

(2) Khoang cach giita hai node lién tiép (thudc hai khung lién tiép) trén duong
pitch: 1a chénh léch gitra cac pitch.

Cong thirc x4c dinh trong s6 ctia mot dudng pitch qua bon khung (7 = 0+3) la:

3 3

W= jZOch +;\Pj -P,| (2.23)

Trong d6, ¢ 13 hang s6 dé can bang trong sd gitta cac node va cac khoang cach co
dai dong khac nhau.

Theo phuong phép quy hoach dong, pitch can tim trong khung hién tai s& nim
trong duong pitch cé trong s6 nho nhat. Hai budc thuc hién chinh nhu sau:

Budc 1: V&i mdi pitch trong nam pitch ciia khung hién tai, ta tim duong pitch qua n6 c6
trong s6 nhé nhat;

Budc 2: So sanh trong s6 ctia ndm dudng pitch, pitch can tim s& nam trén duong pitch co
trong s6 nho nhat.

Luu y 13 do chi bam pitch trén cac khung voice lién tuc nén néu duong pitch gip

mot khung unvoice thi s& két thiic ngay & do.
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Khung Khuna Khung Khung
qui khir hién tai frong lai 1 trom lai 2

° ° °
Hinh 2.4. Bam pitch theo phuwong phap quy hoach dong

Chi tiét cdc bude duoc thé hién nhw sau:

1. Chon nam pitch c6 sai s6 ph nho nhat ciia khung twong lai thir hai. Gia thiét
rang ta cling da co cac diy pitch & cac khung qua khtr, hién tai va tuwong lai thir nhat;

2. Tim node & khung hién tai c6 dudng pitch di qua né cé trong s6 nho nhat;

3. Cap nhat lai gia trj pitch va sai s6 pho cac khung san sang cho khung tiép theo.

Két qua mé phong

So sanh tiéng noi tong hop ctia bd ma hod iIMELP cai tién st dung thuat toan xac
dinh pitch méi néi trén so véi MELP chuan cho thiy tiéng noéi tong hop nghe 16 va
ty nhién hon. Co thé nhén thay su khéac biét rd khi nghe so sanh hai tiéng noi tong
hop dung MELP va IMELP. Hinh 2.5 thé hién vu diém ciia MELP cai tién so véi
MELP. Cac 4m dot bién khé chiu do x4c dinh sai pitch (thé hién rd nhét tai ving canh
duong cham, tic 13 cac ving ma MELP bat dau xac dinh sai pitch) trong MELP da
duoc loai trir trong MELP cai tién.

Budc tim pitch nguyén khong yéu cau tim ngay dugc pitch thuc su, gid tri pitch
tim dugc trong budc nay 13 boi hay chi gan pitch thyc sy ciing 1a dat yéu cau. Thu tuc

tim pitch phan va tim pitch cudi cling s& xac dinh lam tinh va xac dinh pitch thyc su
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én dugc thyc hién trén chip ctia hang ST 1a STM32F437.
Chip STM32F437 stir dung cong nghé¢ ARM Cortex-M4 nén tang RISC 32bit c6 toc

9

A

0 gidin

thuc thi nén thoaivab

3 trinh duoc

0 qua

A

I4

14

dd Clock 180MHz, ho tro dau cham dong, bo nho trong 2MB. Toan b

~
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\

thuc hién trén vi xir ARM theo so o khoi sau:
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Pau vao | |Bo chuyén | | Encoder | | Mahoa
thoai dbi AID Melpe AES

Paura L |Bo chuyén || Decoder | | Giaima
thoai dbi D/A Melpe AES

Hinh 2.6. Phin cirng thye hién nén

va ma thoai Melpe

Hinh 2.7. (a) Dir li¢u thoai diu vao trong 3,3s; (b) Dir li¢u thoai sau khi
nén bing iMELP cii tién toc do 1200bps

Hinh 2.8. Phan tich pho tin hi¢u vé thanh va hiru thanh
Duya trén tiéu chudn danh gia cht luong thoai theo PESQ cuia ITU, danh gia xem
bd nén thoai MELP cung véi LPC10 (trong bd Matlab) dugc nhu bang sau:

Thoai goc Da nén MOS

ORG nguyen hue.wav iMelp nguyen hue.wav 2.066
org nh.wav iMelp nh.wav 2.545
sample vinh8.wav iMelp 1200 vinh.wav 2.614
ORG _nguyen hue.wav LPC nguyen_ hue.wav 1.437
org nh.wav LPC org nh.wav 1.459
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2.4. Giai phap diéu ché va giai diéu ché dé truyén dir liéu qua kénh thoai GSM
2.4.1. Phwrong phdp diéu ché tin hiéu twa tiéng néi

Phuong phap diéu ché tin hi¢u tua tiéng noéi (speech-like waveform) da dugc thir
nghiém va mod ta trong mot s6 bai bao cia cac tac gia khic nhau
[4][25][26][27][30][36],... Pay la phuong phap truyén dir liéu dudi dang tong hop
thanh tiéng néi va co ban st dung 3 dic tinh chinh:

1) Pudng bao cta phd tiéng noi duoc biéu dién boi cac tan sd phd vach (LSF).

2) Tan s co ban hodc cao do cua giong néi (pitch)

3) Hinh dang va nang luong kich thich ACELP (hodac CELP)

Céc thong s6 néu trén dugc bao ton khi truyén qua kénh thoai GSM va PSTN.

Dit liéu dau vao duoc anh xa tdi cac thong sb trén bang 3 bang mi - codebook va
sau d6 dugc nhap vao bo tong hop (Hinh 2.9). Tiéng n6i tong hop nay khong phai 1a
ngdn ngir cta bat ky cu dan nao trén thé giéi ma nd chi cé cung tinh chit cia tiéng

noi trén phuong dién nén va gidi nén ma thoi.

— Thong s
Tao thong so > LSF
b LSF dugc chon |
/ \
/ \
g/ . \
< / Bang ma LSF \
S / \'\.
/ \
/‘" - \
TN / —= g \ 5 in hiéu ph
Dit licu Bodém |/ s bits| Tao thong so R —gh‘?’llc 500 R Tong hop Tin h ’_u phat
hat "l > G . o ano 1 > nang luong ténonei | tra tiéne néi
phat 20 bits [\ nang leong duoc chon / g ra tiéng noi
\ : 0 /
\ /
\ /
\ . . //
o\ Bang m3 nang luong /
<\ /
%\
\ n < N Z 1
\ Tao thong s6 Théng s
Pitch q Pitch
duoc chon

Bang ma Pitch
Hinh 2.9. So' @6 khoi cia phwong phap diéu ché tin hiéu tua tiéng noi [5][30]
Tiéng nodi véi cac thong sé chu yéu duoc tong hop va phat di. Bén thu co bo phan
tich tiéng n6i sé tach ra cac thong sd, kiém tra tinh twong thich rdi tra trong bang ma

dé lay ra dit liéu (Hinh 2.10).
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Trich xuat Tim kiém R Thongsd |
LSF twong thich LSF
Bang ma LSF
Tin hi¢u thu B dém Trich xuat Tim kifm N Théng s6 Dt liéu
tua tiéng noi 20ms ning hrong twong thich ning lrong thu
Bang ma nang luong
Trich xuat Tim kiém Thong 6

Pitch twong thich Pitch

Bang ma Pitch
Hinh 2.10. So @b khdi ciia phwong phap giai diéu ché tin hiéu tua tiéng néi [30]

Dt li¢u dugc gan nhu sau: 10 bit cho LSF, 5 bit cho cao d§ va 5 bit cho nang
luong. Tong cong 1a 20 bit dugc truyén trong 20 ms. Diéu nay sé cho tdc do bit 1a 1
kbps. Tdc dd bit cao hon sé& dat duge boi cac bang ma 16n hon.

C6 hai nhiém vu chinh can thyc hién trong phuong phép nay. Mot la chon loai ma
hoa tiéng néi nao s& duge sir dung va hai 1a tir d6 thiét ké cac bang ma. Do hé thong
GSM dung ma nén tiéng noi theo thuat toan CELP — ACELP nén loai ma hoa ciing
loai s€ dugc chon. Tai sao nén chon ma nén cung loai véi hé théng kénh truyén, la vi
cac thong s6 ma dit liéu anh xa vao khi truyén qua h¢ théng it bi sai 1éch hon. C6 thé
chon mot trong s6 cic md GSM-HR (VSELP), GSM-EFR, GSM-ARM (ACELP),
CELP... hodc Speedx. GSM-EFR la loai dugc uu tién lya chon vi viéc trién khai don
gian hon. Tt loai ma nén dugc chon s¢€ quyét dinh viéc thuc hién nhiém vu thir hai la
thiét ké bang ma nhu thé nao.

Thiét ké bang ma 14 cong viéc phire tap va tén nhiéu thoi gian nhat. Bang ma thuc
hién anh xa dit liéu vao cac thong s6 va sau d6 nhap chiing vao bo tong hop tiéng noi.

C6 hai phuong phap duoc sir dung dé dién vao cac bang ma.

Phwong phap biéu do.

Y tudng & day 1a tao ra cac bang ma véi cac tham sb duge sir dung thudng xuyén
nhét va it sai 1éch nhét khi truyén qua hé tr mot doan ghi 4m mau tiéng noi. Gia dinh

& day 1a cac tham s duoc st dung thuong xuyén nhét va it sai 1éch nhat khi truyén
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s& d& dang bao toan khi truyén qua hé théng. Sau khi phén tich 161 n6i mau tir may
phan tich EFR cac tham s6 duoc trich ra va théng ké. Vi dy, tham sb LSF ¢6 5 chi sd
va lan dau tién duoc lugng tir héa thanh 7 bit. Néu chiing ta muén truyén 2 bit trén
tham s6 d6, thi biéu d6 dugc chia thanh 4 khoang va t6i da dugc tim thay trong mdi
khoang va dua vao bang ma. Diéu nay dugc thyc hién dé tranh réng tat ca cac lua
chon rat gin nhau. Piéu twong tu ciing duoc thuc hién cho cac chi sé LSF khac. Do
d6, bang ma 13 su két hop cua tit ca cac gia trj toi da duoc tim thay trong biéu db.
biéu tuong tu dugc thyc hién cho pitch va nang luong.

Giai thuit di truyén GA.

Giai thuét di truyén 1a mot phuong phap dé t6i uu héa qua trinh do tim. Pau tién,
van dé duoc dinh nghia can than va theo thuat ngir cua gidi thuat di truyén goi la GA,
va dugc goi 1a bd gen. Mot bo gen cé thé duoc xac dinh theo nhiéu cach va hiéu qua
ctia phwong phap nay phu thudc vao mirc do giai quyét van dé nhu thé nao. Mot tap
hop con ciia bd gen s& dugc chon va duoc goi 1a quan thé va quan thé nay sé& tién hoa
béng cach st dung dot bién va trao ddi chéo. Bo gen thich nghi sé& tdn tai. Sau do,
chtrc ning luyén tap s& danh gia b gen nao 13 tot nhat va dugc chon dé phat trién.
Phuong phap nay khong dam bao su hoi tu cho giai phap tdi wu. Co thé sir dung bo
cong cu GA trong Matlab dé thuc hién cac mo phong.

Yéu cau 1a chon cac myc cho bang mi c6 BER thap nhat. Tuy nhién, that khé khan
khi thyc hién van dé nay vé mat GA. Khi toi wu héa LSF thi cac tham sb khac duoc
git ¢6 dinh. Bo gen sau d6 1a mot bang mé ciia cac tham s6 LSF vi bén thu phai co
mot bang ma dé c6 thé nhan duge. Ham luyén tap dung dé tinh toan BER cho mbi
muc trong bo gen roi tinh trung binh két qua. Chung ta chi c6 thé toi vu hda mot tham
sd nhung dé c6 két qua tot nhat, n6 phai dugc tdi vu hoda cac tham sé dong thoi. Pay
la nhiém vu vo cung kho khan.

Tinh 6n dinh ciia h¢ thong.
B4 loc du doan thoi gian nge‘in STP va bo loc du doan thoi gian dai LTP 1a bo

loc dap g xung vo6 han IIR va la mé hinh toan cuc (All-Pole Model). Viéc chon lya
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céc hé s6 co thé gy ra sy mat on dinh. Pé kiém tra tinh on dinh khi chon cac hé sb
c6 thé ap dung cac tiéu chuan sau:

1) Trong mién tan s (bién doi Fourier): Nyquist

2) Trong mién Z (bién d6i Z): Schur-Cohn

3) Trong mién S (bién d6i Laplace): Routh Hurwitz

Vi bac loc 10 va bang ma 1000 phﬁn ttr viéc kiém tra moi to hop céc hé s6 xem
¢6 6n dinh khong du 13 sir dung may tinh ciing 13 cong viéc khong 16. Ngoai ra ddi
v6i hé théng nén tiéng nodi cac hé s6 ctia bo loc thu dugce tir hé vat 1y that tac 1a tir 10i
n6i c6 tinh chat thay d6i cham tir mau nay dén mau khac. Péi voi qua trinh diéu ché
ta tiéng néi, dir liéu 1a s bat ky nén dir liéu hién tai va dir liéu ké tiép c6 thé khong
lién quan dén nhau. Khi tong hop thanh tiéng néi thi mau tiéng néi trudc va mau tiéng
n6i sau c6 tham sb thay doi dot ngot. Tiéng noi gia nay truyén trén GSM c6 thé bi sai

1éch nhiéu khi tai tao lai. Day cling 1a mot tr¢ ngai lon.

2.4.2. Pé xudt phwong phdp diéu ché tin hiéu kiéu vién thong truyén thong cé

cdu truc pho gan giong pho cua tiéng noi

2.4.2.1. Diéu ché tin hiéu kiéu vién thong truyén thong

Diéu ché theo phuong thirc vién thong truyén théng dugc nhiéu tic gia nghién ctru.
Thuc nghiém cho thiy diéu ché (s6) khoa pha (dich pha) PSK t6t hon so v6i diéu ché
(s6) khoa bién do (dich bién) ASK va diéu ché (sd) khoa tan sb (dich tan) FSK. ASK
thay doi bién do, trong truong hop niy, bé ma hoa tiéng néi cia GSM c6 AGC va nd
phat hién cac thay doi vé bién do nay s& thuc hién viéc bu, diéu nay s& gay ra 16i trong
may thu. FSK ciing khong phai 1a mot lya chon tot & day vi bang thong rat han ché
(4 kHz). Piéu ché (sd) dich pha vi sai DPSK thuong duoc chon vi tinh don gian khi
thuc hién va khong can bo thu két hop.

Kénh bi giéi han bang tan 4 kHz vi tan sb lay mau 1a 8 kHz. Trong hé thong dién
thoai thuong c6 cac bd loc thong thép va thong cao, vi vdy tdt nhat trong thuc té chon

tan sO sobng mang la tan so trung tam cua bang thong va c6 thé duoc xac dinh bang



67

cac thiét bi do luong. Vai dai tan 300-3400Hz tan s6 song mang dugc chon 1a 1.8
kHz.

Han ché ctia phuong phap diéu ché tin hiéu kiéu vién thong truyén thong 1a téc do
truyén thap va hién tugng mat tin hiéu do VAD. V&i GSM thoi gian dép ung cia bo
loc du doén thoi gian ngén STP 1a 5 ms, b loc du doan thoi gian dai LTP 1a 20 ms.
Nhu thé thoi gian truyén mot ky hiéu — symbol khong dudi 5 ms. Tan sb truyén ky
hiéu cuc dai s& 1a 200 Hz (1/5ms). Néu dung diéu ché DPSK thi téc d6 truyén chi la
200 bps. Pé tang toc do truyén phai ting murc didu ché va khi d6 sai sé BER sé tang.
Tac dong ciia VAD ciing can phai duge xem xét. P6i vé6i truyén dir liéu khong yéu
cau thoi gian thyc thi khoang lang xuat hién khong thanh van dé, nhung véi yéu cau
truyén d@ li¢u thoi gian thuc nhu mat ma thoai chéng han thi khong thé chép nhan
dugc. Pé khic phuc nguoi ta thudng chén nhitng doan tin hiéu c6 tinh xung dé “danh
lira” bd VAD. Khi d6 phai tra gia bang téc do truyén giam va khong phai luc nao
cling 6n.

Nhu phan tich & trén, k¥ thuat phat hién tiéng néi tich cuc VAD duoc sir dung
trong GSM. D¢ tin hiéu modem truyén qua kénh GSM khong bi gian doan (mat) do
VAD tac dong thi tin hi¢u modem phai c6 ddc tinh sao cho VAD nhén dién nhu tin
hiéu voice. Phuong phép thi nhat 13 diéu ché tin hiéu tya tiéng ndi speech-like
waveform. Phuong phép thir hai 1a diéu ché theo phwong thirc vién thong truyén thong
c¢6 chén nhitng doan tin hiéu co tinh xung dé “danh lira” by VAD. Phuong phap thir
ba 1a diéu ché tin higu kiéu vién thong truyén théng c6 cau tric phd gan gidng phod
clia tiéng noi, cu thé 1a OFDM. Pho cia OFDM gidng phd ctia 4m hitu thanh nén
khong can chén tin hiéu dé danh lra b6 VAD. Hon nita, néu lua chon sb vach phé,
khoang cach gitta cac vach phd nam trong dai ciia 4m hitu thanh thi dit liéu sau khi
diéu ché thanh tin hiéu diéu ché truyén qua kénh GSM dén may thu, dugc may thu

giai diéu ché sé bao toan it bi sai léch.
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2.4.2.2. Diéu ché tin hiéu kiéu vién thong truyén théng cé cau triic phé gan giong
phé ciia tiéng néi

Hinh 2.11 dudi cho thay phd ciia doan tiéng noéi véi am hiru thanh 1a phé c¢6 hinh
rang luge v6i tan sd 13 boi nguyén 1an cia tan sd ca giong nodi pitch. Vi doan 4m
v6 thanh phé 13 phd cua nhidu. Pudng bao trong ca hai truong hop, 1a dic tuyén tan

s0 cua cac hoc cong hudng cta co quan phat am (b loc co quan phat am).
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Tén 56(H2)
Hinh 2.11. Pho ciia 4m hiru thanh va 4m vo thanh
K thuat diéu ché ghép kénh phan chia theo tan sb tryc giao — OFDM do R.W
Chang phat minh nam 1966. OFDM la mdt truong hop dac biét cia phuong phap
diéu ché da song mang, trong d6 cac séng mang phu truc giao v6i nhau, nhd vy phd
tinh hiéu & cac song mang phu cho phép chong lan 1én nhau ma phia thu van co thé
khoi phuc lai tin hi¢u ban dau. Su chéng lan phé tin hiéu lam cho hé théng OFDM co

hiéu suat sir dung phd 16n hon nhiéu so voi ki thuat diéu ché thong thuong.



69

OFDM

Hinh 2.12. OFDM la mét truomg hop dic biét clia phwong phap diéu ché da
song mang
Hinh 2.12 pho riang lugc ciia diéu ché ghép kénh theo tan sb truc giao — OFDM
tuong tu phd 4m hiru thanh.

1/T = f(pitch)
—

Hinh 2.13. Pho diéu ché OFDM
Tu phan tich & trén, cong trinh nay lya chon phuong phap diéu ché ghép kénh
phan chia theo tin so tryc giao - OFDM dé truyén dir liéu qua kénh GSM. OFDM d4
dugc nhiéu cong trinh trong va ngoai nudc nghién ciru kha k¥ cang ca trén phuong
dién 1y thuyét va ung dung. Duéi day tic gia xin trinh bay noi dung lién quan dén
viéc lya chon cac thong sé va thuc hién diéu ché OFDM sao cho c6 thé truyén dir liéu
qua kénh thoai GSM. Nhiéu van d& vé chi tiét 1y thuyét va k¥ thuat cia OFDM da

duoc trinh bay trong cac tai liéu khéac s€ khong dugc trinh bay & day.
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Nhitng vin dé méi dwoc dé xudt la:
1)Lya chon céc théng sé

Nhu da néu & phén trén dé tin hiéu truyén qua kénh thoai GSM duogc bao toan
thi tin hiéu phai ¢ cau tric phd giéng phd cua tiéng néi va trén phuong dién khac
can phai xem xét cac dic diém xu 1y tiéng néi cia hé théng GSM.

Thir nhdt dai phd cia OFDM phai nam trong dai thoai 300 — 3400 Hz (khi
truyén qua GSM/PSTN)

Thir hai s6 vach ph6 khong nén nhiéu qua vi GSM st dung k¥ thuét nén dua
trén co s& LPC véi bac loc ¢d dinh. V& mit toan hoc nguoi ta co thé biéu dién mot
ham di qua n diém cho trudc bang mot da thic co (n — 1) bac. LPC trong GSM c6
bac loc 1a 10 nén s6 vach pho tot nhat s 1a 11. Tuy nhién & ddy mdi song mang con
dugc diéu ché s vé pha hodc bién do voi s6 murc 1a 2 (hodc 4) nén sb diém c6 thé
tang 1én ma it anh hudng dén chét lugng tin hiéu sau khi hdi phuc. O ddy s6 song
mang con duoc chon la 16.

Thir ba khoang thoi gian truyén mot ky hiéu (symbol) khong duoc ngin hon
thoi gian gitra 2 superframe (bao gdm 4 frame) trong GSM 1a 20ms, tuong (mg véi
toc do truyén symbol 12 50Hz. Nhu vdy khoang cach ngan nhét giira cic vach phd
song mang phu cua OFDM 1a 50Hz. Trong truong hop nay chon la 75Hz va nhu vdy
dw 25Hz lam khoadang bdo vé.

Dai tan cia OFDM s 14 : 75Hz x 16 = 1200Hz ta chon tan sd trung tam la
1500 Hz nhu vay dai phd cia OFDM tir 900Hz dén 2100Hz thoa man diéu kién tht
nhat 13 dai phd nam trong dai phd cta thoai tir 300 dén 3400 Hz.

Thir tr chon phuong thire diéu ché. Nhu phan tich & trén, diéu bién anh huong
ctia bd AGC, con diéu tan pho qua rong vi thé chi con diéu pha. O ddy diéu pha OPSK
dwoc chon cho diéu ché OFDM truyén qua kénh thoai GSM.

2) Thyec hién diéu ché OFDM véi QPSK :

Viéc thiét ké, ché tao modem OFDM vdéi QPSK co thé dugc thuc hién ngay

trén PC theo so dd Hinh 2.14 duéi day. Phan con lai 1a bai toan kinh dién cia OFDM,

n6 da dugc nhiéu tai liéu khac nhau thé hién nén khong duoc trinh bay & day.
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Hinh 2.14. So' @6 nguyén ly modem QPSK — OFDM
V& mit 1y thuyét ma néi thi phuong phéap diéu ché tin hiéu tua tiéng néi sé cho
két qua tdt nhét (nhu Hinh 2.16). Tuy nhién trong thuc té rat kho thue hién va cé thuc
hién duoc thi chat lugng cling khong cao nhu di phan tich ¢ trén. Thuc nghiém cho
thdy diéu ché tin hiéu OFDM c¢6 cdu triic phd gan giong pho ciia tiéng néi c6 wu diém
khéng bi VAD chan, dé thwc hién, két qud kha tot. Truong hop kénh truyén cé bang
théng t6i da BER < 0.05%, truong hop kénh truyén xdu BER khéng qud vai %.

i i Bk T i IRTR RNl

Hinh 2.15. Tich hgp modem GSM vio phin citng va phin mém trén di dong
Hudng tiép theo 1a tich hop toan b modem nay vao chip dé c6 thé lap vao

dién thoai di dong, khong can may tinh nira (Hinh 2.15). Pay 14 cong viéc gian nan
va can c6 thoi gian. Lap trinh trén chip voi khong gian chat hep, tai nguyén han ché

nén yéu cau phai toi uvu hoa ve toc dg, vé kich thudec ma chuong trinh, vé khong gian
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vung nhé dir liéu va vung nhé phuc vu thao tac tinh todn. Hudng khéc 1a tich hop
chirc ning modem vao phan mém cua dién thoai di dong thong minh. Cong viéc niy

cling kho khan khong kém cong viéc tich hop vao chip
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Hinh 2.16. Phé tin hiéu thu dwoe tir didu ché OFDM bins OPSK

2.5. Két luan chwong 2

Chuong nay da néu ra mot sé6 phuong phép c6 thé ma héa tin hiéu thoai dya trén
cac dic tinh kénh dé truyén qua kénh thoai GSM, nhu mi hoa x4o tron pho tin hiéu,
can thi¢p vao ma nguén phﬁn diéu ché Modem GSM, st dung ché o truyén dir liéu
trén bang tan GSM (kénh CSD) va dé xuat phuong an nghién ciru cia Lun an dé ma
hoa va truyén dit liéu cudc goi thoai mat qua kénh GSM. Ciing di chi ra duoc két qua
ctia phuong phap nay khong chi dé truyén dir liéu qua kénh thoai GSM ma né con ¢6
thé dugc ung dung dé truyén dir liéu qua cac kénh truyén thoai khac, nhu cac kénh
thoai v¢€ tinh, thoai VoIP, PSTN.

Chuong nay ciing da 1am rd them vé nhiing trd ngai ctia dac ki thuat ciia mang
GSM va kénh Voice GSM, d6 1a van dé tinh thoi gian thuc, phuong phap nén tin hiéu

thoai, diéu ché va truyén trén bang tan hep, dac tinh cAu trac khung truyén dir liéu,
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chic nang nhan di¢n tin hi€u thoai (VAD) va phan tich, lya chon thuat toan nén
MELP, dé xuét va thuc hién cdi tién thudt todn MELP thanh MELPe & phu hop véi
cac tinh chat kénh truyén (bang tan hep, trén kénh hay 16i bit, mdt géi, mdt dong bé
va phdi hiéu qua trong viéc can doi giva bang thong va chdt heong tin hiéu thoai, dic
biét ¢ phirc tap tinh todn cé thé thuc hién trén cdc Chip ARM hay DSP) ma dé tai
huéng dén.

Trong chuong 2 trinh bay mét sé phuong phap diéu ché dir liéu tya ngiu nhién
thanh tin hiéu tua tiéng n6i ma mot sd nghién ctu trén thé gidi da lam, tr do dé xuét
phuong phap diéu ché, ki thuat lya chon cac thong sé va thuc hién diéu ché OFDM
v6éi QPSK. Pdy la huéng nghién citu, muc tiéu chinh va két qua thuc nghiém dat

dwoc cua Luan an nghién cuu.
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CHUONG 3: BAO MAT DU LIEU SU DUNG THUAT TOAN SINH SO
GIA NGAU NHIEN DUA TREN DAY PHI TUYEN HAI CHIEU LONG
GHEP

3.1. Giéi thi¢u m-day
3.1.1. Thanh ghi dich va da thirc nguyén thuy

Dé dung mot m-day c6 d6 dai N =2"— 1, ta biéu dién da thirc nguyén thity (prime

polynomial) h(d) bac m c6 dang nhu sau:
h(d) = hg + hyd + hyd?+...+hp_d™ 1 + hpd™ = X7 hyd? (3.1)

Trong d6 ho = hm = 1. Pa thirc nay duoc st dung dé xay dung thanh ghi dich phan
héi tuyén tinh (LFSR) nhu biéu dién trong Hinh 3.1, bao gdm m nut biéu dién cho
cac phan tir nhé hay cac thanh phan flip-flops (cac phan tir tao tré 1 chu ki xung nhip),
mdi phan tir nhé c6 thé ghi nhé gid tri ‘0’ hodc 1°. Tai mdi thoi diém co suon 1én
ctia xung nhip Clock, gia tri trong cac phan tir nhé dugc dich sang phan tir bén phai,
d6ng thoi gia tri phan hoi dugc tinh toan theo cac hé sb cia da thirc h(d) sau d6 phan
ho6i dén phan tir dau cing bén trai. Phép tinh phan hoi 1a phép nhan va cong theo mo-
dun 2, twrong duong véi phép tinh AND va XOR trong mach dién tu.

Tur dac tinh nay, ta c6 thé théy réng mot day co thé duoc tao boi mot bo LFSR 2
trang thai, va c6 cac hé s phan hoi duoc két ndi dén dau ra ciia phan tir nhé thir i néu

nhu h; = 1 va khong c¢6 phan hdi néu h; =

O -G
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v
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v
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Hinh 3.1. Thanh ghi dich phan héi twong dwong h(d)
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Pa thirc h(d) 14 da thirc nguyén thuy bac m néu s6 nguyén nho nhat n, ma ddi véi
sd nay d” + 1 chia hét cho da thirc g(d) voin=2"—1.
Vidu3.1: h(d)=d°+d*+ d® + d + 1 1a mot da thirc nguyén thity bac m = 5 vi 6
nguyén n nho nhat ma d" + 1 chia hét cho da thirc g(d) la n=2%— 1 = 31. Trai lai,
h(d)=d> + d* + d® + d + d + 1 khong phai 1a nguyén t6 vi: d®+ 1 = (d + 1)(d®* + d* +
d®+ d2+ d + 1), nén s6 n nho nhit bang 6.
S6 da thic nguyén thuy bac m bang:

1

N, =—®(2™ - 1) (3.2)

m
Trong d6 ®(n) 1a ham Euler x4c dinh béi:
®(n) = n. Iy (1 - %) (3.3)
O day pjn 13 ky hiéu “tat ca cac uwdc sb nguyén t6 ciia n”. Him Euler ®(n) bang s6
cac s6 nguyén duong nho hon n va 1a cac s6 nguyén té cting nhau so véi n.
Vidu3.2: ®(15) = 15(1 — 1/3)(1 — 1/5) = 8, ta thdy rang {1, 2, 4,7, 8, 11, 13, 14}
1a cac s6 nguyén té cuing nhau so v&i 15. Ngoai ra, @(31) = 30, ta thay rang ®(p) = p
— 1 cho moi s6 nguyén t6 p > 1 vi tit ca cac s6 duong nho hon p déu 13 sé nguyén t6
cung nhau so voi p.

Bang 3.1. Thong ké s6 lwong da thirc nguyén thity ¢6 bac m.

Bicm Po dai chudi N=2"-1 S6 da thirc
3 7 2
4 15 2
5 31 6
6 63 6
7 127 18
8 255 16
9 511 48
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Bicm Po dai chudi N=2"-1 S6 da thirc
10 1023 60
11 2047 176
12 4095 144
13 8191 630
14 16383 756
15 32767 1800
16 65535 2048
17 131071 7710
18 262143 7776
19 524287 27594
20 1048575 24000

3.1.2. Ddy co do dai cuc dai

Trong hinh 3.2, tr m n0t chira cac gia tri 0 hodc 1, ta c6 thé dua ra 2™ trang thai
khac nhau cho thanh ghi dich. Nhung trang thai gdm m gié tri 0 thi khong thé xuat
hién (trong truong hop nay m-day s€ sinh ra mdt ddy chura toan bit 0). Vay chu ki cuc
dai c6 thé la 2"-1.

Trong tai liéu [20] di chimg minh rang, néu h(d) 13 mot da thic nguyén thuy bac
m, thanh ghi dich sinh boi da thitrc h(d) s& sinh ra ddy dau ra c6 chu ky ki 2™-1. Ta
goi day do la m-day.

M M M«
™ L™ N
A A A
» D » D » D » D » D >
Ci

Hinh 3.2. Mach thanh ghi dich véi ham h(d)=d5+d4 +d3+d+1
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Hinh 3.2 1a md hinh mach LFSR v&i ham h(d) = d° + d* + d* + d + 1 1a mot da thice
nguyén thily va nd tao ra mot m-day c6 chu ki N =25 — 1 = 31 nhu biéu dién trong
bang 3.1 v6i ddy dAuraci=100111000011010100100010111110
1.

Bang 3.2. Bang cac trang thai thanh ghi dich véi ham h(d) =dS + d4 + d3 +
d+1.

Xung nhip i Trang thai Xung nhip i Trang thai
0 11111 16 11100
1 10100 17 01110
2 01010 18 00111
3 00101 19 11000
4 11001 20 01100
5 10111 21 00110
6 10000 22 00011
7 01000 23 11010
8 00100 24 01101
9 00010 25 11101
10 00001 26 10101
11 11011 27 10001
12 10110 28 10011
13 01011 29 10010
14 11110 30 01001
15 01111 31 11111

3.1.3. Cac thugc tinh cia m-day
Theo [20] mét m-day {a.} v&i da thic sinh h(d) ¢6 cac thude tinh:

1) Day c6 bac m thi chu ki cia day [a N=2™—1.
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2) C6 chinh x4¢c N = 2™ — 1 day khong toan ‘0’ dugc tao boi h(d): ching chi don
gian 1a tap hop N pha khac nhau (dich vong) ctia a = {a.} duoc goi: a, Ta, T?a,..., TN
'a. Trong d6, T™ ki hiéu cho phép dich 1a dich mot vector sang bén trai m vi tri. Néu
a= {an} = (a0, a1, a2, ... , an.1) thi Ta = (ai, a, as,..., an-1, a0), T?a = (az, as,..., an-2, an-
1, 0, A1), ..., T5a = (as, as+1,...,aN-1, 0,..., as-1).

3) Trong s6 N diy duoc tao boi h(x) ¢6 chinh xdc mot ddy {aa} co tinh chét: a, =
ax cho titcan=0,1,2,...

4) Mbi diy khong toan ‘0’, co chu ki N = 2™ - 1 thi budc chay c6 do dai m 1a su
xuét hién cta sb ky tu ‘1’ lién tiép 1a mét 1an trong mot chu ky cua day, mdt bude
chay c6 dd dai m-1 cho ‘0’°, 2 budc chay c6 d§ dai m-1 cho ‘1°, 2 budc chay m-2 cho
‘0,..., 2™ budc chay c6 dg dair cho ‘1°,...

5) Thude tinh cdng va dich, cac trang thai n6 cho tt ca 0 <r,s <N-1 c6 ton tai mot
gia tri t sao cho: T'a + T%a = T'a. Piéu ndy chinh 14 tong ctia hai m-diy 12 mot m-day
khac duoc tao bai cung h(x). Mot ddy c6 chu ki N 1a mot m-ddy néu va chi néu no co
cac thudc tinh cdng va dich.

6) SO gia tri 1 trong mdi chu ky 1a 2™'; s6 gia tri 0 1a 2™ — 1,

7) Ham tu twong quan (ACF) c6 hai mirc:

N, 7 = 0(mod N)

N-1
R(D) = ) (~1)wtener = (3.4)
n=0

N-1
Z(—1)ar = 1,7 # 0(mod N)
n=0

8) Néu ddy nhi phan m dugc 1y mau véi f bang mii 2, thi ciing ddy tra vé.

9) Liy mau mot m-ddy véi mdi phép quay f, gcd(N) =1, I < f<N-1, N =2m —
1, s¢ dua ra ®(2™-1)/m m-day c6 chu ki 2™ — 1.

10) Khoang tuyén tinh bang bac m. N6 cho ta biét rang c6 thé xac dinh dugc m-

day d6 néu nhu xac dinh ding 2m gia tri trong day.
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3.2. Diy c6 cau tric 1ong ghép
3.2.1. Xay dwng diy long ghép va diy phi tuyén long ghép

Theo [21], ¥ tudng co ban cta ki thuat 1ong ghép 13 dya vao cac m-diy co do dai
c6 thé phan tich dugc thanh tich va co it nhat mot nhan tir dang 2™ — 1. Tht tu léng
ghép va cac ddy con s& duoc xac dinh va quyét dinh ciu tric ciia ma. Sau d6, chuyén
d6i cau trac d6 thanh phi tuyén dé ting t6 hop ma va do phic tap, co thé theo cac
phuong phap sau:

- Phuwong phap 1: Giit nguyén tht ty 1ong ghép nhung thay m-diy con thanh phan
bang m-day khac c6 cung d6 dai.

- Phuong phap 2: Giir nguyén tht ty 1ong ghép nhung thay m-diy con thanh phan
bang diy phan bd tua ngiu nhién cung do dai.

- Phuwong phap 3: Dung diy tich ciia T m-ddy con thanh phan tao day 16n.

- Phuong phép 4: Dung diy tich ctia T ddy con thanh phan 13 cdc m-day khac nhau
tao day lon.

Céc phuong phap trén c6 thé dugc chia lam hai nhém phuong phép chinh 1a: nhém
thir nhat 1a nhém str dung ciu tric 1ong ghép da cap (th tu 16ng ghép Ig ) va 10ng day
con c6 dic tinh ngiu nhién duoc tao tir m-diy khac thay thé dé tao day phi tuyén
(phuong phap 1 va 2) va nhom thtr 2 1a nhom truc tiép tao day phi tuyén bang cach
tao day tich T bac va thuc hién nhiéu cap (phuong phap 3 va 4). Khi tao diy tich
thong thuong ta s€ tao dugc day c6 do dai k.L. (k nguyén duong tuy y, L =2™ — 1),
con khi tao diy 16ng ghép da cap phi tuyén dugc trinh bay trong luan an nay co gia
trj d6 dai cua day 1a T.L = 2" — 1 (T 1a chu ki 10ng ghép, L 13 d6 dai m-day L = 2™ —
1).

Vé mdt toan hoc, cé thé biéu dién va phdn tich day c6 cdu triic long ghép bang hai
cong cu trén truong hiru han la ham Vét hodc bién doi D. Hai cong cu toan hoc nay
la twong dwong va déu la cdach biéu dién cdc phan tir trong trieong hivu han. Pdnh

gid vé 2 phirong phép ndy nhw sau:
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Phuong phéap dung ham Vét 1a rat thich hop cho viéc nghién ctru tao va 16ng ghép
day m, tuy nhién ham Vét chi c6 thé thuc hién dugc voi ddy c6 do dai L=p™ - 1, nén
n6 khong thé duge dung cho cau triic 10ng ghép day c6 do dai tuy y (L # p™— 1), hon
nita n6 khong thé cho biét thong tin vé trang thai LFSR.

Phép bién doi D 1a ngén va dé dang thuc hién dugc, hon nita n6 con chira dﬁy du
thong tin vé trang thai LFSR. Phép bién d6i D c6 thé dugc ap dung cho bat ki diy
tudn hoan nao c6 do dai c6 thé phan tich thanh dang L = T.N. Phép bién doi D la
phuong phap gan v6i phan cimg nhat, phuwong phap ndy c6 thé duge dung dé tinh do
phuc tap (ELS) va ham tuong quan (ACF) ctia ddy. Do d6 phép bién d6i D s& duoc
dé thyc hién phén tich, danh gia va tao day.

Kién triic day long ghép [1b]

Ta quan tdm t&i m-ddy tam phan {b,} c6 d6 dai L = q"-1 véi q 1a mot s6 nguyén t6

nhan cac gia tri trong tap {2, 3, 5, 7...} sao cho n=m.1.

Goi
N=p"-1
S=L/N

Trong bai béo [1b] di chi ra rang trong truong hop nay, ta co thé xay dung 1én day
{ba} bang cach 1ong ghép (S-1) diy con thanh phan, mdi diy c6 do dai N. Cac day
con ¢ duoc bang cach ap dung phép nhay budc (decimation) trén ddy {ba} véi budc
nhay bang S

Khi phép nhay budc bat dau tir bit dau tién ctia {bn}, ta thu duoc diy con:

{a,, aS,...,a(3m_2)S}

Tuong tu nhu vy, v6i vi tri bat diu nhay budc 1a t, ta thu duge diy con

{at,asﬂ,...,ao,,,iz)sﬂ}

Do d6, xét trén mién thoi gian, cac diy con nay (sip xép theo cot) c6 thé duoc coi

la ghép kénh theo budc thoi gian S {a,¢}{a,q., }..-{a } dé dit vao S khe thoi

n(3"-2)S-1

gian nhu trong so do dudi day
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a, a, ag
M= dg g, e logy
Aisn_ys  Aangysa = Ganoysa
st )
T khe thoi gian I | | | |

{anS} {anS+1} {anS+2} {an(3m_2)5_1}
So dé I: Ghép cdc day con theo thoi gian.

Thi ty ma cac chudi con duoc ghép vao trong thuc té 13 thir tu 1ong ghép 7 >da
x€t & trén.

Bay gio ta chi can tim kiém trong Bang 3.4 dé tim ra bién dién theo bién doi d
Si(d®) cua ddy con (theo cOt) va tir d6 ¢6 duge I chinh la thtr tu cua Si(dS) trong
bang 1. Riéng trudng hop diy con chira toan gié tri con, ta coi thir tu 1ong ghép 14 .

Trong bai bao [1b] cling chi ra mét tinh chit quan trong cta day 16ng ghép, d6 1a
mdi diy con cua diy 10ng ghép 13 mot m-diy véi bac m, nhung léch pha v6i nhau
mot khoang xac dinh bang phan tir twong tng trong I3 . Nhiém vu chinh dé xdy dung
day long ghép la tim cdch tinh todn trudc cac gid tri ciia I3, tir 6 ¢6 thé xac dinh
ngay duoc cac diy con dé ghép thanh diy dau ra

Xay dung diy long ghép phi tuyén

C6 rat nhiéu cach thire dé tao day phi tuyén, ¢ day sé thuc hién theo cach thirc 10ng
ghép phi tuyén dua vao cac gia tri pha tim duoc va chi thay d6i ddy con dé tao diy
m&i c6 khoang tuyén tinh 16n hon. Pé tao day phi tuyén ta thuc hién theo nhitng budc
nhu sau, theo bai bao [1b]:

Ta sé& str dung hai m-day dau vao {a.} va {bs} v6i cing bac n va bo tham s6 n, m,
S gidng nhau. Sir dung kién tric 16ng ghép, ta xay dung nén cac diy 16ng ghép véi

thtr tw 1ong ghép 75 va 'S tuong tng.
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Trong budc ndy, bang cach gitr nguyén cac gia tri pha 1ong ghép I} va thay d6i cac
day con (diy 16ng ghép) bang cac diy con tuong ung voi diy dau vao tht hai. O day,
thuc hién chon m-day véi cac tinh chat duoc tao tir hai da thirc nguyén t6 khac nhau
dé 16ng ghép véi cac gia tri pha 1ong ghép I} khac nhau dugc tinh tir cac da thic tao
m-diy c6 bac 12 boi cua da thirc tao ddy 1ong ghép.

Trong phan 3.2.2.3 sau day c6 cac danh gia chi tiét vé do phuc tap tuyén tinh cia
mot diy 1ong ghép phi tuyén cy thé (sir dung khoang twong dwong tuyén tinh — ELS),
tir 6 két luan rang diy 16ng ghép phi tuyén c6 d6 phirc tap cao hon so v6i diy long

ghép thong thuong

3.2.2. Cdc tinh chit ciia day long ghép

3.2.2.1. Tinh ngdu nhién

Bit ki ddy ngiu nhién nao duoc sir dung trong cac hé thong hién nay thi déu duoc
tao bdi may tinh hay mot thiét bi nao d6. Tat nhién, n6 phai dwa vao mot thuat toan
nao d6 dé co thé tao ra diy gia tri dam bao duoc tinh chat ngau nhién. Vi van dé 46
ma diy ndy duoc goi 1a diy gid ngau nhién.

Cac phép do cho ddy gia ngau nhién 2 murc:

1) Thugc tinh cén bang: x4c suat xuat hién bit ‘0’ va bit ‘1° 12 gdn bang nhau (mdi
loai bﬁng 1/2). Trong thuc té, s6 lugng bit ‘0’ va ‘1’ sai khac nhau 1a mét don vi, s&
di Ia nhu vay 1a do bo tao day loai trur trang thai tat ca cac bit béng ‘0’, va su sai khac
nhau 1 bit nay khong c6 y nghia khi day cuc dai.

2) Thudc tinh chay: su kéo dai cta bit ‘0” hodc bit 1” lién tiép trong diy duoc dinh
nghia 12 mgt budc chay. Mot bude chay duge dinh nghia 1a mdt nhém bit cung loai
(‘1” hodc “0”) lién tiép ton tai trong diy. Trudng hop c6 mot bit ‘0’ hay bit ‘1’ xen
giita cac bit “1” hay ‘0 lién tiép ciing dugc xem 14 két thuc mot budc chay va bat dau
mot budc chay moi. Do dai budce chay la sb bit trong mdi budc chay. Pic tinh chay
trong ddy gia ngiu nhién phai thoa méan 14 trong mot chu ky cua diy sé tong quét co:

1/2" s6 budc chay c6 do dai 1a n.
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3) Thudc tinh tw twong quan: Ttr mot ddy gia ngau nhién da c6, néu ta dich chuyén
theo cach dich di 1an luot timg vi tri bit sang phai hodc sang tréi, ta s& thu dugc m-
day m&i c6 s6 phan tir trang hop va khong tring hop voi diy ban dau. Ham ty twong
quan cua diy gia ngiu nhién c6 dang gan nhu 1 2 mirc, voi gia tri dinh tai tré 13 0 13
dinh va tai cac vi tri khac 1a rat thap. Pay 1a thudc do quan trong nhat dé danh gia do

giong nhau cua day voi cac bude dich cia nd, véi ham tu tuong quan dugc xac dinh

nhu sau:
N-1 N 0
~ ~ ) T E
RD =Dl ={y 12, (3.5)
n=0

Trong d6 @, = (—1)%e {+1, -1}, ane {1,0}, c la mot gia tri nho.

3.2.2.2. Ham ty twong quan

Pé danh gia dic tinh tu trong quan cua diy phi tuyén ta dwa vao diy 16ng ghép
pha I cua day phi tuyén dugc cho trong [22]. Trong thuc té, viéc tinh ACF ctia mot
day 1ong ghép phu thudc vao tinh duy nhat trong céc vi tri giéng nhau gitta cac gi tri
16ng ghép I7, va n6 dugc dinh nghia nhu sau:

g+t = g (mod N)

trong do, 1, 1a cac gia tri ca [[})] va oo+ T = oo

Bang viéc két hop véi I va tang day do cung véi cdu trac ma tran TxT.N, ta co
thé tim ra tat ca cac vi tri tring khép. Trong cac dudng chéo ciia ma tran TxT.N chi
thong tin vé trung khép 1a duoc dua ra.

Goi 1, j la cac chi sb hang, cOt ciia ma tran. Ta c6 cac chi sb trong ma tran TxT.N:
{0, Uy P () = 1T (@) mod(N) # 0

S = 1, (LD G) — IZ(i)) mod(N) = 0 (3.6)

Trong do:

1) N lado dai ddy con, N=2"—1.

2) j=d.T +e, dvae lasd nguyén bat ki.
3) 0<i<T,0<j<TN.
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4) V() = (I5(Gmod T) + d) mod(N).

Ta c6 cong thirc tinh s6 vi tri tring khop trén duong chéo k cua ma tran TxT.N

nhu sau:

(k) = Z SG,j), =(+k)mod(T.N) 3.7)

Vi diy dam bao cac thudc tinh ngiu nhién thi dudng chéo dau tién dua ra mot s6
luong 16n céac gia tri twong quan O(j) trong tat ca cac vi tri, duong chéo thi k voi k #
0 chtta chinh xiac (T — P) vi tri trung khop cho m-day c6 do dai
L =2m—1 [8], m chia hét cho n va:

L+1 2™

P=——=—
N+1 27

3.2.2.3. B¢ phurc tap

Do phirc tap tuyén tinh 1a thong sé dé danh gia d6 phuc tap ca diy. O day sir dung
thude do khoang tuyén tinh twong dwong (ELS) dugc dua ra trong [23] dé danh gia
d6 phurc tap cua day phi tuyén duoc tao bang phuong thirc 16ng ghép.

Khoang tuyén tinh twong duwong 1a d6 dai ciia ddy LFSR ngin nhét d¢ tao ra diy
d6 (hay chinh 12 bac cta da thic). Gia tri ELS cang 16n thi s6 luong bit can phai xac
dinh dng dé co thé du doan dugc diy 1a cang 1on.

Goi S 1a sb cac day con dugc chon cho viéc 16ng ghép, véi mdi diy con c6 do dai
N. Viéc tinh toan gié tri ELS c6 thé chia lam hai budc nhu sau [23]:

Buéc 1: cac diy con fi(d) duge trai ra S lan (chén (S-1) gia tri 0 vao gitta hai gia
trj lién tiép cua fi(d)).

s
-2
fi(@) 1a biéu dién day con do da thirc A;(d5) tao thanh.

Buwéc 2: Chén ghép S pha khac nhau (fi(d°)) cua day con c6 d6 dai N dé tao day co
do dai L=S.N:

=1,2,...,S (3.9)
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N @) 6@
D= Z Th@ @) G2

ELS cua diy 10ng ghép u(d) c6 thé duoc tinh nhu sau. Goi K(d) 1a wdc chung 16n
nhat ctia G(d) va hi(dS), ta co:
K(d) = ged {G(d), hi(dS)} (3.10)
Sau do ta co:
G(d) K(@d)G'(d) G'(d)
hi(d)  K(dh (@) hi(d)

(3.11)

Trong d6, G’(d) va hi(d) c6 lién hé nguyén té véi nhau. Viéc tinh ELS don gian

la viéc udc lugng bac cua da thuc hy(d) , ta co:
ELS = deg[ hi(d)] = deg[h,(d®)] — deg[ K(d)] (3.12)

Trong d6, deg[f(d)] 1a ki hi€u bac cua da thirc f(d).

3.2.3. Cdc phwong phdp sinh diy long ghép va long ghép phi tuyén

Trong bai bao [1b] dd gidi thiéu 3 phuong phap sinh diy 16ng ghép, trong d6
phuong phap sinh diy 10ng ghép str dung bién doi d va phuong phap sinh diy 1ong
ghép st dung ham vét 13 ké thira cac két qua nghién ciru trude d6 (Bai bao IEEE 1985
— Le Minh Hieu]). Phwong phdp thit ba tinh todn truc tiép gid tri I} la mét phwong

phap mai, duoc tac gia lugn an dé xuat trong cong bo nay.

3.2.3.1. Phuong phdp sinh day long ghép sir dung bién doi d
Cho {ba} la m¢t m-day sinh bdi da thirc sinh g(d) c¢6 bac n, chu ky L thoa man céac
diéu kién:
L=3"-1=3"m_1=S,(3"-1)=S.N,n=/m, S =3"-1)/(3™1)
Goi b(d) 12 bién d6i — d ctia {ba} theo cong thirc

_ S(d)
b(d) = 2221 (3.13)
g(d)
v6i S(d) 1a trang thai khoi ddu cua m-day

Ta ludn c6 thé biéu dién b(d) theo dang



86

b(d) = . d,F(d") (.14)

v6i Fi(d) 1a day con dugc sinh tir da thue sinh gi(d) c6 bac m, chu ky N va duoc

xac dinh trong bién ddi d theo cong thirc
Fi(d)=M,i=0,l,...,S—l (3.15)
g,(d)

Véi Si(d) 1a trang thai khoi ddu cua day con va gi(d) 1a da thirc sinh trong g cia
day do.

Piéu nay dugc suy ra truc tiép tir cac thude tinh cta bién d6i d vi {ba} ¢ thé duoc
xay dung bang cach 16ng ghép cac pha S cta {Fa}. Cac pha cu thé cta {F.} trong do
th tu 16ng ghép c6 thé duoc xac dinh thong qua 3 budc.

Budc 1: mo rong Fi sau (d) bang S 1an (chén S-1 s6 0 vao giita hai bit lién tiép cua
Fi (d)), trong bién d6i d, n6 tuong duong véi viéc thay thé d bang dS trong cong thirc
5,(d°)
g(d ’ )

Budc 2: Biéu dién theo bién ddi d ctia {bn} theo cach dé xen k& cac Fi(d), (hoic

chén S pha khac nhau cua Fi(d) dé tao thanh b(d) )

Fi(d%) = (3.16)

S-1 S-1 S(ds)
~ > dFdH)=Y d'=
b= ZARO=24 1

Sau d6 dit phan ttr s6 cua (3.17) thanh
S-1 ' P
Gy =,d'S,(d*) (3.18)
i=0

Tir (3.17), (3.18) vao (3.13) ta co

S(d)-g(d”)
g(d)

Budc 3:-ditdS=D

G(d) = (3.19)
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S(D) _
g, (D)

F (D)

- Tim cac budc dich pha
Sau d6 nhom lai bién ddi d ctia b(d) thanh:
S—1 '
bd)= Y ,d'F(D) (3.20)
i=0

So sanh phan Fi(D) véi bang bién d6i d cia timg phan cta diy tuong Gng voi cot

sau cia Bang 3.4, ta co thé xy dung 1én toan bo cac bac 1ong ghép 15 .

3.2.3.2. Phuong phap sinh day long ghép sir dung ham vét

Trong tai li¢u [15 - R. LIDL & H. Niedemeiter, Introduction to finite field and
their application, Cambridge University press 2000] mbi quan hé gitra lity thira cta
phan tr sinh o ctia ddy va bién ddi d da duoc giai thich rat rd rang.

Vi ca hai biéu dién (théng qua giita lity thira ctia phan ti sinh o va bién dbi d) kha
tuong dwong, nén bac 16ng ghép (vi tri ma cac ddy con thanh phan s& dugc sap xép)
c¢6 thé dugc xac dinh bang phuong phap biéu dién theo lity thira ctia o (con goi 1a
ham vét — Trace function). Khi hop nay, bac 16ng ghép duoc xac dinh nhu sau:

Goi m, n 13 hai s6 nguyén duong va m 1a wdc sb ciian, § = % va o 12 phan tir
nguyén t6 thudc truong hiru han GF(2).

Ham Vét cia o 12 anh xa ctia GF(2") xudng GF(2™):

Z-1
Tr (@) = Z 2™ (3.21)
k=0

Thit tw 10ng ghép I, duge dinh nghia theo ham Vét duge tinh nhu sau:

IZ])- _ {ol(; Trnﬁ(afz) =qlt
v Trp(a?) =0

Trong d6,1=0,1,2,...,2"-2vaj=0,1,2,....S— 1.

(3.22)
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3.2.3.3. Phuong phadp tinh toén tryc tiép gid tri thir tw long ghép

Thuec té khi 1ap chuong trinh trén may vi tinh dé cai dit hai phuong phap phan ra
m-day néu trén, viéc thuc hién ca hai phuong phép trén duong nhu khong hi¢u qua,
dic biét 1a khi d6 dai day ting 1én dang ké. Ta chi c6 thé 1ap dugc bang 1 néu tong
kich thudc ciia bang c6 thé luu hiéu qua trong bé nhé may tinh hoc thiét bi tinh toan.
Pdng thoi ta can phai thuc hién day du S bude dé xay dung bac 16ng ghép gém S
phan tir. Vi thé tac gia ludn an sé& gi6i thiéu mot phuong phap hiéu qua hon dé tim ra
nhitng phan tir dau tién ctia bac 1ong ghép.

Trudc hét ta sinh ra phan dau cua chudi {b,} tir trang thai ban dau duoc cho trude,
nhung thay vi tao chudi toan chu ky (p™-1 phan tir), ta chi cAn tao ra m.S gié tri dau
tién.

Tiép d6 ta s& sap xép lai cac gia tri nay bang ciu tric 16ng ghép theo dinh nghia
ctia day 16ng ghép, tir d6 ta c6 thé nhan duoc truc tiép cac trang thai ban dau cia day
con F;(d).

T vi tri cla trang thai ndy (lién quan dén th ty xen k&), Ta chi can sao chép N
gia tri lién tiép ctia Fi(d) thanh chudi dau ra cta diy 10ng ghép. Néu day con Fi(d) c6
kich thudc qua 16n, ta c6 thé xay dung 1én diy con nay tir trang thai ban dau vira duoc
chi ra ma khong can quan tim t6i gia tri vi tri trong tap tht ty 10ng ghép.

Loi thé ciia phirong phdp tinh truc tiép thir tw long ghép

Phuong phap tinh tryc tiép thir tu 16ng ghép khong yéu ciu céc tinh toan da thirc
trén truong hiru han nhu hai phuong phap trudc do, chi can st dung phuong phap
sinh
m-diy song ciing tao ra két qua twong umg. Trong trudng hop diy con Fi(d) c¢6 kich
thude rt 10n, phuong phép tinh truc tiép thr tu 16ng ghép ciing cho phép sinh ra diy
16ng ghép ma khong can xdy dung toan bd diy con Fi(d).

Hiéu qua cua phuong phap tinh tryc tiép thir ty 16ng ghép: néu st dung phuong
phap d-Transform (phuong phap 1) ta can tinh toan toan bo chu ky ciia diy ban dau

v6i s6 lugng 2™-1 phan tir dé 1ap bang 3.1; néu sir dung phuong phép tinh tryc tiép ta
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chi can tinh toan cho m.S gia tri dau tién cua day ban dau. Vi cac tham sb cu thé,
hi€u qua dat dugc nhu trong Bang 3.3
Lugng bd nhé can thiét cho phuong phap tinh tryc tiép thi ty 1ong ghép 1a m.S 6

nhé. Luong bd nhd nay thuong nho hon so véi viée xay dung toan bo day con Fi(d).

STT n m N S m.S Ty 1€ rat gon
1 18 6 262143 4161 24966 9.52%
2 18 9 262143 513 4617 1.76%
3 24 8 16777215 65793 526344 3.14%
4 26 13 67108863 8193 106509 0.16%
Bang 3.3. Bang tinh hi¢u qua cai tién s6 phép tinh

Thuye nghiém danh gia cac diy 1ong ghép cu thé

Tac gia da sir dung cong cy Matlab dé mé phong, tinh toan va thyc hién thuét toan
tao m-ddy va diy 1ong ghép:

Luan 4n s& thuc hién tao diy phi tuyén c6 do dai (2! — 1) = 262143 bit. Pé tao diy
phi tuyén c6 do dai 262143 bit, ta thuc hién 16ng ghép cac m-diy con vdi cac da thirc
nguyén thuy thudc trudng hiru han GF(2%) c6 do dai ddy twong g 1a 511 bit theo
cac pha 1ong ghép I dugc tao dya trén ham Vét voi cac cip phép anh xa {GF(2'®)
— GF(2%)}. Trong bang 3.3, gia tri cac da thirc nguyén thuy duoc trinh bay theo céc
gia tri hé octal, vi du: (736)s = (111011110, < g(d)=1+d+ P +d* +d> +d*+d".

Viéc tinh toan mo phong dé thyuc hién 16ng ghép diy chi ding lai & thyc hién 16ng
ghép 48 m-diy duogc tao bai da thirc thudc GF(2°) dé tao cac diy c6 do dai 2'% — 1 bit.
ta ¢ thé chon mot cap da thuc dé tao day dugc cho trong Bang 3.3.

Dua vio thudt toan tinh ELS d3 trinh bay va chay thuat todn bang Matlab ta c6 thé
tinh dugc cac thong sé ELS khi thuc hién 10ng ghép, cac két qua tinh todn nay nhu

sau:
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Bing 3.4. Cac ciip da thirc 10ng ghép tao diy méi.

Da thirc thujc GF(2'®)
go—> g18

1110010000000000001
1000000000000100111
1111110000000000001
1000000000000T1 11111
1011001000000000001
1000000000001001101
1101111000000000001
1000000000001 111011
1000000100000000001
1000000000010000001
1101101100000000001
1000000000011011011
1110011100000000001
1000000000011100111
1011011100000000001
1000000000011101101
1110000010000000001
1000000000100000111
1111001010000000001
1000000000101001111
1000100110000000001
1000000000110010001

Da thirc thugc GF(2°)

g0— 8o
1111001011
1101001111
1110111001
1001110111
1010010101
1010100101
1101100001
1000011011
1110000101
1010000111
1111111011
1101111111
1111111011
1101111111
1100011111
1111100011
1110111001
1001110111
1101110011
1100111011
1111011001
1001101111
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Da thirc thujc GF(2'®)
go—> g18
1100011110000000001
1000000000111100011
1001011110000000001
1000000000111101001
1111011110000000001
100000000011 1101111
1101000001000000001
1000000001000001011
1100100001000000001
1000000001000010011
1000011001000000001
1000000001001100001
1010111001000000001
1000000001001110101
1101010101000000001
1000000001010101011
1000111101000000001
1000000001011110001
1110100011000000001
1000000001100010111
1101010011000000001
1000000001100101011
1011010011000000001

Da thirc thugc GF(2°)

20— 29
1010101111
1111010101
1101100001
1000011011
1010100101
1010010101
1111001011
1101001111
1111001011
1101001111
1100011111
1111100011
1111101001
1001011111
1110110101
1010110111
1001111101
1011111001
1001011111
1111101001
1000011011
1101100001
1001110111
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Da thirc thugc GF(2!%)
go—> g18
1000000001100101101
1110111011000000001
1000000001101 110111
1110000111000000001
1000000001110000111
1010100111000000001
1000000001110010101
1001100111000000001
1000000001110011001
1001010111000000001
1000000001110101001
1000110111000000001
1000000001110110001
1010001111000000001
1000000001111000101
1110101111000000001
1000000001111010111
1000011111000000001
1000000001111100001
1001100000100000001
1000000010000011001
1000110000100000001
1000000010000110001

Da thirc thugc GF(2°)

g0— 8o
1110111001
1100011111
1111100011
1010100101
1010010101
1110111001
1001110111
1001011001
1001101001
1101111111
1111111011
1010100101
1010010101
1101011011
1101101011
1110111001
1001110111
1011110101
1010111101
1111000111
1110001111
1001101001
1001011001
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Da thirc thuoc GF(2'®)
go—> g18
1011110000100000001
1000000010000111101
1101101000100000001
1000000010001011011
1001111000100000001
1000000010001111001
1001000100100000001
1000000010010001001
1000010100100000001
1000000010010100001
1000010010100000001
1000000010100100001
1100100110100000001
1000000010110010011
1111100110100000001
1000000010110011111
1010001110100000001
1000000010111000101
1101101110100000001
1000000010111011011
1000011110100000001
1000000010111100001
1111111110100000001

Da thirc thugc GF(2°)

g0—> g9

1010010101
1010100101
1110000101
1010000111
1011110101
1010111101
1110001111
1111000111
1110111001
1001110111
1001101111
1111011001
1010100011
1100010101
1000010001
1000100001
1100010101
1010100011
1010010101
1010100101
1100100011
1100010011
1011010001
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Da thirc thuoc GF(2'®) Da thirc thugc GF(2°)

STT

go—> g18 20— 29
92 10000000101 T1T111111 1000101101
93 1001000001100000001 1101110011
94 1000000011000001001 1100111011
95 1011100001100000001 1111001011
96 1000000011000011101 1101001111
97 1101010001100000001 1011110101
98 1000000011000101011 1010111101
99 1011111001100000001 1101111111
100 1000000011001111101 1111111011

Cac m-ddy duoc tao boi cac cip da thic trong Bang 3.4 sau khi thuc hién 10ng
ghép sé tao ra cac ddy phi tuyén méi co céc tinh chéat (phan bd, ACF, ELS) tuong tu
nhau. Tuy nhién, ta ciing c¢6 thé nhan thiy duogc riang da thirc ngugc cia cac da thic
con trén néu duge st dung 16ng ghép dé tao diy phi tuyén thi s& tao ra ddy méi c6
ELS = 18 (tuyén tinh).

Pé don gian trong viéc mod ta phuong phap tao diy phi tuyén bang viéc sir dung
phuong phép 10ng ghép phi tuyén, ta s& chon mét cip da thirc dé mo ta va tinh toan
nhu sau:

1) Da thirc trén truong GF(2'%):

g(d)=1+d8+d+d2+d3+d¥+d5+d6+d"*

2) Da thtre trén truong GF(2°):

gd)=1+d+P+E+d*+d+d+d®+d.

(3.23)

3.3. Thue thi diy 1ong ghép bang phan cirng Vi xir Iy

Bang viéc thyc hién 1ong ghép cac m-ddy con c6 d6 dai N = 2™ — | theo cic gia tri
day pha 1ong ghép c6 do dai T ta tao duoc ddy méi 13 phi tuyén c6 do dai L =N.T =
2" — 1 (trong d6, n chia hét cho m).
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Mo hinh cau trac 16ng ghép phi tuyén duoc dua ra trong [1b] :

|

{an}

—

Ip Switch
(Rearrange
shift
versions
according to Time multiplex of

Ip (and
newly arranged

adding zero shift version
Sequences))

{bn}

YENENES

A

| O |[4--—-1 ©

Hinh 3.3. Long ghép cac thanh ghi dich
Trong phan nay sé& thuc hién phan ctng viéc tao diy phi tuyén theo phuong phap
16ng ghép voi cac gia tri da biét:
1) B¢ dai day con bac m: N=2m—1.
2) b6 dai day lon: L =2"—1.
3) Céc gié tri ddy pha 1ong ghép {IT }c6 d6 dai T = %
Mo hinh 16ng ghép duoc biéu dién trong Hinh 3.3. Vi so do 1ong ghép nay, viéc

thyc hién tao diy phi tuyén c6 thé dugc thuc hién trén cic phan cimg cac chip xir

1y,...
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PSG

{an}

rRoM 1 | TP Readiwrite | ITP'}

(ITp) controler

Hinh 3.4. So' @6 khoi phan cing tao day 16ng ghép phi tuyén

Trong do:
1) PSG

ROM 2

{bn}

La khéi tao m-ddy tuyén tinh dugc tao boi da thirc nguyén t6. M-diy duoc tao bang

phan ctmg sir dung mo hinh LFSR tdi cau hinh dugc mo ta nhu trong Hinh 3.45.

Enable/
disable

G(d)
—>

D D D -

D

Hinh 3.5. LFSR ti cAu hinh
Ta thay, trong mo hinh LFSR thi cac tham s6: da thirc khoi tao bo LFSR G(d) va

{an}

trang thai kich hoat phan hdi trén cac thanh ghi dich S(d) 1a hai tham s6 chinh quyét

dinh dén diy dau ra duoc cho boi cong thiic 3.13 theo bién ddi D. Hinh 3.5 12 mo

hinh LFSR tai cAu hinh sir dung cac phan tir nhé 14 cac thanh ghi dich, cac cong logic
AND va XOR. Véi so d6 nay, ta co thé thay ddi cac tham sb S(d) va G(d) dé co thé

tao m-ddy dau ra twong Ung.

Gia str, mudn thay d6i trang thai phan hoi (thay d6i da thirc tao diy) dé tao m-day
dung da thitc bac 9 g(d)=1+d +d* +d> + d* + d° + d° + d® + d&°, thi bd LFSR theo
hinh 3.5 s& ¢6 17 bo ghi dich (9 bd cho S(d), 8 bd cho G(d)) véi diy dau vao G(d) 1a
11111101 c6 do dai 8, va dé thay doi trang thai kich hoat cia LFSR 1a S(d) = 1 + d2
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+ d® thi ta phai kich hoat chan Enable/Disable & trang thai ‘0’ va diy dau vao la
101000001 c6 d6 dai 9.

V61 mo hinh nay, d6 linh hoat khdi tao day PN duoc tdng cao khi ma ta c6 thé thay
d6i dugc da thirc tao m-day tirc 1a c6 thé thay d6i duoc diy dau ra {a.} tuy ¥.

2)ROM 1

Day la noi chira cc gia tri I, duoc sir dung dé xac dinh pha 1ong ghép day {a.}
dugc tao boi khdi PSG. Pau ra cta khéi vay sé 1a cac gia tri I7 tuong tmg dugc diéu
khién boi khdi “Diéu khién doc/ghi”.

3) Diéu khién doc/ghi

Khéi nay sé diéu khién viéc doc/ghi cho ROM 2. Khi & ché d6 ghi, khdi nay s&
diéu khién ROM 2 ghi dir liéu dau vao {a.} vao bo nhd véi chu ki bang chu ki ciia
day dau vao N gia tri. Khi ¢ ché d6 doc, khoi nay s€ nhan gia tri dau vao tir dau ra
ROM 1 1a céc gié tri {I7}va ct sau i chu ki T thi gi4 tri {I]'} s& dwoc tinh nhu sau:

{I;'[i} = ({Ip} + i) mod N (3.12)
V6ii=0,1,2,...,N-1.

Nhu vay, diy {ba} dau ra s& duoc tinh nhu sau:

b = {{an[13' 1011} {an[13 (111}, fn 15 [21]}, . {aal1f IN-11])] (3.13)
Trong d6, a, [15 [i]] la gié tri a, tai pha I7[i].
4) ROM 2

Pay 1a noi thyc hién viéc luu gia tri ciia ddy tuyén tinh {a,} dugc tao tir khbi

PSG.B0 nhé cua khdi nay c¢6 do 16n 1a N dia chi luu trir.

3.4. Ung dung day 16ng ghép phi tuyén trong ky thuit mat ma

Céc nghién ctru vé kién trac diy 1dng ghép phi tuyén & trén di cung cip mot bo
tao ddy co tinh chat gia ngu nhién tbt, c6 kha ning Gmg dung trong k¥ thuat mat ma.
Pé c6 thé ap dung diy 16ng ghép phi tuyén vao viéc ma hoa ludng dit liéu thoai sb,
tac gia luan an dé xuat quy trinh thyc hién nhu sau

Buéc 1: Lya chon tham sb
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Truong Galois sé& sir dung 1a trudng GF(2") dé c6 thé dé dang khai thac cac wu thé
cua cac h¢ vi xtr ly cling nhu FPGA khi tinh todn nhi phan.

Chon bac diy ban dau 12 n = 26 véi m=13. Gia tri cac tham sb khac nhu sau:

S =(2%-1)/(213-1)=8193

B6 tham sé duoc Iyra chon nhu trén ¢6 mét 1y do khac 1a do voi gia tri tham sé nay,
toan bo tap tap thir tu 16ng ghép IPS (8193 x 16 bit) c6 thé luu trir gon trong mot
Block RAM 18Kbit ciia FPGA.

Budc 2: Lua chon da thirc sinh va tinh toan da thirc con

Pé tao ddy 16ng ghép phi tuyén ta cin hai diy ban dau voi hai da thic sinh nguyén
thuy duogc lya chon la:

f(d)=d®+d2+d +dB+d3+d2+dO+ B+ A+ B+ P +d+ 1

g(d)=d® +d0 + 0+ dB +d0+d5+d4+dP+ P+ B+ d +d+ 1

Véi cac tham sd trén, ta str dung cong thirc sinh m-day dé sinh ra hai bd m*S bit
tuong Ung v4i hai day, sau d6 str dung thuat todn Belekamp — Massey dé tinh duoc
cac da thirc con cua hai day con la:

fi(d)y=dB+d?+d"+d°+d"+d+d*+d*+1

gi(d)=dB+d!'+d0+ @B+ +dB+d>+d+1

Trong thyc té ta khong can str dung t6i fi(d), chi can tim gi(d) 1a da

Budc 3: Tim tap thi ty 1ong ghép IPS cho diy 1ong ghép thir nhat (véi da thirc sinh
f(d) va da thic con fi(d))

Tao bang 1ong ghép tir bd m*S phan tir ciia m-ddy thir nhat theo da thuc sinh f(d)

Ta sinh ra toan bo chu ky 2™-1 phan tir ciia ddy con 1 theo da thirc sinh fi(d)

So sanh cac cot ciia bang 16ng ghép véi timg doan con m-bit 1éch pha trong diy
con dé xac dinh ting phan tir ctia tap thir ty 10ng ghép I. Néu cot thir k ctia bang 16ng
ghép trung v6i m phan tir ciia diy con bat dau tir vi tri j thi I = j. Néu cot thir k cia
bang 1ong ghép chira m bit toan 0 thi ta gan Iy = -1 (trudng hop niy theo mo ta ly
thuyét & trén thi can dat Ix = oo, song dé biéu dién trong mang s nguyén ta sir dung
gia tri -1).

Budc 4: Thyc thi sinh day 16ng ghép phi tuyén trong thyc té
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Toan bd 3 budc trén 1a cac budc tién xir 1y, thuc hi¢n trong qua trinh chuan bi. Dit
liéu dugc luu trit dé thyc thi sinh ddy 10ng ghép phi tuyén bao gdbm tham sb n, m, S,
da thtc gi(d) va tap thir ty 16ng ghép IPS.

Pé sinh mot phan ddy 16ng ghép phi tuyén sir dung cho viéc ma héa mot buffer dir
liéu, ta thuc hién cac budc sau

St dung cong thirc sinh m-ddy dé sinh day du chu ky cua day con véi da thire sinh
g1(d) bac m, luu két qua trong mang dir liéu kich thuéc 2™-1 phan tir. Dé tranh thao
tac quay vong dit liéu, ta copy nhan d6i mang dir liéu thanh 2(2™-1) phan ti.

Pé sinh chudi khoa 1ong ghép phi tuyén tir gia tri khoi dau n phan tir, ta s& tach
riéng (n-m) bit ddu tién cia gia tri khdi dau, chuyén thanh mot s6 nguyén k dé xac
dinh thtr tu cot trong ma tran 1ong ghép. Ta ciing chuyén m bit con lai thanh s nguyén
t dé xac dinh vi tri bat dau léy khoa trong cot.

Nhu vdy chudi khéa 13y ra s& dugc bat dau tir vi tri Ix + t, 1y lién tuc t6i vi tri
I+2™-2. Néu chua du lugng bit khoa dau ra can thiét, ta s& tiép tuc chuyén sang cc
cot tiép theo voi chudi khoa 14y tir Tt t6i L1 +2™-2. Qud trinh ¢ tiép tuc nhu vay
t6i khi 1ay duoc du luong bit khoa dau ra theo yéu cau. Néu gid tri cot khoa vuot qua
S-1 ta lai quay lai cot dau tién. Néu Ix = -1 thi chudi khoa dau ra 1a 1y tir mot chudi
toan 0 kich thudc 2™-1 phan tu.

Pé c6 thé str dung chudi khéa dau ra trong moi trudng vi xir 1y, ta can chuyén tir
diy bit thanh diy cac byte nhi phan bang cach ghép 8 bit lién tuc thanh mot byte dir
liéu.

Qua trinh ma hoa va giai ma dir li¢u thuc hi¢n theo phuong phap ma dong (Stream
Cipher) thong thuong: khi ma héa thi ban ma 13 két qua cong module 2 timg bit
(XOR) giita ban 5 va khoa, nguoc lai khi giai ma thi ban ma 13 két qua cong module

2 tung bit (XOR) gitra ban ma va khoa.
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3.5. Thue thi thuit toin nén Melpe bing Vi xir ly STM32F
3.5.1. Lwu d6 thudt todn nén thoai Melpe trén ARM [24]

Ly thuyét phans nén/giai nén thuat toan Melp da dugc trinh bay trong chuong 1,
phﬁn dudi day chi trinh bay céac gié tri thyc nghiém nén Melpe thyc hién trén Vi xur

1y ARM STM32F:

Lubng bit
Melpe dau vio

- Chi 6 VS thn o Chi 50 voice
%L“FS;’ l::‘ thép/pitch f‘f k}}i"‘j‘g strength bing o Chi s6 gain
0 Fou period uan hoan thong ; :_o]
Gidi md va ndi Gidima Tham s b3 loc 9 G mid vi ndi
suy bién do Voice strength tan » dinh hinh sy tng b —
Fourier thap/Pitch period ’ y oo
A,
Suy Pitch Sinh va nfi suy Giai ma va ni
period Jitter suy LPC
Taoxune e Diéu chinh
roxung Pitch period
B9 loc diuh hinh |, He 56 loc inh < Loc ning cao phd » Loc tong h
xung X hinhxung | ’ scop | Rectonehop
| |

. e Loc dinh hinh
B tao nhiéu trang| hiz .
ncu Loc phén Tinh todn hé s0

tan xung Khuéch dai

Ludng PCM
diu ra

Hinh 3.6. Luu db giai nén thoai thuit toin Melpe trén ARM
- M4 hoa voice strength bang thong: Voice strength cia bon dai tan cao dugc lugng
tir hoa theo thii tuc ma gia. Thu tuc nay c6 dau vao 1a voice strength cua 5 dai tan.
Pbi v6i truong hop khong phai tiéng néi, dua vao bién do voice strength dau tién <

0.6, gia tri voice strength lugng tir hoa cua bdn dai tan cao s& duoc dit 1a 0. Nguoc
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lai, chung s€ dugc lugng tir hoa 1a 0 hodc 1 tuy theo bién do 1a nho hon hay 16n hon
0.6.

- Lugng tir hoa pitch period va voice strength tan thap: Pitch period T va voice
strength thap tin dugc lugng tir hoa cung nhau str dung 7 bit. Néu gié trj voice strength
dau tién < 0.6, khung 13 khong tiéng va mot ma toan gia tri 0 s& duoc giri di. Nguoc
lai, logT s& dugc luong tir hoa véi bd lugng tir ddng nhat 99 cip c6 pham vi tir log20
t6i log160. Gid tri voice strength dau tién da lwong tir hoa, nd s& nhan gia tri 0 ddi véi
trang thai khong tiéng va 1 dbi voi trang thai co tiéng.

- Tinh to4n do khuéch dai (Gain): Gain dugc do hai 1an trén mot khung sir
dung kich thudc cira s6 thich nghi am sic. Kich thudc nay dugc xac dinh nhu sau:

+ Néu voice strength dau tién > 0.6, kich thude ctra s6 13 bdi nho nhét cua
T(1), thudng 16n hon 120 mau. Néu kich thudc nay vuot qua 320 mau, né sé duogc
chia cho 2. Trudng hop nay tuong tng voi cac khung tiéng noi, khi sy dong bo 4m
sic dugc tim trong sudt qua trinh tinh toan gain. Bang cach str dung mot boi nguyén
ctia pitch period, su bién thién cta gain trong tng véi vi tri cia cira s6 s& duoc giam
thiéu.

+ Néu voice strength dau tién < 0.6, kich thudc cira s6 1a 120 miu. Pay la
truong hop khung khong tiéng hodc khung tiéng chap chon.

- M4 hoéa gain: Gia tri gain thir 2 dugc luong tir hoa boi mot bo luong tir dong
nhat 5bit c6 pham vi tir 10 t6i 77 dB. Mot sb diéu kién duoc xac dinh dé xem khung
1a trang thai on dinh hay khong (ning luong it thay d6i). Néu diéu kién dugc thoa
man, thi thu tuc két thac vai chi sb bﬁng 0. Nguoc lai, khung nay 1a tam thoi va ta su
dung bd lugng tir hoa ddng nhat cip 7. Gi tri gidi han ctia bd luong tir (gmin, gmax)
duogc tinh toan; ma hoa thong qua bd luong tir ddng nhat. Nhu vay, tong cong co 8
mirc, c¢6 thé khai thac bang 3 bits.

- Cap phat bit: Ta da biét, cac m6 hinh LPC déu duoc lugng tir nhu 1a LSF sir
dung MSVQ. Viéc ddng bo hoa nay 1a mot mau thay doi 1/0. Viéc bao vé 15i chi danh
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cho céc khung khong tiéng. Mdi khung s& dugc truyén tong cong 1a 27 bit, voi do dai
14 22.5 ms. Két qua ta co bit-rate 1a 1200 bps.

3.5.2. Lwu dé thudt todn gidi nén Melpe trén ARM [24]

Ludng bit
Melpe dau vao

isé 3 Chi s6 voice
¢ A1ia Chi s6 VS tan NN
Chi 50 bién thip/pitch C khong strength bing Q Chi 56 gain
d6 Fourier period tuan hoan thong =}
)
G;i‘y“l;iaérd‘;m Voicf;?r‘c:"gih X Tham sb bo loc 5 Giai mﬁ va ndi
Fourier thap/Pitch period dinh hinh suy tong hop
Suy Pitch Sinh va ndi suy Giai ma va ndi
period Jitter suy LPC
Tao xun Diéu chinh
N 2 Pitch period
B9 loc dinh hinh Hg s6 loc dinh 5 2 2
xung hinh xung Loc nang cao pho Loc tong hop
[ i T
B0 tao nhidu tré g Loc d}l‘nr hinh R
nhicu Loc phan X Tinh toan h¢ s6
tan xung 2 khuéch dai *
Ludng PCM

diu ra

Hinh 3.7. Luu d6 giai nén thoai thuit toin Melpe trén ARM

S Chi 6 VS tan s Chi 56 voice
Chi 50 bién thip/pitch Co khong strength bang O Chi sb gain
do Fourier period tuan hoan thong =}
=
G;Z‘y“l‘)?é‘f d‘;‘-" Voicfs'f‘r‘e‘;‘";h din Tham sé b6 loc S Giai mi va ni
Fourier thip/Pitch period dinh hinh suy tong hop
Suy Pitch Sinh va ngi suy Giai ma va ndi
period Jitter suy LPC
Tao xung Piéu chinh
a0 xung Pitch period
Bo Ioi?‘:‘ngh hinh Hiis:h]?(?x:irnh Loc nang cao phé Loc léng hop
[ i\ T
B tao nhiu tring Loc dl“.‘l‘ hinh X
nhicu Loc phan X Tinh toan hé s&
tan xung \OJ khuéch dai
Ludng PCM
dhu ra

Hinh 3.8. Luu d6 gii né

4

thoai thuit toan Melpe trén ARM
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Ludng bit Melpe ddu vao duoc phan tich v6i cac chi s6 duge dua dén cac bo giai
mé tuong ng. So v6i luu dd nén, ta thdy mo hinh tao tiéng néi da dugc nhiung bén
trong cdu tric ctia phan giai nén. C6 hai bo loc duge bd sung vao trong qué trinh xir
1y d6 1a bo loc nang cao phd véi dau vao 1a kich thich hdn hop va bo loc phan tan
xung & cudi ctia qua trinh xir 1y. Hai bd loc nay duoc sir dung dé nang cao chét lugng
clia tiéng néi tong hop (ludng PCM dau ra).

Trong giai md Melpe, cic tham s tir dong bit s& dugc phan tich va giai
mi theo cac luoc dd tuwong Gng. Nhiing tham sé ndy bao gdm: LPC (LSF), pitch
period/voice strength tan thip, voice strength bang thong, gain (gl va g2), cd
khong tudn hoan va céc bién do Fourier. Cac tham sb nay dai dién cho thong tin
ctia khung, hau hét dugc ndi suy mot cach tuyén tinh trong qué trinh téng hop
tiéng noi.

DPbi v6i cic khung khong tiéng (dugc phat hién théng qua mi voice
strength thdp tin/ pitch period), chung ta s& st dung cic gia tri mic dinh cho
mét vai tham sb, do 1a pitch period = 50, jitter = 0.25, tAt ca cac bién do Fourier déu
1a 1, va tit ca cac gia tri voice strength déu 1a 0. Cac gia tri mic dinh nay la
can thiét déi voi khung khong tiéng boi vi viéc ndi suy tuyén tinh duogc thuc
hién trén co s& “pitch period — by — pitch period” trong sudt qua trinh tong hop.
O day c6 xuat hién mot tham sd méi: jitter, nd chi duoc st dung trong viéc giai
méi dé diéu khién sd luong ngiu nhién xay ra trong qué trinh tao ra cdc am kich
thich khong tuan hoan.

Pbi voi khung co tiéng, gid tri cua jitter duwoc sit dung nhu sau: jitter =
0.25 néu co khong tuan hoan 1a 1, nguoc lai thi jitter = 0. Trong truong hop nay,
pitch period dugc giai ma tur dong bit.

Bo loc téng hop: Pay 1a mdt bo loc téng hop dinh cong theo hinh thuc truc tiép,
v6i cac hé sd twong tmg voi LSF di suy ra duoc.

B4 loc phan tan xung: B0 loc nay 1a mét bd loc FIR 65 16p trich xuét tir mot xung

tam dinh ph6 phang. Nhu ta thay thi né gan nhu 1a mot bo loc thong subt, khi ma cac
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thay doi trong dap tng bién do 1a tuong ddi nhé. BO loc phan tan xung duge dung dé
cai thién cho bo loc tong hop biang thong vai tiéng noi ty nhién dang song trong cac
ving khong c6 cong hudng dinh. Tiéng noi ty nhién di qua loc bing thong thi c6 mot

ti 1& dinh-triing nho hon so véi tiéng tong hop.
3.6. Toi wu h6a melpe

Do hiéu suat tuyét voi va téc do bit thap cia MELPe, n6 thuong duoc sir dung
nhiéu trong céc linh vyc, dac bi€t 1a trong an ninh quéc phong. Tuy nhién, thuat toan

ctia MELPe rat phirc tap va tén nhiéu thoi gian.
3.6.1. Phén tich higu sudt

Trong ludn vin nay, MELPe duoc ap dung trén nén tang cia ARM
STM32F437 Cortex M4. Str dung Gprofile (GNU profiler), 1a mot cong cy lap ho so
thong ké trén toan hé théng, duoc sir dung dé phan tich hiéu suit ctia ma ngudn. Cong
cu ndy c6 kha nang 1ap hd so toan bo chuong trinh, tim ra noi chuong trinh da danh
thoi gian va sd 1an ham duoc goi, day 1a mot tham sé quan trong trong viée t6i uu

hoa.

Bang thong ké dudi cung cap cau hinh cac ham thuc thi ciia bd ma héa MELPe
truge khi tdi wu hoa. Voi dir liéu hd so, tdi wu hoa cua chuong trinh, thuong dugc
chia thanh hai loai: t6i vu hoa thuat toan va tdi wu hda ma ngudn, trong d6 mdi phuong
phap tdi uru hoa co thé chi tiét hoa.

Dbi voi cac ham s6 1an goi it, nhung mdi 1an goi rat lau. Chang han nhu
iir 2nd_s. S6 mili gidy trung binh danh cho ham nay trén mdi 1an goi 14 0,03 mili
gidy. Loai ham nay co thé duoc toi vu hoa & cép do thuat toan.

Pbi v6i cac ham co sb luong code nho va duge goi thuong xuyén, chang han
nhu L40 mac, L_mac va L_ shl, ty 1¢ phan tram tong thoi gian chay chuong trinh ciia

ba ham nay 14 50,81%. Cac chirc ning nay ¢ thé dugc toi vu héa & cip ma.
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Bang 3.5. Thong ké cic ham thye thi chinh ciia Melpe

Tén ham thue thi S6 1an goi ham Thoi gian (%)
L40 mac 18109111 21.28
L mac 69517406 19.36
L hsl 14839245 10.17
L mult 16685416 4.06
L v _inner 187816 3.61
Iir 2™ s 20168 2.64
L 40 shl 423407 243
Shr 7950898 2.27

3.6.2. Toi wu héa thudt todn (Optimization of algorithm)

Muc tiéu chinh cuia viéc tdi ru hoa thuat toan 1a don gian hoa ma khong lam giam
chat luong giong noi. Pé t6i wu hoa logic cua thut toan ma, cac phuong phap phd
bién nhat bao gdm thuat toan tai ciu trac, sira doi thir ty cia ma va loai bo tinh toan

thua.

1) Céu triic lgi bé loc IIR: Trong thuat toan cia MELPe, quy trinh ctia bd mé hoa
bao gdm mo-dun tinh toan dinh du (residual peak calculation module) va sira ddi
mod-dun cudong do giong ndi bang thong (modification of bandpass speech strength
module). Hai mé-dun nay dugc goi 1a bo loc IIR bac hai (ham “jir 2nd_s”) nhiéu lan.
Bén trong ham, c6 mot 1énh 1dp "for" goi ham "L mult" va ham "L _mac". Cac ham

nay bao gém nhan, chuyén va cong. Cau lénh shift c6 thé duoc dua ra khoi vong lap



106

va dugc thuc thi & cudi vong lap. Diéu nay khong thay doi két qua, nhung don gian

héa tinh toan.

2) Pon giin héa cau lénh lwa chon: Dé dap tng nhu cau cua nhiéu loai 1énh goi
khac nhau, mot s6 ham dang st dung rat nhiéu cdu tric if-else. Han ché 1a cdc ma nay
c6 thé tiéu ton mot lugng 16n thoi gian thyc hién trong cac 1énh phan quyét va nhay.
Do d6 cac ham nay phai dugc toi vu héa tir ciu triic bang cach duoc viét lai dua trén

tan sudt cia 1énh r& nhanh.
3.6.3. Toi wu héa ma (Optimization of code)

Ma nguén MELPe tiéu chuan dugc viét b?mg ANSI-C, sir dung thiét ké mo-
dun dé dam bao kha niang doc tét. Nhung diéu dé cling 1am ting s6 lugng 1énh goi
ham, 1am giam hiéu qua. Theo quy tic 2/8 tirc 1a 80% thoi gian chay duoc st dung
trong 20% ma, dé t6i uvu hoa hiéu qua hon, trong tdm cta viéc t6i wu hoa 1a nham vao
20% ma chay chinh. Phong cach ma hoa C nén dugc thay d6i dé phu hop véi cac dic

diém cua kién truc va trinh bién dich ARM.

1) Téi wu héa cdc l¢nh co ban: Tép “mathhalf.c” chira rat nhiéu ham thyc hién
cac phép toan s hoc nguyén thiy. Nhiéu trong s6 ching 13 cac phép toan co ban,
chang han nhu nhan va tich lily 32 bit (ham “L _ mac”) hodc phép cong 32 bit bio
hoa (ham “L_add”), c6 thé dugc thuc hién bang 1énh Extended ARM cua nhu
SMLAL va QDADD. Str dung cac huéng dan dic biét ndy c6 thé luu cac instructions

mot cach hi¢u qua.

2) Ham ngi tuyén (Inline function): Viéc thém tién t6 noi tuyén vao ham co thé
loai bé thoi gian goi ham, von tiéu ton nhidu thoi gian. Ham ndi tuyén dang thay thé
trinh goi bang ma ngudn ctia ham, diéu nay s& lam tang kich thudc ma, cu thé 14 trao
d6i khong gian 1dy thoi gian. Do d6, chi ¢ ham voi dung lugng ma nho 1a thich hop

de st dung ham ngi tuyén.
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Theo bang trén, cac ham duoc sit dung thudong xuyén nhat 13 “L40 mac”,
“L_mac”, “L_shl”, “L_mult”, tic dong ciia kich thudc khong gian luu trit 12 rat nho,

nhung hiéu qua rat rd rang khi giam 20% tong thoi gian chay.

3) Téi wu héa vong Idp: Hau hét cac chuong trinh quan trong s& chira mot vong
lap. Trén nén tang ARM, cac vong lap cé instructions nho khi chiung dém nguoc vé
0. Poi khi, cac vong lap unrolling (loop unrolling) ¢ thé dat duoc higu suat t6i da.

Pay 1a cac k¥ thuat déu dugc hiéu chinh trong code.

3.7. Phan tich két qua thwe nghiém

Nén tang thtr nghiém dugc xay dung dua trén hé thdng ARM Cortex M4. Qua trinh
ma hoa va giai ma dugc thuc hién boi vi diéu khién STM32F437 cia hing ST dua
trén 161 ARM Cortex M4:

+ Core: Arm® 32-bit Cortex®-M4 CPU véi bo tinh toan sb thuc FPU, hoat
dong voi tan sb 180 MHz, ty suat DMIPS/MHZ cao 1.25 gitip cho hé thong c6 thé
dat dugc hiéu nang 225 DMIPS.

+ B6 nh¢: dung lugng bo nhé Flash 2 MByte, dung luong SRAM 256Kbyte.

Bang 3.6 dudi dua ra do tré ciia hai chudi 101 kiém tra trudc va sau khi téi uru hoa.
Thoi gian cta hai bai kiém tra 13 16,75 s va 3 s. Sau khi t6i uvu hoa, do tré ma hoa mbi
khung hinh giam 63,6% va d9 tré giai ma mdi khung hinh giam 41,6%. Tong do tré
ctia thuat toan MELPe trén mdi khung hinh 13 khoang 55,4 ms, dép tmg nhu ciu giao
tiép thoi gian thyc. Chat lwong giong néi dugc kiém tra boi PESQ (Panh gia cam
nhan vé chit luong giong ndi). Két qua PESQ cua giong ndi dugc ma hoa sau khi tdi
wu hoa 12 3.201, rat gan v6i két qua PESQ trude khi t6i wu hoa, 3.158. PESQ cho thiy

rang viéc toi uvu hoa khong lam giam chat luong giong noi.

Bing 3.6. So sanh d tré tinh toan

Thoi gian Frame Enc/Dec Delay khi Delay sau

thoai chwra t6i wu khi toi wu

(giay) (ms) (ms)
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16.75 248 Encode 127.1 46.2
16.75 249 Decode 16.6 9.6
3 44 Encode 111.2 45.5
3 45 Decode 14.8 8.7

*** V¢i ba tinh nang bo sung, MELPe c6 hiéu suét tot hon & téc do bit thip hon.
Pé dap tng nhu ciu ng dung ky thuat dya trén ARM Cortex M4, viéc t6i uu hoa
duoc thuc hién theo hai cach, bao gém tdi uu hoa thuat toan va téi wu hoa ma. Sau
khi t6i wu hoa, d6 tré cia mdi frame dugc giam tir 135.1 mili gidy xudng 55.4 mili
gidy ma chat luong khong giam. Céc thi nghiém chi ra rang hiéu qua cua viéc t6i wu

hoa, dap ing nhu cau thuc hién theo thoi gian thyc.
3.8. Luu dd giai thuit khdi ma héa/giai ma

Giai phap phan phdi cum tir khéa (passphase) duoc lira chon trong Luan 4n 1 giai

phap phan phbi trudc. Hai bén sé biét trude duoe cum tir khoa gidng nhau.

3.8.1. Lwu dé gidi thudt khoi ma héa

Poc cum tir khoa
(PassPhase)

|

Nap trang thai
khoi dau
(Initial State)

Co dir lieu
hoai can ma?,

Y
'

Doc dir lidu thoai
rd ra buffer

l

Siph dong lgh()u
bang day long
ghép (keystream)

|

Tht_}‘c hién ma hoa
bang ma dong

Gri ban ma

Hinh 3.9. Luu d6 giai thuit khdi mi héa



109

Phia giri s& doc cum tir khoa (PassPhase) ma 2 bén da thong nhat tir trudc va nap

trang thai khoi ddu. Hai bude nay s& duge thuc hién duy nhét 1an dau trong 1 phién

lién lac.

Khi ¢6 dit liéu thoai cAn ma (ludng dir liéu Melpe) tir khéi nén thoai Melpe s& duoc

lru vao bd nhg dém buffer. Néu khong co s& két thuc phién.

Tiép theo s& sinh dong khoa (keystream) bang diy 16ng ghép.

Thuc hién ma héa ludng dit liéu Melpe bang ma dong va tao ra ban ma thoai.

Thyc hién giri ban ma thoai sang phia bén nhan.
3.8.2. Lwu dé gidi thudt khoi gidi ma

( Bitdau )

A 4

Poc cum tir khdéa
(PassPhase)

v
Nap trang thai
khéi dau
(Initial State)

Co nhan dir
iéu thoai ma?

Y
v

Poc dir liéu thoai
ma ra buffer

A 4
Sinh dong khoa
bing diy long
ghép (keystream)

v

Thuc hién giai ma

A 4

bing ma dong

Xu ly giai nén
thoai melpe

/4

Hinh 3.10. Lwu d0 giai thuat khéi giai ma
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Phia nhén s& doc cum tir khoa (PassPhase) ma 2 bén d3 théng nhat tir truéc va nap
trang thai khoi dau.

Khi nhan dugc dir 1i€u thoai ma tir phia gui, s€ luu vao bo nhd dém buffer. Néu
khong nhan duoc s& két thuc phién.

Tiép theo s& sinh dong khoa (keystream) bang day 16ng ghép.

Thuyc hién giai ma ludng dir liéu thoai ma nhan dugc bang ma dong va giri ludng
dir liéu @6 toi khdi xur 1y giai nén thoai Melpe.

3.9. Két luan chwong 3

Chuong 3 da gi6i thidu tong quan vé m-day, cac da thirc cac thudc tinh ciia m-day,
tinh chat cac day 1ong ghép; gidi thiéu vé cau trac diy 16ng ghép (bao gdm ca diy phi
tuyén 10ng ghép), trong d6 kién trac day 1ong ghép c6 ké thira ndi dung cac bai bao
cua chinh nghién ctru sinh 1a tac gia va dong tac gid (bai béo so 1b); vé cdc phuong
phap sinh ddy 1ong ghép va 1dng ghép phi tuyén, tir Luan an nghién ciru nay nghién
ctru sinh da dong gop mot phuong phap méi (ngoai phuong phép bién ddi -d va ham
Vét da ké thira tir cac bai béo trude cta cac dong tac gia) d6 13 phwong phdp thit ba
tinh todn truc tiép gid tri 1 1a mot phirong phdp méi, dwoc tac gia ludn dn dé xudt
trong céng bé [1b] nay.

Chuong ndy ciing dwa ra phuong phép 1a loi thé cua phuong phap tinh toan truc
tiép gia tri thir tw 16ng ghép; xdy dung dwegc bing so sanh hiéu qud rit gon tinh todn
khi itng dung phwong phdp nay; Ung dung ddy long ghép phi tuyén trong ky thudt
mdt ma; Thyuc nghiém danh gia cac day 1dng ghép cu thé, phuong phap thuc thi diy
16ng ghép bang phan cimg; Tbi wu va thyc thi thut todn nén/giai nén Melpe, phan
tich danh gia hiéu ning sau t6i wu va cac thil tuc ma mat/giai ma bang Vi xir Iy ARM

STM32F.
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KET LUAN

Trong pham vi ludn an, tac gia da nghién cuu co so ly thuyét ma thoai, cac b0 tao
day gia ngdu nhién m-diy; dé xuét thiét ké, phan tich va xay dung ciu triic tong quat
ctia bo tao ddy gia ngiu nhién phi tuyén dya trén m-diy 10ng ghép, nghién ctru mot
sO phuong phap va dua ra hudng giai quyét trong bao mat cudc goi thoai trong mang
vién thong va thir nghiém trén nén tang phan cing. Trong qua trinh thyc hién luan
an, tac gia da c6 mot sb dong gop khoa hoc moi, cu thé nhu sau:

(i) Pé xuat giai phap bao mat dit liéu thoai st dung thuat toan sinh sd gia ngiu
nhién dya trén diy phi tuyén 16ng ghép;

(il) Pé xuat thuat toan cai tién, nang cao chit luong ma thoai MELPe va giai phap
truyén dir liéu thoai bao mat qua kénh thoai GSM;

(iii) P& xudt thyc hién k¥ thuat diéu ché va giai diéu ché dé truyén dit liéu thoai da
duoc ma hdéa bao mat qua céc thiét bi dau cudi va mang (li€én mang) truyén dan.

Vi nhimg dong gop khoa hoc néu trén, luan an 1a co s¢ dé nghién ciru, phat trién
cho cac hé théng truyén dan bao mat tin hiéu thoai qua kénh thoai GSM va qua céc
nén tang khac nhau dya trén kénh thoai. Cac thuat todn, gidi phap va thiét bi dugc
ching minh va m6 phong, danh gia rd rang, thuc hién cai dat thuat toan trén chip
FPGA hodc ARM tao ra Module duoc kiém tra an toan, tham dinh tinh thyuc thi ding
dan véi 1y thuyét dé c6 thé tmg dung dap tng nhu cau cap thiét trong thuc té.

Cic van dé can nghién ciru tiép

Viéc phat trién thuat todn nang cao chét luong tiéng noi cho phép thiét ké, ché tao
phan ctng thiét bi dién thoai di dong, cai dit cac thu vién, cac chuong trinh diéu
khién, cac thuat toan va hoan thién thanh mét thiét bi dién thoai di dong c6 bao mat
dung kénh 2G ctia mang vién thong di dong GSM dam béo tinh an toan trong cai dat
thuat toan vao thiét bi.

Hudng tiép theo 1a nghién ctru 1y thuyét ldy mau theo Nyquist da bang con dé ting
tdc d6 diéu ché / giai diéu ché Modem OFDM, thyc thi tich hop toan bd Modem nay
vao Chip ARM dé c6 thé lap vao dién thoai di dong. Lap trinh trén chip voi khong

gian chat hep, tai nguyén han ché nén yéu cau phai toi vu hoa vé toc do, ve kich thude
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mi chuong trinh, vé khong gian viing nhé dit liéu va ving nhé phuc vu thao tac tinh
toan. Hudng khéc 14 tich hop chirc ning modem vao phan mém cia dién thoai di dong

thong minh.
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