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Tom tat

Nghién clGu nay tach ba doi tuong thuong bi dong nhat khi ban vé CVNSS4.0 va kién tric vong:
(i) luGi 108 6 md hinh hda té hgp sdu 16p nguyén dm, ba nhédm dau phu va sau thanh; (ii) nhém
cyclic Z,yg va dang cdu CRT véi Z, X Z,; (iii) kénh dit liéu s6 chuyén 27 ky hiéu ASCIl gom A-Z
va khodng trdng thanh dang s6ng &m thanh bang 27-FSK, réi giai diéu ché ngugc. Chuing toi trinh
bay anh xa n — €2™"/108 chiing minh tinh bao toan pha tuong déi dudi dich chuyén déng thdi,
va phan tich phép d6i cuc 180 do. Mot giao thirc WAV cu thé dugc céng bé gom preamble, d6 dai,
payload va CRC-16; bén nhan st dung b6 do Goertzel. Kiém thir thubc tinh trén moi 108 trang thai
va truyén nhan soé trong diéu kién mé phéng dugc cung cap dudi dang mé nguén. Trong thi nghiém
c6 hat giéng c6 dinh véi 24 khung/muc SNR, ty 1& thanh cong bang 100% & cadc muc tr —15 dB tré
|én trong cdc mirc dugc thu, va gidm xudng 54,17% & —20 dB; khong ton tai I6i bdo ddm 100% cho
moi kénh vat ly. Céng thic 108 khong phai anh xa don anh tur toan bé am tiét tiéng Viét; CVNSS4.0
nguyén thly van c6 cac truong hgp gidi ma nhap nhang. Hé théng nay la bang ching vé tinh xay
dung va kha nang tai 1ap ciia mot dudng truyén ky hiéu bang séng, khéng phai chiing minh vé ngit
nghia, ASR hoac hiéu nang NLP.

T khéa: CVNSS4.0; Chinese remainder theorem; cyclic groups; ring embedding; ternary digits;
acoustic M-FSK; Goertzel; reversible signal-symbol conversion; reproducibility.

Abstract

This working paper separates three distinct layers: a proposed 108-cell Vietnamese vowel-
modifier-tone lattice, the cyclic group Z,,g together with its CRT decomposition Z, X Z,-, and
an independent acoustic 27-ary FSK transport for CYNSS4.0 ASCIlI symbols. We prove the circle
embedding, phase-shift invariance and 180-degree antipodal operation; construct an explicit
27-FSK PCM WAV framing and decoding pipeline; and release exhaustive algebraic tests and
seeded additive white Gaussian noise (AWGN) evaluations. In the fixed simulation, all frames
are recovered at selected SNRs of —15 dB or higher, whereas the success rate is 54.17% at —20
dB. These bounded measurements do not support unconditional reliability claims. Crucially, the
108-state lattice is not injective on Vietnamese syllables, the supplied CVNSS4.0 codec exposes
many-to-one mappings, and our single-frequency cyclic construction is not identical to multi-
frequency rotary position embeddings. The contribution is a reproducible digital signal-to-symbol
implementation with explicit guarantees and limits, not a universal lossless speech-to-text or
semantic mapping.

1. Pham vi va cau héi nghién cuu

* RQ1. C6 thé& bi€u dién nhat quan 108 trang thai triru tugng bang hai toa dd s6 hoc gém 2 bit
va 3 trit can bang khong? Cé; chirng minh CRT va kiém tra vét can.

¢ RQ2. C6 thé chuyén chudi ky hiéu CVNSS4.0 thudc bang A-Z + SPACE thanh PCM WAV rdi tai
tao chinh chuéi d6 khéng? Cé, trong gid dinh déng bd khung, biét chinh xac tan sé 1y mau
va kénh dugc diéu khién; phai do xac suat 16i khi c6 nhiéu.



e RQ3. C6 thé suy ra chuyén van ban Unicode tiéng Viét bat ky sang séng roi phuc hoi nguyén
ban chi tir 108 trang thai khong? Khong. Phai luu biéu dién ky hiéu day dd va quan ly nhap
nhang & bo gidi ma CVNSS.

* RQ4. M6 hinh nay c6 chitng minh CVNSS4.0 t6t hon ma chit khac, hodc RoPE lién tuc? Khéng,
can benchmark ngoai pham vi nghién ctu sa bo.

Hai khong gian ma c6 vai tro khac nhau: 108 trang thai danh cho hinh hoc/dai s6 cla ludi nguyén

am triu tugng; 27 ky hiéu la bang chit dr liéu thuc sy dugc gii qua séng. Khéng dong nhat ky tu

thudc bang 27 véi mot 6 dai sé 108 hay vai toan bo am tiét.

2. Pac ta bang 108 6

Gid dinh motlusi G =V x M xT v6iV = {a,e,i,o,u,y}, M = {plain, circumflex, hook/breve},

vaT ={0,1,2,3,4,5}. Binh nghta toa d6 v € [0,5], u € [0,2], T € [0, 5], véi:
Eo(v,pu,7)=18v 4+ 6+ 7 € {0, ..., 107}.

bay la mét song anh giira cac 6 caa ludi triru tugng va Z, 5. Tap con hgp 1é theo danh sach
dang chir viét la:

Nguyén am co s Dang cho phép So6 6
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S6 72 la dém 6 trén luéi do mé hinh chon; khong chiing minh rang 72 6 phtd toan bd am tiét hay
cau trdc ngr am tiéng Viét. Mot am tiét chlra nhiéu thong tin han nhu phu am dau, cum nguyén
am, phu &m cuéi va vij tri ddu. Chang han a va ba clung c6 nguyén am co sé va thanh diéu nhung
la hai &m tié€t khéc nhau. Do vay khdng ton tai song &nh X <+ 75 chi nho cdng thic trén déi véi
tap am tiét X giau hon 108 phan td. Trong Uing dung hién tai ching t6i khéng st dung £ lam
ma nén van ban.

3. Cac ménh dé dai sé va chitng minh

Pinh ly 1 — CRT dung véi 108
Vi 108 =4 - 27 va gcd(4,27) = 1, &nh xa

Y([nlios) = ([l [n]27)

la dang cdu vanh 7,3 = Z, X Z,; theo dinh ly thang du Trung Hoa. D&t ¢ = n mod 4,
r =mn mod 27. Vi27 = 3 (mod 4) va 371 = 3 (mod 4), phép khdi phuc tudng minh Ia:

n=r+27[3(qg—r),

Hai thanh phén ¢ va r c6 mién ding 4 va 27 gia tri. M& héa ¢ = by + 2b; bang 2 bit, r =
(to +1) +3(t; + 1) +9(ty + 1) bang 3 trit can bang t; € {—1,0,+1}. M&i trang thai dugc
khoi phuc duy nhét; ki€ém thir thuc hién trén du 108 gié tri. Luu y anh xa tir nhém Z, sang cap bit



chi la song anh tap hop, khong phai dang cdu nhém véi Z, X Z,, vi hai nhém c6 cau tric khac
nhau. Tuong tu, ba chit s6 tam phan la bi€u dién gia tri, khdng phai phép cong ting chir sé khéng
nha.

Thuéat nglr chinh xac la 2 bit + 3 trit, khéng phai “5 trit”. Néu dung ding 5 trit thuan tdy sé cé
3% = 243 c&u hinh, khéng phai 108.
Pinh ly 2 — Phép nhung vong don vi
V6i w = e2™/108 g5t ¢p(n) = w™. Ta <6 |p(n)| = 1, ¢p(n + 108) = ¢(n), va ¢ 1a don anh
trén n € [0,107] véi anh 1 nhém 108 nghiém cla don vi py05 C S'. Géc mdi budc bing
27 /108 = 7 /54 radian hoac 10/3 dd.
Pinh ly 3 — Phép doi cuc 180°

¢(n + 54) — 2mi(n+54)/108 _ ¢(n)e” — _¢<n)
Moc 27 budc cho 90°, 54 budc cho 180°, 81 budc cho 270°. Pay la hé qua cla viéc 108 chia hét
cho bén, khéng phai ménh dé vé déi nghia tir vung. Bat c nhdm cyclic bac bdi s6 cla 4 cling cé
cac moc tuong tu.
Pinh ly 4 — Bat bién pha tuong doi
Cho hai trang thai a, b va cung mét phép doi k:

¢(a + k) wa—b _ ¢<CL>

¢(b+ k) o)

DPang thirc dang hoan toan trong md hinh sé phuec ly tuédng. Pay la moét trudng hgp clia phép xoay
dang cy va giéng mét tinh chat hinh thuc clia RoPE. N6 khdng tuong duang vGi RoPE cla Su va
cOng su, von xoay nhiéu cap chiéu theo nhiéu tan s6. M6 hinh mot vong 108 bi alias khi do dich
chénh nhau 108, nén khéng thé suy ra lgi ich nglt canh dai.

4. Anh xa ky hiéu - trit » vector - tin hiéu

Dat bang ky hiéu chinh xdc A = {SPACE, A, B, ..., Z} v6ichis6 0,1, ..., 26. Mot ky hiéu ¢ c6 ma
j(e) € [0,26] va 3 trit can bang:

DAy 1a mét song anh: 27 = 32, NEu muén mot vector tin hiéu hinh hoc cho ky hiéu, cé tfjé’ dinh
nghia v; = (cos(27j/27),sin(27j/27)), va phép lugng t&r héa géc ngugc khi khong nhiéu. Ma
symbolToVector va vectorToSymbol hién thuc hda phép song anh nay véi ki€m tra chuan héa/do
léch vector; npm test duyét du 27 ky hiéu va khéi phuc chudi vector khi toa d6 khéng bi bién déi.
Tuy nhién, trong bd truyén thir nghiém ching téi dung 27-FSK, tirc mdi ky hiéu (ng véi mét tan
s0:

s;(t) = Asin(2m(fy + jAS)t), 0<t<T,.
Théng s6 da c6 dinh trong ma nguén: f, = 24000 Hz, T, = 0.100 s, f, = 600 Hz, A f = 80 Hz,
7 = 0...26. Bdi vay cac s6ng mang nam trong khodng 600-2680 Hz va c6 khoang cach tan so

AfT, = 8. V6i cac clra s6 chir nhat ly tudng, tan s6 mang c6 s6 chu ky nguyén trén mét 6 thdi

3



gian, tich v6 hudng clia hai séng mang khac nhau bang 0. Trong ma ngudn c6 taper 5 ms & hai
dau 6, lam gidm ti€ng click nhung khién tinh tryc giao chi con xap xi. Diéu nay phai phan biét vai
dinh ly tryc giao ly tuéng.

Cé thé dung dai lugng nang lugng tai tirng Ung vién do Goertzel tinh:

2399
Py =] a[n] e 2mkn/24002 1 k= (600 + 80) T, = 60 + 8j.
n=0

Chon f: arg max; Pj trén maoi 6. Pay la bd do khéng dong bd pha; khéng sir dung ASR, khéng téi
tao ti€éng ndéi con ngudi tlr &m thanh, va khéng phai speech recognition. V&i mau PCM do chinh bd
phat sinh ra, dau thu biét bién thoi gian cha 6 dau tién va khéng cé tréi dong ho.

4.1. Giao thuc ban tin

Khung mé hda theo gié tri Base27 (mdi gia tri diéu ché thanh mét am):

[26,0,26,0] : 4 ky hiéu magic/preamble
[1length@,lengthl,length2]: 3 chl sé base27, little-endian
[payload] : md @..26 cla cac ky ty A-Z / SPACE

[crc@,crcl,crc2,crc3] : CRC-16/CCITT-FALSE (poly @x1021, init Oxffff)

Dinh nghia CRC ap dung cho chudi byte cua chi sé ky hiéu, khéng tinh preamble/d6 dai. Mot
khung ky hiéu c6 L + 11 6, véi L < 1800, kéo dai 0.1(L + 11) gidy. Giao thic chi chdp nhan cac
ky tu ddng bang. Dau cau, so, tab va chlr Unicode ngoai bang bi tir chdi thay vi cat mat di liéu.
Khong cé kha nang dong bd khung tir ban ghi microphone tuy y; séng WAV nhap can dugc tao theo
dac ta nay, bat dau ding tai mau 0, PCM16 mono 24 kHz. CRC chi phat hién nhiéu kiéu 16i, khong
thé dam bao tuyét déi khéng cé va cham.

Théng lugng thé la log, (27)/0.1 ~ 47.55 bit/s, chua trir overhead 11 6/khung; khong phai phép
nén téi vu va khéng canh tranh véi modem hiéu suat cao.

5. CVNSS4.0 v5 audit-safe: gidi han cua tang Unicode

Hé thong s dung nguyén ban tép cvnss4_0_converter.pro.v5_0.audit_safe(20261116-
003134) . js dugc ngudi dung cung cap, dugc luu trong vendoxr/. Ham fromCqn() chuyén tiéng
Viét dau vao sang ma CVNSS; fromCvss () phuc hoi theo chinh sach canonical va inspectWord ()
cho biét cac ung vién canh tranh. Trong bd tép dinh kém, selfTest() trd vé 23/23 dat, va
audit() cho thdy 56 nhém nhap nhang, 5 nhém va cham quan trong, bang co sé 758 muc
va 336 ban va. Day la két qua tu ki€m th{r cla tép v5 da kiém tra, khong chdng nhan day dd ngén
ng( hoc.

Ta can tach hai phép thu:

1. Pdo nguoc ky hiéu trén kénh: CVNSS_ASCII == decode(encode(CVNSS_ASCII)). Kiém
th&r c6 y nghia khi bd giai diéu ché cung bd phat tuan thd dac ta va khéng c6 16i ky hiéu.

2. bao nguorc Unicode: Unicode_in == canonical_decode(CVNSS_encode(Unicode_in)).
Diéu nay khéng bao dam trén toan bd dau vao vi bd ma CVNSS c6é many-to-one mapplng,
c6 thé khac chir hoa/thuong hodc cac bié€n thé nhap nhang. Khéng mot phép dung vong sé
nao tu né stra dugc van dé nay.

D& bao toan 100% moi van ban UTF-8, can thém mot kénh escape/metadata hoac truyén payload
UTF-8 truc ti€p qua ma dir liéu c6 dinh dang va checksum; khéng thé chi dung 108 trang thai/am
tiét nhu mot phép nén duy nhat.



6. Thiét ké thi nghiém va tinh tai lap

Ma ki€ém th& dung Node.js built-in node: test va khéng can cai package bén ngoai. B6 thi nghiém
moé phong thuc hién 24 khung doc lap cho méi mic SNR tir —35 dén 20 dB, vdi 4 chubi ASCII
th ludn phién va bd tao nhiéu gid ngau nhién xorshift cé seed céd dinh. Cac séng dugc diéu ché
thanh Float32 réi cong AWGN; bén thu do SER, s6 khung toan ven va sé khung bi tir ch6i badi giao
th(c/CRC. Day la ti 1é thanh céng mau, khong phai can xac suat 16i hay bdo dam dinh ly.

Cau hinh tai lap:

node --version
npm test
node experiments/benchmark.js

Lénh cudi ghi dit liéu chi tiét tai experiments/results.json. Vi du nguén phat Tiéng Viét dugc
converter anh xa thanh Tizb Vidf; sau chuan héa ASCII dé truyén la TIZB VIDF.

6.1. Két qua sé cua ban chay ngay 16/11/2026

SNR (dB)  Khung ding /24 Ty léthanh cong  Lb6i ky hiéu /522 SER
-35 0 0% 481 0.9215
-30 0 0% 421 0.8065
=25 0 0% 235 0.4502
—-20 13 54.17% 14 0.02682
-15 24 100% 0 0
-10 24 100% 0 0

0 24 100% 0 0
20 24 100% 0 0

Bang c6 téng céng 192 khung (8 SNR X 24). SNR am la tuong quan cong suat téng tin hiéu
véi AWGN trong mién mau. Mic —15 dB dat 24/24 & seed va payload da chon nhung khong dai
dién cho moi kha nang nhiéu, Iéch déng hd, méo loa hay tiéng vang. Dac biét két qua 54.17% tai
—20 dB phan bac ménh dé “hoan hao 100% trong moi diéu kién”. Ngudng dau thu, bang ky hiéu,
payload va ma mo phong phai dugc gilr c6 dinh khi déi ching.

6.2. Y nghia cua sé liéu

K&t qua 100% cta mot tadp thi hiru han chi cho thay sé 16i bang 0 trong tap d6, khdng suy ra ty
1& 16i ky vong bang 0. Muén danh gid do tin cdy can nhiéu hat giéng, nhiéu payload cé phan bé
khac nhau, khodng tin cdy va mé hinh truyén kénh thuc (m6i truong phong, bién thién tan so lay
mau, AGC, nén &m thanh, clipping, Doppler, dong b6 preamble).

7. Han ché, doéi ching va tinh méi

* Vanh Z, g la hinh thirc héa clia moét luéi do nguoi nghién ctru thiét ké, khéng phai ching
minh tiéng Viét cé 108 am ti€t nguyén thay hay mét cau tric nhém nglr nghia tu nhién.

e S0 72 6 chi dém sy tuong thich dau phu cla sau ky tu nguyén am co s, khong phai tap
cac van hgp 1é, tan suat xuat hién hay toi uu méa hoéa.

* Viéc gan goc vGi mot 6 chi la mot phép nhidng theo nhém cyclic; cac co sé chan khac cling cé
truc 180° va moi bdi sé clia bédn c6 cdc méc 90°.

e 108 khong “t6i uu” cho tat ca muc tiéu. Hé 27-FSK la thiét ké trinh dién dé kiém toan, tén
bang théng, chdm va phu thudc dong bb.

e 2 bit + 3 trit khong cé nghia mach phan clng tam phan thuc sy can 6.755 bit bo nhé: phai
tinh biéu dién vat ly, bé tri bd nhé, giao thic va chi phi todn hoc.



e Khong cé két quad hudn luyén language model, so sanh perplexity, ESP32-S3/FPGA, thuc
nghiém séng loa-microphone, hay chiing minh chat lugng ASR/semantics.

e Trudc khi cong bd nhu mot preprint hoc thuat chinh thic, can xac minh doc lap provenance
cla converter va dua vao test golden corpus du 16n, danh gid cdc nhdm nhap nhang, déi
chiing cac hé ma s6 khac.

Diém mdi trong pham vi ban tri€n khai nay |a su ghép néi cé kiém ching gilta mé hinh vong
minh hoa, chudn d{r liéu 27 ky hiéu/trit, truyén thong séng FSK cé khung CRC, va bd converter
audit-safe. Khdng khang dinh cac thanh phan todn hoc hay FSK da dugc phat minh mdi.

8. Két luan

Cacménh dé Z g = Z, X Loy, p(n+54) = —¢(n) va bat bién pha dudi phép doi déng thai la cac
két qua todn hoc chat ché. B6 phat 27-FSK va dau thu Goertzel chiing minh mang tinh xay dung
rang c6 thé bién chudi ky hiéu CVNSS ASCII thanh séng PCM réi tai tao qua cing mdt giao thic khi
thoa céc gia thiét xac dinh. D{ liéu nhiéu cho thady hiéu suat thuc nghiém thay d6i theo SNR, nén
khai niém “kha thi 100%” phai dugc dinh nghia theo mién tha va diéu kién kénh, khong phat
bi€u nhu bdo ddm phé quat. Tang Unicode va ngit nghia can dugc kiém tra riéng. Ban nghién clu
cung cap ma, kiém thir va sé liéu dé cong dong tai lap hoac bac bé ting gia thuyét.
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5. CVNSS4.0 converter v5.0.0-audit-safe, tép tac gid/ngudi dung cung cap ngay 16/11/2026; ban
luu trong vendor/ cla dy &n, véi public APl audit(), inspectWord(), selfTest().

Phu luc A — ki€ém thu diéu kién phan bac

« Al: Thuat todn phai phat hién 16i dir liéu khi CRC sai; test kiém tra sira mot ky hiéu payload
trong khung.

« A2: Bau vao VIET hodc ABC. khdng dugc &m tham truyén thanh chudi khac; test khdng dinh
hé théng bao 16i cho ky ty ngoai bang.

e A3: Tat cd 108 ma phai khéi phuc qua CRT va cap 2 bits + 3 balanced trits.

« A4: Moi 27 ky hiéu gém khodng trang phai khoi phuc qua ding 3 trit.

e A5: M6 phdng AWGN c6 seed c6 dinh cho phép ki€m chiing lai ty 1& thanh cong; khéng suy
ra xac suat 16i téng quat.

Phu luc B — chi dan phat hanh

Dat repository ¢ nhanh main, bat GitHub Pages tir / (root) dé€ hién thi index.html. Chay local
bang python -m http.server 8000; truy cap http://localhost:8000. Céng bd preprint trén
kho luu trit hoc thuat chi sau khi ra soat phan bién ky thuat, license va dit liéu benchmark.
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