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Ma hoa nc-ron nam 2026

Trién khai quanh codec, chit khdng thay cho codec

Phat video - Nhiép anh - Cudc goi - Al tao sinh - Trd chai - Chip

KET LUAN

Mang nd-ron da hoat dong & ca hai dau ctia cac codec dang truyén tai video cla thé gidi.
Codec no-ron dau cudi chi dugc trién khai trong cac vong khép kin, con man hinh dai ching
phai chd H.267.

Tan Shuai

Chuyén gia cong nghé va nha sang lap - Nha nghién ctu va phat trién Al S6 liéu tinh dén ngay 12/11/2026

tanshuai.com - i@tanshuai.com S6 tién tinh bang do6 la My



Ma héa ng-ron ndm 2026 - Quanh codec, chi khéng thay cho codec
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Tém tat tdng quan
P& phé bién, nhung ndm quanh codec

Pham vi va phuong phap
“Ma hoéa nd-ron” & day nghia la gi, va t6i da tim hiéu ra sao

Phat video va phat truc tuyén
Phat video va phat truc tuyén: né-ron & hai dau, chuan & gidia

Nhiép anh va hinh anh

Nhiép anh va hinh anh: né-ron trong camera, truyén théng trén web

Cudc goi va hop truc tuyén
Cudc goi va hop truc tuyén: nai codec ng-ron dau cudi thuc su dugc trién khai

Al tao sinh
Al tao sinh: ngi trién khai I6n nhat ma khéng ai goi 1a codec

Tro choi va dé hoa
Tro choi va db hoa: tai tao nc-ron da phd bién, tai nguyén nd-ron mdéi bt dau

Lién két chuyén dung
Lién két chuyén dung: vé tinh, drone va robot

Chip

Goc nhin tU chip: nang lugng, tinh toan, bé nhé va dé chinh xac

Tiéu chuan va bang sang ché
Tiéu chuén va bang sang ché: nai cdng cu nd-ron trd thanh déi tusng cap phép

Ai kiém dugc tién
Ai kiém dugc tién, va doanh nghiép cé thé tham gia & dau

Tuyén bé va bang chiing
Nhiing tuyén bé ban sé nghe, va bang chiing néi gi

Cac méc can theo dbi
Nhiing gi can theo déi, 2027 dén 2030

Cau héi mé

Vé tac gia
Tan Shuai
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Ma héa ng-ron ndm 2026 - Quanh codec, chi khéng thay cho codec
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Ma hoéa ng-ron dugc trién khai 8 dau nam 2026

Ba cach mang no-ron di vao codec

TU tiéu chuén hoan tat dén man hinh dai ching mat gan tron mét thap ky

Trong cudc goi, codec na-ron vugt HEVC phan cling 65-76%

Khi mét cong ty kiém soat ca hé théng, tai tao bang mang no-ron lan nhanh

N&ng lugng méi pixel giai ma: bo giai ma chiic nang c6 dinh dan trudc mét bac dd 16n

M6t cong cu nd-ron tén hang chuc nghin MAC méi pixel; ca mot bd giai ma ns-ron tén hang tram nghin
Phan chia da vao san pham: phan cling chiic nang c6 dinh cho ludng bit, khéi xt Iy né-ron cho pixel

Ai kiém dugc tién tif ma hda no-ron ndm 2026

Nhan trong van ban

udc tinh phép tinh hodc suy luan cua tac gia tu di liéu dudc trich dan

theo nha cungcap do chinh céng ty ban san pham céng b6, chua dugc kiém chiing doc 1ap

phantich  céch tac gia dién giai béng chiing

Pay la ban dich tir an ban tiéng Anh; néu hai ban cé ché khac nhau, an ban tiéng Anh dudc uu tién.

S6 liéu tinh dén ngay 12/11/2026 - S6 tién tinh bang dé la My
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TOM TAT TONG QUAN

D3 phd bién, nhung nam quanh codec

KET LUAN

Nam 2026, ma héa no-ron da tré nén pho bién, nhung né hoat déng quanh cac

codec chuan, chit khéng thay cho chung.

~75%

nam 2025 (Ericsson)

1,26 ty ~12x

Iuu lugng di liéu di déng la video, cudi dién thoai théng minh xuat xuéng ndm nang lugng méi pixel so véi mot chip giai
2025, chiéc nao ciing giai ma video bang méa HEVC d& do (tinh ca DRAM), & thiét
phan cung chuc nang c6 dinh ké chip giai ma ng-ron duy nhat da céng

b6

~22 TOPS 75,5% Cudi nam 2029

nang luc tinh toan lién tuc cho mot bd bitrate it hon HEVC phan ciing: MLVC & H.267 phién ban 1, tiéu chuan dau tién cé
giai ma ng-ron cd DCVC-RT 6 1080p30 360p trong cudc goi, trén bd thir nghiém kha nang dua céng cu nd-ron dén moi
udc tinh cua chinh Microsoft  theo nha cung cap man hinh

Trién khai & dau

Vong khép kin

Thai diém

Mang nd-ron hién chay & ca hai dau clia nhitng codec dang truyén tai gan nhu toan bo video
trén thé gigi. G chiéu vao, ching dinh hinh hinh anh: bé xU ly tin hiéu hinh anh Al trong camera
dién thoai, va mét bd giam dod phan giai ng-ron trong quy trinh ma hoéa ctia Netflix. G chiéu ra,
chung sta lai hinh anh: Super Resolution clia YouTube trén TV, siéu phan giai tai Meta, va cac
bd xU ly TV quang cdo hang trdm mang ng-ron. G gilta, luéng bit van Ia AV1, HEVC, AVC hodc
VVC, do phan clng chiic nang ¢6 dinh giadi ma. Khéng dich vu phat truc tuyén nao gui dinh
dang video ng-ron dén TV hay dién thoai; 6 dau c6 bod giai ma video ng-ron dang chay trén
thiét bi hdm nay, né chay bén trong ting dung riéng ciia mét cong ty.

Codec nd-ron dau cudi, trong dé ca bd ma hoa 1an bd giai ma déu dugc huan luyén, chi dudc
trién khai trong cac vong khép kin, noi mot cong ty kiém soat ca hai dau va co thé chuyén vé
mot codec chuan. Microsoft da chay mét codec am thanh Al trong moi cudc goi hai ngudi trén
Teams va Skype tif nam 2021, va vao thang 7/2026 d& m3 ma nguén MLVC, mét codec video
nd-ron dang dudc trién khai trong cac cudc goi ngang hang trén Teams: & 360p, né can it hon
khoang 75% bitrate so v6i HEVC phan cling dé dat cung muc chat lugng dugc cham diém. Moi
mé hinh tao giong néi va video déu chay trén mét codec hoc may, ti cac bd token hoéa giong
noi 12,5 Hz dén cac VAE video cé ty & nén 1:192. Nén texture nd-ron da c6 mat trong mét tro
choi AAA. Bay 1a nhiing dgt trién khai thuc su, va ching cé chung mét diéu kién: khéng ai khac
phai giai ma luéng dif liéu.

Phat video dai chiing bang ludng bit na-ron phai chd mét tiéu chuan va mét chu ky chip. Tiéu
chuén dau tién c6 kha nang mang céng cu no-ron, thé hé ké nhiém VVC ma t6i sé goi 1a H.267,

da phat hanh 16i kéu goi dé xuat vao thang 7/2026, sé danh gia cac hd so phan hdi vao thang
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Chip

Kinh doanh

1/2027 va dat muc tiéu ra phién ban dau tién vao cudi ndm 2029. AV1 can gan tdm ndm tu khi
hoan tat dac ta dén luc chiém 30% lugng xem cua Netflix. Theo khudn mau dé, nhiing con chip
H.267 dau tién sé xuat hién vao khoang nam 2031 va phé cap vao gilta thap nién 2030

uée tinh . Trong khi do, codec sé dén vdéi man hinh tiép theo 1a AV2, hoan tat vao thang 5/2026
va khéng cé bo giai ma no-ron ndo bén trong, va ba nha cung cép IP da céng bé khach hang
cho bd giai ma AV2 trong vong ba tuan.

Ly do ndm & chip. Thiét k& chip giai ma video no-ron duy nhat da céng bé can 14,6 nd mdi
pixel, gap khoang 12 1an mét chip giai ma HEVC da do khi tinh cd DRAM, va khoang 47 |an riéng
phén 16i cua chip dé. Codec nghién cuu thsi gian thuc DCVC-RT cua Microsoft, theo cach toi
cdng tU chinh bang sé liéu theo tiing mé-dun cua néd, can khoang 175 nghin phép nhan-céng
dén (MAC) cho méi pixel giai méa, tlic chiing 22 TOPS nang luc tinh toan lién tuc cho 1080p30

usc tinh : khodng mot nira trong s6 40 TOPS dung dé dinh nghia mét PC Al, danh cho mét luéng
video. B& giai ma nd-ron con phai cho ra két qua giéng hét nhau dén tiing bit trén moi thiét bi,
néu khéng phan giai ma entropy sé dé vé. D6 la ly do MLVC danh déi kha ndng nén dé giai ma
giéng hét nhau trén cac NPU, va chay & 540p chi khéng phai 4K.

V6i doanh nghiép, tién di theo cac tiéu chuan va nén tang, chit khong theo cac codec ng-ron
ddc lap. Cac nén tang gil lai phan tiét kiém tu tién xu Iy va hau xu Iy né-ron. Nha cung cap IP
cap phép bd giai ma chuc nang c6 dinh cho méi tiéu chuan méi, kém NPU cho xu ly anh. Cac
nhém bang sang ché thu phi theo thiét bi: 0,50 USD méi dién thoai va 1,00-1,50 USD méi TV 4K
cho VVC tai My va céac thi trudng Khu vuc 1 khac. Ba startup codec na-ron néi tiéng nhat,
WaveOne, iSIZE va Deep Render, da dugc Apple, Sony va InterDigital mua lai. Cac co hdi con
dé ngd nam & tién xU ly va hau xi ly né-ron, 6 cac san pham vong khép kin, 6 nhitng con chip
két hgp codec chic nang c6 dinh véi NPU, va & céng viéc danh gia va tiéu chuan nam gilta cac
mang do.

Nhan dinh

Sé liéu chinh (nguén trong cac chuong)

Video chiém =75% dif liéu di dong; 1,26 ty

Ma héa nd-ron hién dugc
trién khai & quy mé I6n & dau?

Codec ng-ron cé thay thé
AV1, HEVC va VVC trong phat
video khong? Khi nao?

@ Chi phi trén chip la bao
nhiéu?

Tiéu chuan va béng sang
ché cho phép nhiing gi?

Ai kiém dugc tién, va
doanh nghiép cé thé tham gia &
dau?

Quanh codec: ISP camera, giam dé phan giai phia
méa hda, siéu phan giai khi phat. Dau cudi thi chi
trong vong khép kin: cudc goi, tai nguyén tro chai,
bd token hoa clia Al tao sinh

Khéng trudc khi cé mét tiéu chuan va mét chu ky
thiét bi. H.267 1a phudng tién thuc té dau tién, va
nhiéu kha nang sé két hgp coéng cu truyén théng
véi cdng cu nd-ron

N&ng luong méi pixel cao han mét bac dé 16n so
vdi giai ma bang phan ciing chiic ning cé dinh
hién nay, cong thém Iuu lugng bd nhd va yéu cau
chinh xac dén ting bit

Bo loc hau xU Iy nd-ron da co thé dudc bao hiéu
trong luéng VVC; JPEG Al Ia tiéu chuén ISO; H.267
sé quyét dinh céng cu nd-ron nao trd thanh déi
tugng cap phép

Nén tang, nha cung cép IP, chl s& hitu bing sang
ché. Céc startup thuan codec ns-ron da dugc mua
lai. Tham gia & tién/hau xu ly, vong khép kin, chip

codec cong NPU, danh gia

dién thoai va 200 triéu TV xuat xudng nam
2025, tat ca déu giai ma bang phan cling
chiic nang ¢é dinh; DLSS 4 c6 trong hon 250
tro chai va Ung dung

H.267 kéu goi dé xuat thang 7/2026, danh gia
thang 1/2027, phién ban 1 cuéi nam 2029; phd
cap gilta thap nién 2030 usctinh

14,6 nJ/pixel (nG-ron) so véi 1,19 (HEVC, kém
DRAM); =175 KMAC méi pixel giai ma = 22
TOPS & 1080p30  uéctinh

ECM (truyén théng) #28% so véi VVC; bd loc
nd-ron trong vong lap 6-14% & muc 10-22+
kMAC/pixel; ByteDance cé 645 ho bang sang
ché trong céng viéc thé hé sau VVC

Nhém bang sang ché VVC thu 0,50 USD mdi
dién thoai; IP giai ma AV2 dugc cap phép vai
tuan sau khi cé dic ta; ba thuong vu mua lai,
khong céng bé diéu khoan
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Cau hoi

Nhan dinh

trong cac chuong)

@ Nhitng tuyén bé nao can

dé dit?

MUc cai thién tinh so vGi codec cl, & do phan giai
thap, khéng kém chi phi giai ma, ho&c tif ban demo
thay vi san pham da phat hanh

Ma héa ng-ron dudc trién khai & dau nam 2026

Mang no-ron da chay & ca hai dau clia cac codec chi dao. Codec nd-ron dau cudi chi dugc trién khai & nci mot cong ty
kiém soat ca bo ma héa 1an bo giai ma.

Phat video va phat truc
tuyén

Nhiép anh va xt ly anh

Cudc goi va hop truc

tuyén

Al tao sinh

Tro choi va dé hoa

Lién két chuyén dung:
vé tinh, robot

Quanh mét codec chuan
tién xuf ly, tdng cudng, nang do phan giai

( Py P
® QUY MO LGN
Netflix giam d6 phan giai; YouTube,
Meta dung siéu phan giai; TV cé bd
nang do phan giai Al
.
f ~ .
® QUY MO LON
ISP Al trong dién thoai cao cap; ISP
ng-ron hoan chinh ra mét dang IP tai
CES 2026
&
( a -
® QUY MO LON
Siéu phan giai phia nhan va kh tiéng
6n bang mang no-ron

® QUY MO LON

Nang dd phan giai va tao khung hinh
no-ron: riéng DLSS 4 c6 trong hon 250
tro chai, Ung dung

® DEMO, THi BIEM

Khoi phuc phia may chu cho nguén
céap bitrate thap

Codec ng-ron dau cudi
bd ma hoa va giai ma hoc may

® CHUA TRIEN KHAI

Chua dich vu nao phat dinh dang video
nd-ron; TV va dién thoai giai ma codec
chuén b&ng phan cling

@ DEMO, THi BIEM

JPEG Al Ia tiéu chuén ISO: c6 demo
trén dién thoai, chua cé san pham

~
® QUY MO LGN

Am thanh ng-ron trong cudc goi hai
ngugi trén Teams tu 2021; video MLVC
dang trién khai trén Teams

\

( a P

® QUY MO LON

Moi mé hinh video va giong néi déu
chay mét bd token hda hoc may, nhu
VAE video 1:192

\

® TRIEN KHAI HAN CHE

Texture nc-ron da cé trong mot tro
chai AAA; SDK cua NVIDIA dang & ban
beta

® DEMO, THi BIEM

Codec na-ron chiu mat géi dang dugc
nghién cuu va thi diém

MLVC: it hon H.264 88% nhung it han HEVC
phan cung 65-76%; texture: tiét kiém 85%
VRAM trong demo, khoang 30% trong tro chaoi
da phat hanh

Trong tiéu chuan
céng cu no-ron trong ludng bit hoac API
chuan

® DANG CHUAN HOA

H.267 phién ban 1 dy kién cudi nam
2029; céng cu né-ron nam trong sé
ung vién

@® CHUA TRIEN KHAI

Binh dang dang lan rong la dinh dang
truyén théng: JPEG XL bat mac dinh
trong Chrome 155

® TRIEN KHAI HAN CHE

Opus 1.5 thém céng cu ML tuy chon,
tuang thich ngugc

® DANG CHUAN HOA

DirectX dang b6 sung phép toan ma
tran cho shader (ban xem trudc)

Ngudn: Tai liéu clia cac cong ty, t6 chuc tiéu chuan va nha phat trién dugc trich dan trong bao cdo; tinh trang tinh dén ngay 12/11/2026. Cac hang dugc
sap theo s6 ngudi ma méi linh vuc tiép can.
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CHUONG 01

PHAM VI VA PHUGNG PHAP
“Ma héa no-ron” é day nghia
la gi, va toi da tim hiéu ra sao

® Ba cach mang ne-ron di vao codec

“M3 hoéa nd-ron” bao ham ba thit khac nhau, va phan 18n tranh luan vé né bat ngudn tif viéc 1an 16n ching.

01 Quanh codec. M6t mang na-ron xu ly pixel trudc khi ma héa hoac sau khi giai ma, con ludng bit van
theo chuén. Vi du: bd xu ly tin hiéu hinh anh (ISP) Al trong camera, bd giam dé phan giai né-ron cua
Netflix dat trudc bé ma hda, siéu phan giai trén TV. Moi thiét bi déu phat dudc luéng nay; mang né-ron
chi thay déi nhitng gi di vao hoac di ra.

02 Trong tiéu chuan. Mang ng-ron trg thanh mét céng cu trong codec chuén, vi du mét bé loc nd-ron
trong vong lap hoac bd du doan ndi khung ma moi bd giai ma phai chay, nén né phai dugc dac ta chinh
xac, thudng bang sé hoc s6 nguyén. Mét dang nhe hon 1a bd loc hau xU ly né-ron dudc lubéng bit mé ta
trong siéu df liéu, va bod giai ma co thé chon ap dung.

Q3 Thay cho codec. Ca b6 ma héa lan bd giai ma déu dugc huan luyén tir dau dén cudi. Ludng bit 1a mot
tap gia tri tiém an da lugng ti hda ma chi mang tudng ng mdi giai ma dugc. Vi du: MLVC cla Microsoft
trong Teams, bd token héa giong nodi trong cac moé hinh giong noi, texture ng-ron trong mot tro chai.

Ba cach mang na-ron di vao codec

Phan 16n nhiing gi dudc trién khai ndm 2026 hoat déng quanh mét codec chuan. Céng cu no-ron trong tiéu chudn dang
dudc déc ta. Codec na-ron dau cudi chi thay cho codec & ngi mét cong ty kiém soat ca hai dau.

() Quanh codec Trién khai quy mo Ién O Trong tiéu chuian Bang chuén hda ' Thay cho codec Chi vong khép kin

B0 loc hau xur ly né-ron mo ta trong siéu dir

liéu SEI
NN NN
Camera Trudc ma hoa B6 ma hoa Ludng bit Bo giai ma Sau giai ma Man hinh
ISP Al Giam do phan AV1-HEVC - VVC Pinh dang chuén Phéan cling chiic Siéu phan giai, TV - dién thoai -
| giai, khit nhiéu - - nang cé dinh | tang cudng > pC
ng-ron

Cognitive ISP; ISP Al B giam do phan giai L | YouTube Super ?
hoan chinh trén NPU na-ron cua Netflix Bd loc no-ron trong vong 1ap, du doan ndi khung: ting vién H.267 Resolution; chip xu ly :
(CES 2026) hinh anh cta TV 1
1

\ i

1 1

1

: Thay cho codec 1

1 e e e e e .  — — — — — — — — — — — — — — — — — — — — — — — — — — — — ——————— o — - - !

1 ,’ \ :

' : B6 ma héa hoc may - bittiém an > bo giai ma hoc may ; 1

1 | 1 !
""" >, MLVC trong Teams - bd token hda giong ndi va video - texture ng-ron trong tro chgi :' Tttt o

: Chi khi mét cong ty kiém soat ca hai dau, véi codec chuan lam du phong 1
\ 1

Ngudn: Tac gia téng hgp tif cac nguén trong bdo céo nay; tinh trang tinh dén ngay 12/11/2026.

07



Loai thit nhat khéng can ai cho phép. Loai thi hai cAn mét tiéu chuan. Loai thi ba can kiém soat ca hai dau. Do Ia
thi tu ching dén véi ngudi dung, va né giai thich phan 16n nhiing gi trinh bay tiép theo.

® Sip xép theo thé gidi thuc, khéng theo chuong trinh nghién ciru

Céc bai bao nghién cliu chd yéu tim hiéu loai thi ba, vi dé 1a ngi c6 cac ky luc nén. B4o cao nay sdp xép cac linh
vuc theo s6 ngudi ma chung tiép can, vi dé la diéu quyét dinh tién va cong suic ky thuat dé vao dau: phat video va
phat truc tuyén trudc tién, sau dé 1a nhiép anh, cudc goi, Al tao sinh, trd chdi, va cudi cling la cac lién két chuyén
dung (vé tinh, drone, robot). Theo s6 liéu cua Ericsson vao cudi nam 2025, video chiém khoang 75% toan bd Iuu
lugng dir liéu di déng. Nam 2025, nganh céng nghiép da xuat xudng khoang 1,26 ty dién thoai théng minh (IDC)
va chiing 196-209 triéu TV (udc tinh cua TrendForce va Omdia). T4t c& chung déu giai ma video bang phan clng
chuic nang c¢6 dinh.

® Cach t3i lam viéc

Pay la nghién cuu tai liéu, dudc thuc hién theo cach tdi thAm dinh mét con chip hay mét ké hoach san pham. Téi
da doc tai liéu tiéu chuan va bao cao cudc hop (JVET, MPEG, JPEG, AOMedia, IETF), blog ky thuat va ghi chu
phat hanh cua cac cong ty, bai bao vé chip, bang phi ctia cac nhém béng sang ché, van ban kiém soat xuat khau
va bao chi. Moi con s6 déu kém thsi diém. Khi tu suy ra méot con s6, chdng han khéi lugng tinh toan méi pixel tu
cac bang clia mdt bai bao, t6i noi ré va gan nhan usctinh . Nhiing tuyén b tdi khéng thé déi chiéu véi ngudn goc
dugc g&n nhan theonha cungcdp . SO tién tinh bang dé la My. Tinh trang tinh dén ngay 12/11/2026.

Khi cé thé, t6i so sanh nhiing thu tudng ducng nhau, va néi rdé khi khéng thé. Muc cai thién vé nén it cé y nghia
néu khong kém bén diéu: mdc so sanh (cai thién so véi céi gi), thudc do (PSNR, VMAF hay mét nhém ngudi xem
danh gia), ndi dung va doé phan giai, va chi phi giai ma. Phan 16n bat déng vé codec na-ron bién mét khi bén diéu
dé dugc néu ro.

CHUONG 02

PHAT VIDEO VA PHAT TRUC TUYEN
Phat video va phat truc tuyén:
na-ron & hai dau, chuan & giita

® Nhitng gi ngudi xem nhan dudc van la luéng bit chuan

Céc dich vu video I18n nhat d& hoan tat mét 1an chuyén déi codec va dang bat dau Ian tiép theo, va ca hai déu
khéng lién quan dén bd giai ma no-ron. Thang 12/2025, Netflix cho biét AV1 chiém khoang 30% lugng xem cua
ho, 1& codec dugc dung nhiéu thd hai sau AVC. AV1 chi dén dudc TV khi bd giai ma phan cung dén: Netflix dua
AV1 vao quy trinh chitng nhan thiét bi ndm 2019, phat né dén TV tU cudi nam 2021, va cho biét 88% thiét bi man
hinh 18n dudc gui chitng nhan trong giai doan 2021-2025 hd trg nd, gan nhu tat ca |4 ti nam 2023. YouTube cho
biét tinh dén ngay 19/3/2026, hon 90% kho ndi dung cla ho, tinh theo thsi lugng xem, da c6 san & AV1.

AV2, thé hé ké nhiém AV1 cua Alliance for Open Media, dat phién ban 1.0.0 ngay 28/5/2026, véi kha ndng nén t6t
hon AV1 khoang 30% theo cac phép do khach quan cua AOMedia. YouTube du kién phat lubng AV2 trén web
“sém nhat 14 ddu ndm 2027". Chip di theo ngay lap tic: Chips&Media hoan thanh bd giai ma phan cing AV2 vao
thang 5 va cap phép cho mét céng ty céng nghé 18n gidu tén 6 Badc My vao thang 6; Allegro DVT da giao IP giai
ma AV2 cho ba khach hang trudc ngay 16/6; VeriSilicon da phat hanh mét IP video hé trg AV2 cho mét s6 khach
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hang trudc ngay 10/6. AV2 Ia codec truyén théng: muc cai thién clia né dén tif phan ving, du doan, phép bién ddi
va bd loc trong vong lap tét han (mot trong sé dé 1a bd loc chi tiét cé hudng dan “dua trén dif liéu"), chi khéng
phai ti mét mang no-ron dau cubi.

VVC, tiéu chuan ITU/ISO hién hanh, cé ndi phat séng dau tién tai Brazil, ndi hé théng DTV+ (TV 3.0) di vao van
hanh thuong mai vao thang 6/2026, dung dip World Cup. Tinh dén thang 7/2026, chua cé TV nao ban tai Brazil
tich hop sdn dau thu DTV+; nhiing chiéc dau tién du kién xuat hién trong khoang tif cuéi ndm 2026 dén dau nam
2027.

® G bo ma héa: bo giam doé phan giai no-ron cta Netflix

Vi du ré rang nhat vé ma hoa no-ron trong phat video da chay ti ndm 2022 va khéng thay déi gi nhiing viéc thiét
bi clia ngusi xem phai lam. Netflix ma héa méi ndi dung & nhiéu do phan giai, va budc giam dé phan giai tao ra
cac ban 1080p, 720p va 540p ti ban goc 4K trudc day dung mét bd loc ¢6 dinh nhu Lanczos. Netflix thay né
b&ng mét mang no-ron nho, gém mét khoi tién xur ly tiép theo la mét khéi ddi kich thudc, dudc huan luyén dé cai
thién chat lugng hinh anh sau khi di qua mét bdé nang dd phan giai chuan trén thiét bi. Netflix mé ta day l1a giai
phap thay thé truc tiép (drop-in): khéng can thay déi gi khac & phia ma héa hay phia may khach, nén “hang triéu
thiét bi hd trg phat truc tuyén Netflix tu ddng dugc hudng Igi". Trong cac thit nghiém vé muc dd ua thich do Netflix
thuc hién, khoang 77% ngudi xem chon két qua cla bd gidm dd phan giai nG-ron  theo nha cung cép . D& gitt chi phi &
muc chap nhan dudc véi quy mé cla Netflix, “chi vai I8p mang no-ron 1a du”.

D6 1a khuén mau can ghi nhé. Mang nd-ron chay mét lan cho méi ndi dung trong trung tadm di liéu, noi nang luc
tinh todn ré va co thé I1&n lich, va dau ra cla né la mét ludng AV1 hoac HEVC binh thudng.

® G man hinh: siéu phan giai trong ting dung va trong TV

3 dau bén kia, mang nd-ron siia lai nhitng gi codec va nguén da lam mat. Ngay 29/10/2025, YouTube céng bé
Super Resolution cho (ing dung TV: video tai I&n dudi 1080p, ti 240p dén 720p, dudc nang I&n HD bang hoc may,
vdi muc tiéu da néu 1a 4K. Cac phién ban dudc nang dé phan giai cé gan nhan, ngudi xem cé thé chuyén vé ban
go6c, va nha sang tao c6 thé chon khéng tham gia. Thang 10/2025, Meta mé ta cach hang chay siéu phan giai
video ca trén may chu khi tai I&n, trén CPU x86 tiéu chuan véi su hdp tac cua Intel, 1an trén may khach khi phat,
va nhan thay hai cach nay bé sung cho nhau. Cac hang TV lam diéu tudng tu bang chip: bd xi ly 8K hang dau
cla Samsung, NQ8 Al Gen3, quang cdo 768 mang nd-ron dé nang dé phan giai.

Bai toan kinh té khac nhau tuy nai mang no-ron chay. X ly phia may chu khién nén tang tén nang luc tinh toan
cho moi video ma né xt ly. XU ly phia thiét bi khéng tén gi clia nén tang; n6é dung NPU ma ngudi mua da tra tién.
Pé 1a ly do nhitng muic cai thién I6n nhat trong ndm 2026 dén ti ca hai.

® Visao khéng TV nao giai ma luéng bit né-ron

Mét dinh dang phat video phai giai ma dugc trén moi thiét bi sé phat né, va nhiing thiét bi dé dung nhiéu nam.
Piéu nay khién con dusng tU mét tiéu chuan hoan tat dén man hinh dai chung dién ra cham, ngay ca véi codec
truyén théng. Pac ta AV1 hoan tat vao thang 3/2018; bo giai ma phan mém davild ra d&i trong vong vai thang; TV
phat né ti cudi ndm 2021; né chiém khoang 30% lugng xem cla Netflix vao thang 12/2025, gan tam ndm sau khi
c6 dac ta. VVC hoan tat vao thang 7/2020 va c6 dich vu phat séng dau tién vao thang 6/2026.
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Tur tiéu chuan hoan tat dén man hinh dai ching mat gan tron mot thap ky
Phat video can bd giai ma phan cling trong thiét bi. AV1 mat gan tdm ndm ti khi hoan tat dic ta dén luc chiém 30% lugng
xem Netflix; tiéu chuan dau tién cé kha ndng mang céng cu na-ron du kién ra dsi cudi nam 2029.

Hién tai
bBac ta 30% lugng xem Netflix
[ ) ° [
TV dau tién phat
Pac ta
VVC /H.266 () )
Lén séng (Brazil)
Bac ta va IP giai ma
AV2 o=--0
YouTube phat (ké hoach)
Kéu goi dé xuat Chip dau tién (udc tinh)
H.267 © - TR (@)===e ®imcoscosccoscna o)
Phién ban 1 (cudi 2029) Phé cap (udc tinh)
Hai ban trién khai trén dién thoai
JPEG Al @ e @
Tiéu chuan ISO, Phan 1
2018 2020 2022 2024 2026 2028 2030 2032 2034 2036

Ngudn: Netflix Tech Blog (thang 12/2025); AOMedia; Allegro DVT; TV Technology; Fraunhofer IIS vé DTV+ cua Brazil; MPEG-155; Gy ban JPEG; I1SO. Cac
méc réng la muc tiéu hodc udc tinh cla tac gia.

Ludng bit né-ron thém vao hai van dé ma codec truyén théng da giai quyét tif 1au: nang lugng méi pixel va giai ma
chinh xac dén tiing bit. C4 hai dudc trinh bay 8 Chudng 8. Gop lai, chiing cé nghia 1a sé khéng hang TV hay dién
thoai nao dua bd giai ma video nd-ron vao moi thiét bj trudc khi mét tiéu chuén chi ré chinh xac ho phai xay dung
caigi.

® Piéu gi c6 thé thay ddi cuc dién: H.267

Tiéu chuan cé thé dua cdng cu né-ron dén moi man hinh 1a thé hé ké nhiém VVC, do ITU-T va ISO/IEC cung phat
trién trong Nhém Chuyén gia Video Chung (JVET). Tén cla né chua chét; t6i sé goi né la H.267, nhu phan I16n
nganh van goi.

Thang 10/2025, JVET danh gia cac hd so phan héi 16i kéu goi bdng chiing: ndm hé sg ti 16 céng ty va phong thi
nghiém nghién clu, v6i 20 cau hinh codec dugc thi nghiém. Uy ban tim thdy béng ching vé kha nang nén tét
hon VVC va danh gia ca céng nghé truyén théng cai tién 14n céng nghé mang nd-ron déu “dang quan tam". Cac
céch tiép can no-ron cho thay cai thién rd rét vé cam nhan thi giac, dac biét véi ndi dung 8K HDR, va cai thién nhd
hon véi ndi dung trd chai. InterDigital, mot bén guli hé s, da ndp mot thiét ké dua trén M6 hinh Nén Nang cao
(ECM) truyén théng va mot thiét ké bé sung cac céng cu Al 1én VVC.

L&i kéu goi dé xuat chinh thiic dugc phat hanh tai cudc hop thang 7/2026 & Geneva. Han ndp hé sd chinh 1a cudi
thang 10/2026, mét goi bd sung dén han vao gilta thang 12, va cac hd sa sé dugc danh gia tai cuéc hop JVET &
Brisbane vao thang 1/2027. JVET du kién cé md hinh thit nghiém dau tién vao ntia cudi nam 2027 va phién ban
dau tién cua tiéu chuan trudc cudi nam 2029, va goi nd luc nay 1a “cé 1& 1a nd Iuc 18n hon bat ky 1an ndo trudc day
dé khoi ddng mot tiéu chuan mai".

Hudng truyén théng dat ra mét ngudng cao. ECM, dudc xay dung bang xU ly tin hiéu truyén théng, tiét kiém
chling 28% so véi VVC trong cau hinh truy cap ngau nhién. Nhém tham do mang no-ron cla JVET bdo cdo cac

10



bd loc trong vong 1&p tiét kiém khoang 6% & muc 10 nghin phép nhan-cong dén médi pixel, 8% & muic 22 nghin, va
14% & mot diém van hanh cé dé phic tap cao. Nhan dinh cua t6i 1& H.267 nhiéu kha nang sé 1a mot 16i truyén
théng cung vai céng cu no-ron & ndi lugng bit tiét kiém dudc xing véi chi phi giai ma, va dgt danh gia thang
1/2027 sé cho thdy cé bao nhiéu cédng cu nhu vay phantich .

Pa co6 s&n mot cau néi. Ludng VVC va HEVC cé thé mang théng tin tdng cudng bd sung (SEI) mé t& mét bd loc
hau xU ly ng-ron dé phia giai ma ap dung, va cac phién ban méi cua VVC clng tiéu chuan SEI ctia né (VSEI), hoan
tat vao thang 10/2025, da ma rong cac thong diép nay. Mot ludng co thé cho biét nén chay mang nao sau khi giai
ma ma khong budc moi bd giai ma phai chay né.

® Y nghia vdi doanh nghiép trong mang phat video

Hay ban nhiing gi hoat ddng quanh codec ngay bay gid: tién xi ly phia ma héa cho céac dich vu, va khéi hau xu ly
cuing dich vu tinh chinh cho chip TV va dau thu. Biing xay dung mét mang kinh doanh phat video dua trén luéng
bit na-ron phai giai ma trén thiét bi cia bén thu ba trudc thap nién 2030. Néu ban lam chip, doanh thu trudc mat Ia
bd giadi ma AV2 va VVC; phan no-ron la mét dudng xu ly NPU dé tdng cudng chéat lugng dat bén canh chuing
(Chugng 8).

CHUONG 03
NHIEP ANH VA HiNH ANH

Nhiép anh va hinh anh: né-ron trong
camera, truyén théng trén web

® Quy trinh xtf ly cia camera da la nd-ron

Moi biic anh tif mét chiéc dién thoai cao cap gan day déu da di qua mang na-ron trudc khi dudc nén. Snapdragon
8 Gen 2 clia Qualcomm, cé trong dién thoai tu nam 2023, gidi thiéu mét “Cognitive ISP" chay phan doan ngi
nghia th&i gian thuc khi chup anh va quay video, diéu chinh riéng khudn mét, téc, bau trsi va hau canh; Galaxy
$23 Ultra cuia Samsung la dién thoai dau tién dung né cho camera selfie. Thang 1/2026, tai CES, Chips&Media va
Visionary.ai trinh di&n thi ma ho goi & ISP hoan toan dua trén Al dau tién: mot quy trinh xU ly anh dau cudi chay
hoan toan trén NPU WAVE-N cua Chips&Media, 8 dau phay ddng 16 bit, khdng can ISP chic nang cé dinh, va cé
thé cap nhat qua mang. “Céac quy trinh hién cé gan thém khéi nd-ron vao mét ISP chic ndng cé dinh. Chung toi
thay thé hoan toan ISP truyén théng”, CEO cua Visionary.ai cho biét. Sau trién 1am, giai phap dudc dua dén cac
nha san xuat dé danh gia.

Sau dé, két qua dugc luu dudi dang JPEG hodc HEIF, nhitng dinh dang truyén théng ma thiét bi ndo cing mg
dugc. Khudn mau giéng nhu trong phat video: nd-ron bén trong quy trinh cia mét céng ty, chuan & ranh gidi.

® JPEG Al: mét tiéu chuan ng-ron da hoan tat nhung chua cé san pham

JPEG Al |a tiéu chudn ma héa anh hoc may dau tién cua ISO/IEC va ITU-T (ISO/IEC 6048, ITU-T T.840). Phan 1, hé
théng ma hda 16i, dudc ban hanh ndm 2025. Uy ban JPEG bao cdo muc cai thién nén ti 12,5% dén 27,9% so Vi
ma héa ndi khung VVC, trén mot dai dd phuic tap giai ma ti 7 dén 216 nghin phép nhan-céng dén méi pixel. Thiét
ké cua né gébm hai bd ma hoa va ba bd giai ma dudc huan luyén chung, nén bén nhan chi can trién khai mot bd
giai ma ma van doc dudc moi ludng. Pén thang 5/2024, Uy ban da bao cao hai ban trién khai trén dién thoai thong
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minh. Song song do, vao thang 12/2024, IEEE ban hanh IEEE 1857.11-2024, mét tiéu chuan ma héa anh dua trén
mang nd-ron dugc thiét ké cho NPU.

Tinh dén thang 11/2026, tdi khéng tim thdy camera dién thoai, Ung dung anh hay trinh duyét nao ghi hodc doc
JPEG Al theo mac dinh.

® Thua web chon thay vao dé: JPEG XL

Pinh dang anh thuc su lan réng trong nam 2026 1& dinh dang truyén théng. Ngay 6/10/2026, Google bat giai ma
JPEG XL méac dinh trong Chrome 155, dung mét bd giai ma mdi an toan bd nhd viét bang Rust, bén nam sau khi
g8 bo ho trg thit nghiém. Safari da giai ma JPEG XL ti nAm 2023, va Mozilla cling dang di theo hudng dé. Lap
ludn cua Google 1a kha nang nén tét hon JPEG, nén lai khéng mat dif liéu cac tép JPEG hién c6, HDR va giai ma
IOy tién.

Bai hoc nay mang tinh khai quat. Mdt dinh dang phai ma dugc 8 moi ndi sé thang nhd mét bd giai ma nhanh, tat
dinh, chay trén moi CPU va c6 thé bao dam an toan bd nhd. B6 giai ma anh no-ron can NPU hodc GPU va s6 hoc
chinh xac gilta cac thiét bi. Ma hda no-ron thang thé bén trong quy trinh riéng cia mét thiét bi va trong nhiing hé
théng ma cung mot céng ty vifa ma héa via giai ma, nhu mét dich vu anh dam may khéng bao gid giao tép nén
cho bat ky ai khac.

® Y nghia véi doanh nghiép trong mang xt ly anh

Tién ndm & quy trinh ghi hinh: IP ISP Al, NPU ¢6 kich ¢& phu hdp cho xU ly anh, va céng viéc tinh chinh ma céc
hang camera mua. V&i luu trif va phan phéi, codec anh hoc may ngay nay l1a cdng cu cho hé théng khép kin,
khéng phai mét dinh dang dé dat cudc.

CHUONG 04 scee
cuOC GOI VA HOP TRUC TUYEN
Cudc goi va hop truc tuyén: ndi codec
no-ron dau cudi thuc su dudc trién khai

® Am thanh di truéc

Thang 2/2021, Microsoft gii thiéu Satin, mét codec giong néi dung Al, va cho biét né da dugc dung cho moi cudc
goi hai ngugi trén Teams va Skype. Satin cho giong ndi siéu bang rong, bang théng am thanh tdi 16 kHz, & 6 kbps,
trong khi codec Silk trudc day cua Skype 1a bing hep & téc dd doé. Phan bitrate tiét kiém dudc dung cho di liéu du
phong, nén cudc goi chéng chiu méat goi tét hon.

® MLVC: codec video ng-ron trong cac cudc goi thuc té

Ngay 24/7/2026, Microsoft phat hanh MLVC, codec video hoc may cua hang, dudi dang ma nguén ma theo gidy
phép MIT, kém ma mé hinh, trong s6 da huan luyén, script huan luyén va cac céng cu chuyén déi nham t6i nhiing
NPU khac nhau. MLVC & phién ban san phadm cua ho DCVC ma Microsoft Research céng bé ti nam 2021.
Microsoft cho biét dang trién khai MLVC trén Teams cho cudc goi ngang hang, véi dif liéu do tU xa truc tiép, thu
nghiém A/B va cac codec truyén théng lam phuong an du phong.
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Ma héa ng-ron ndm 2026 - Quanh codec, chi khéng thay cho codec

MLVC chay & 540p va 360p véi 30 khung hinh/gidy va dudc thiét ké dé dung khéng qua mét niia NPU trén Neural
Engine ctia Apple ciing nhu NPU cuia Qualcomm va Intel, chia viéc gita CPU va NPU. Trong céac thit nghiém chu
quan theo ITU-T P.910 trén bd Video Conferencing Dataset cua chinh Microsoft, né can it bitrate hon H.264
87,8% va it hon HEVC phan cling 75,5% & 360p, va lan Iugt it hon 82,7% va 65,4% & 540p  theo nha cung cép . O
360p, do la chiing 122 kbps trong khi H.264 can khoang 1 Mbps.

Trong cudc goi, codec né-ron vugt HEVC phan ciing 65-76%

Bitrate can cho cling muic chat lugng dugc cham diém trén bd thd nghiém hoi nghi truyén hinh ctia Microsoft, H.264 = 100.
MLVC chay trén NPU cua laptop va dién thoai, t6i da 540p30, diing khéng qua mot nira NPU.

360p, 30 fps
H.264 100 (=1.000 kbps)
:| -75,5% so v6i HEVC phan cling
MLVC (nG-ron) - 12,2 (=122 kbps)
540p, 30 fps

H.264 100

MLVC (nG-ron) - 17,3
0

:| -65,4% so v6i HEVC phan cling

Bitrate tuong déi (H.264 = 100)

Ngudn: Microsoft, cdng bé MLVC (24/7/2026): thit nghiém chl quan theo ITU-T P.910 trén b Video Conferencing Dataset clia hang. Cét HEVC dudc suy
ra tir muc tiét kiém da cong bé. S6 liéu do nha cung cap céng b6, khéng phai phép do déc lap.

C6 hai diéu khién con sé trén tiéu dé bét &n tugng. Muc 88% la so véi H.264; so v&i HEVC phan cling von da co
trong chinh nhiing chiéc laptop dé, muc tiét kiém la 65-76%, van rat I16n. Va MLVC da hy sinh kha ndng nén dé cé
thé trién khai: mot phan tich doc lap chi ra rang DCVC-RT dugc huén luyén theo cdm nhan dat 81,9% trén cung
thudc do ma MLVC dat 75,5%. Cai gia cla viéc giai ma gidng hét nhau trén phan ciing khéng thudc vé Microsoft
la khoang sau diém.

@ Visao cudc goi la moi trudng tu nhién

M6t cudc goi 1a mdt vong khép kin. Hai dau chay cling mét ting dung, thda thuan kha nang clia nhau khi bat dau
cudc goi, va cé thé chuyén vé codec chuan gilta chiing. B6 phan giai khiém tén, mang thudng kém, va laptop &
ca hai dau nay déu cé NPU, nhu dién thoai da cé ti nhiéu nam. Microsoft d&t NPU 40 TOPS lam ngudng cho PC
Al cua hang, va Neural Engine cla Apple M4 dudc céng bé & muic 38 TOPS. Moi diéu kién can tré codec nd-ron
trong phat video déu khéng co & day.

@ Cac phan vi du: Opus va MLow
Khéng phai nén tang goi dién nao cling dua ra cung Iua chon, va ly do rat dang hoc hoi.

Opus, codec &m thanh ma trong WebRTC va phan 16n Ung dung goi dién, bd sung hoc sau & phién ban 1.5 (thang
3/2024), 1an dau né dung mang no-ron dé xU ly hodc tao ra chinh tin hiéu. Nhung Opus thém ching dudi dang
tly chon: tdng cudng phia gidi ma (LACE va NoLACE) khéng cén thay déi ludng bit, che gidu méat géi bdng mang
ng-ron, va mdt cd ché du thira sdu (DRED); tat ca déu tdt mac dinh dé thiét bi ci khéng phai ganh thém. Opus 1.6
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thém md réng bang théng b&ng mang nc-ron va mét mé hinh DRED nhé hon ba 1an, va van tuong thich hoan toan
Vi tiéu chuan nam 2012. C4ch tiép can nay |a “trong tiéu chuan, tly chon va tuong thich ngugc”.

Meta con IUi xa han. Thang 6/2024, hang ra m&t MLow, mét codec giong néi bitrate thap xay dung trén xu ly tin
hiéu truyén théng thay vi mang no-ron, hién cé trong moi cudc goi Instagram va Messenger va dang dugc trién
khai trén WhatsApp. Ly do cua Meta nam & thiét bi: hon 20% cudc goi clia hang dugc thuc hién trén dién thoai
ARMv7, va mbi ngay cé hang chuc triéu cudc goi WhatsApp chay trén dién thoai hon mugi ndm tudi. Meta viét
rang codec na-ron, ké ca EnCodec cla chinh Meta, chi chay 6n dinh trén cac may dét tién. MLow cho chat lugng
gap khoang déi Opus & 6 kbps trong khi dung it hon 10% tai nguyén tinh toan.

Véi mét dich vu cé ngudi dung trai ti laptop cao cap dén dién thoai musi nam tudi, ngan sach doé phuc tap 1a yéu
t6 quyét dinh. Codec na-ron dudc trién khai trudc & ndi lugng thiét bi dang dung con mdi va nha cung cap kiém
soéat ca hai dau.

® Y nghia véi doanh nghiép trong mang truyén théng lién lac

Hoi nghi truyén hinh doanh nghiép, hién dién ti xa, hd trg ti xa, dudng truyén dan tin hiéu (contribution) va mang
riéng 1a nhitng nci ma codec no-ron dau cudi ngay nay da la mét san pham, véi diéu kién ca hai dau déu thudc vé
ban. Hay 1én ké hoach cho ba viéc ngay ti dau: mét codec du phong, kiém thir giai ma trén moi NPU ban hé trg,
va danh gia chat lugng trén ndi dung cua chinh ban thay vi bd dif li&u cla nha cung cép.

CHUONG 05

Al TAO SINH
Al tao sinh: ngi trién khai Ién
nhat ma khong ai goi la codec

® Moi mé hinh giong néi va video déu chay trén mét codec hoc may

Nai trién khai nén na-ron dau cudi I6n nhat khéng nam trong bat ky tiéu chuan codec nao. N6 nam bén trong Al
tao sinh. M&t mé hinh giong néi khéng truc tiép nghe hay tao ra dang séng: né doc va ghi cac token rdi rac cua
mot codec am thanh hoc may. Mimi clia Kyutai, phat hanh ndm 2024, chuyén giong néi thanh token & 12,5 khung
mbi gidy va 1,1 kbps, thdp hon moi codec dién thoai, két hgp théng tin nglt nghia va &m hoc trong mét ludng.
EnCodec cla Meta, cédng bé nam 2022, 1a mét vi du khac; sau nay chinh cac ky su ciia Meta mé ta nhiing codec
nhu vay 1a xuat séc & bitrate thap nhung qua néng cho dién thoai d&i cii (Chuong 4).

Tao video ciing hoat ddng theo cach dé. M6t md hinh khuéch tan hodc transformer tao ndi dung trong khéng gian
tiém an clia mot bo tu ma hoéa video hoc may (VAE), va bd giai ma cla VAE bién két qua thanh pixel. VAE cua LTX-
Video nén video theo ty 1& 1:192: mébi token tiém an dai dién cho mét khéi 32x32 pixel qua 8 khung hinh, véi 128
kénh. Bo giai ma cla né con thuc hién budc khit nhiéu cudi cung, nén phan nao tu tao chi tiét thay vi chi tai tao.

® Visao chung khdng phai dinh dang phan phoi

Céc codec nay chay trong moi yéu cdu gui téi mét mé hinh giong néi hay video, nhung khéng céai nao 1a dinh
dang ma bén khac giai ma. M&i mé hinh cé khéng gian tiém an riéng; khéng cé kiém soat bitrate, kiém tra tuan
thu hay bao dam rdng mét bd giai ma khac sé cho ra cung hinh anh. Ching dugc thiét ké cho chat lugng tao sinh,
khoéng phai cho dd trung thuc & moét bitrate cho trudc, va chidng giai ma trén GPU cua trung tdm di liéu. Thanh
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cdng cua ching cho thay nén b&ng hoc may hoat déng & quy mé I6n khi mét cdng ty s& hitu bé ma hoa, bod giai
ma va phan cung.

® Y nghia vdi doanh nghiép

Hai diém thuc t&. Thi nhat, hiéu qua cla bd token héa I& mdt dong chi phi truc tiép véi bat ky ai cung cap video
hodc giong ndi tao sinh: v8i mét transformer ap dung cd ché chu y trén toan bd token, khéi lugng tinh toan tang
nhanh hon s6 token, nén mot biéu dién tiém an nén manh hon sé giam chi phi tao sinh nhiéu han muc tusng Ung

phantich . Nhitng k¥ su codec hiéu thiét ké khéng gian tiém an, mé hinh entropy va hiéu qua giai ma 1a nguén luc
quy véi cac doi Al tao sinh. Thu hai, ranh gigi dang dich chuyén: cac té chiic tiéu chuan da bat dau lam viéc vé
ma hda cho may thay vi cho con ngugi. Video Coding for Machines (ISO/IEC 23888-2) clia MPEG dat muc duy
thao tiéu chuan quéc té vao dau nam 2026 va du kién hoan tat vao cudi ndm 2026, con JPEG Al ngay tU dau da
dugc thiét ké dé phuc vu cac tac vu thi giac may tinh cling nhu cho con ngusi xem.

CHUONG 06 - e

TRO CHOI VA PO HOA
Tro chdi va dé hoa: tai tao nd-ron da
pho bién, tai nguyén nd-ron méi bat dau

® Két xuat it pixel han va dé mang no-ron lap phan con lai

Trong d6 hoa thsi gian thuc, mang na-ron da tai tao phan 16n nhitng gi ngusi chai nhin thay. DLSS cua NVIDIA két
xuét it pixel hon va it khung hinh hon, réi dung mang no-ron dé tao phan con lai. DLSS 4 v&i Multi Frame
Generation ra mét vao thang 1/2025 véi 75 trd chai va ung dung hd trg; NVIDIA dém dudc han 125 vao thang
5/2025, hon 175 vao thang 8 va hon 250 vao thang 1/2026, khi hang céng b6 DLSS 4.5 véi mé hinh transformer
thé hé thi hai cho siéu phan giai. V& ban chat do 1a mot bd giai ma, chi khac tén goi: “ludng bit” 1a mét khung hinh
dod phan giai thap cong dif liéu chuyén déng, va mang na-ron dung lai toan bé hinh anh.

Khi mét cong ty kiém soat ca hé théng, tai tao biang mang nd-ron lan nhanh
Trai: s6 trod chai va Uing dung hd trg DLSS 4 Multi Frame Generation ctia NVIDIA. Phai: nén texture né-ron trong mét canh
demo va trong mot trd choi da phat hanh; trd choi ndy chi dung né cho mét sé tai nguyén chon loc vi chi phi khi chay.

® DLSS 4 Multi Frame Generation: tro chdi va (tng dung ® Nén texture né-ron

Canh demo ctia NVIDIA, GTC 2026
250+ B6 nhd texture 6,5 GB - 0,97 GB

Giam 85% bd nhé

175+
Assassin's Creed Mirage, da phat hanh
125+ Chi mét s6 tai nguyén; so vdi dinh dang khdi
Nén tot hon z30%
75 ]
Thudc do khac nhau: khéng so sanh tryc tiép dudc
T1/2025 T5/2025 T8/2025 T1/2026

Nguén: NVIDIA (thang 1/2025 dén thang 1/2026; demo tai GTC 2026); Ubisoft La Forge (thang 2/2026). Sé liéu do nha cung cdp cong bé; hai s6 liéu
texture do nhiing thut khac nhau.
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® Texture nd-ron da dugc trién khai, mét cach cé chon loc

Texture dugc nén theo cac dinh dang khéi cé dinh (BCn) ma GPU giai ma bang phan cing. Nén texture nc-ron
thay mot bd texture vat liéu bang mét biéu dién tiém an gon nhe cung mét mang nho tai tao texel khi can. Thang
2/2026, phong thi nghiém La Forge cuia Ubisoft mo ta viéc dua né vao Assassin's Creed Mirage, mét trd choi nam
2023, vGi ty 1& nén hiéu dung cao han khoang 30% so vdi cac dinh dang truyén théng & cling chéat lugng hinh anh

theo nha cung cap . NO khong dugc dung & moi ndi: “viéc st dung bi giGi han bdi hiéu nang khi chay”, nén Ubisoft ap
dung né cho mét nhém tai nguyén cé s6 1an xuat hién cao va gay ap luc bd nhé I6n.

RTX Neural Texture Compression SDK clia NVIDIA, dang & ban beta trén GitHub, cho thdy muc tran. Trong mot
budi trinh dién tai GTC 2026, mét canh biét thu dung 6,5 GB bd nhd texture véi BCn can 970 MB vdi texture no-
ron, it hon 85% theo nha cung cdp . SDK c6 hai cach: giai ma sang BCn khi tai, giup tiét kiém dung lugng dia va kich
thudc tai vé nhung khéng tiét kiém bd nhé video, hodc giai ma khi 1dy mau, gilp tiét kiém bd nhé nhung ton thaoi
gian shader 8 mdi khung hinh.

® APl dang dén

Céc APl d6 hoa dang bd sung nhitng phép toan ma trdn ma giai ma nd-ron can bén trong shader. Microsoft phat
hanh Shader Model 6.9 vao thang 2/2026; tinh nang cooperative vector ma hang cho xem truéc nam 2025 da
dugc gdp vao mot thiét ké dai sé tuyén tinh hdp nhat cho mét shader model sau nay, véi DirectX Linear Algebra ra
ban xem trudc cong khai vao thang 4/2026. Khi tinh nang dé cé mat trong moi driver, mét bd giai ma texture ng-
ron c6 thé chay trén GPU cua béat ky hdng nao ti moét dudng ma duy nhat.

® Y nghia vdi doanh nghiép

Trd choi trién khai giai ma na-ron vi cac diéu kién cla mot vong khép kin dugc théa man: mét engine, mét quy
trinh tai nguyén, phan cling tensor trong GPU va mét dinh dang du phong. Phan viéc con bd ngd ndm & cong cu,
quy trinh tai nguy&n ma hoa vat liéu né-ron, méi trudng chay lién hang va, trén hét, thiét bi di déng, nai chi phi
nang lugng cho méi texel giai ma la yéu té quyét dinh.
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CHUONG 07

LIEN KET CHUYEN DUNG

Lién két chuyén dung: vé tinh, drone va robot

Pay la nhiing trudng hgp ma trén Iy thuyét, ma héa no-ron dau cudi phu hgp nhat. Mét chi s& hitu kiém soat ca
hai dau lién két, bang théng khan hiém va hay mat dir liéu, néi dung du hep dé huan luyén riéng, va mét hinh anh
trung thuc vé cam nhan, thAm chi chi vé nglt nghia, thudng 14 du. Codec na-ron chiu mat géi cho nhiing lién két
nhu vay |4 mét hudng nghién cliu séi ddng, va viéc khdi phuc phia may chli cho nguén cap bitrate thap dang
dugc su dung.

D6 cling 1a mét thi trudng nhd va ngay cang bi quan Iy chat so véi video tiéu dung phan tich . Tai Trung Quéc,
Théng bao s6 49 nam 2026 cla Bd Thuong mai va hai cd quan khac, ban hanh ngay 19/10 va cé hiéu luc ti ngay
18/11/2026, slta déi quy dinh kiém soat xuat khau déi véi 13 nhém mét hang lién quan dén drone. Theo bao chi
chuyén nganh, trong cadc muc céng nghé cé moét muc vé nén tang mat dat khéng ngudi lai dugc xac dinh mét
phan bang cac ngudng nhu nén anh ngit nghia 75% va tai tao anh trong vong 150 mili gidy. Ban than nén ngit
nghia da trd thanh mot théng s kiém soat xuat khau. Tai My, ngay 22/12/2025, Uy ban Truyén thong Lién bang
da dua drone san xuat 8 nudc ngoai va linh kién quan trong clia ching vao Covered List, nén cdc mau mdi cla
nudc ngoai khéng con dudc cap phép thiét bi.

K&t luan: mét thi trudng ngach viing chic cho doanh nghiép chuyén biét cé khach hang céng nghiép hoac chinh
ph va cé nang luc quan ly viéc tuan tha xuat khdu & ca hai phia, nhung khéng phai thi trusng dai chung, va
khéng phai noi dé biét ma héa na-ron cé hoat ddéng & quy mé 18n hay khéng.

Chvone o8 .-ee
CHIP
Géc nhin tu chip: nang lugng,
tinh toan, bd nhé va do chinh xac

Pay la chuong ma kinh nghiém cua chinh tdi ¢é y nghia nhat. Téi c6 nhiéu ndm nghién ctu, phat trién va quan ly
chip fabless, bao gém thiét k& dusng di liéu (datapath) ASIC full-custom va céc du an chip camera da phuong
tién nhu bd tang téc codec video, va nhitng cau hoi mét doi thiét ké chip dat ra cho mét codec mdéi khéng phai vé
BD-rate. B6 la: bao nhiéu joule méi pixel, bao nhiéu byte Iuu lugng DRAM méi pixel, bao nhiéu céng logic, va liéu
moi bo giai ma trén thé gidi cé tinh ra ding cung cac bit hay khong? G ca bdn cau hoi, bd giai ma nd-ron ndm
2026 dang & vi tri cia HEVC phan cung trudc khi cé nhitng con chip dau tién: hita hen trén phan mém, dat do trén
silicon.

® Naing lugng méi pixel: cach nhau mét bac dd 16n

R&t it bo giai ma nd-ron tiing dudc thiét ké thanh chip, nén phép so sanh dua trén mét sé it thiét ké da céng bé.
Méc so sanh phia truyén théng la chip giai ma HEVC cua MIT (Tikekar va cong su, ISSCC 2013 va IEEE JSSC
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2014): 40 nm, 1,77 mm?, gidi ma 4K & 30 khung hinh/gidy véi xung nhip 200 MHz. L&i clia né tiéu thu 78 mw, tiic
0,31 nJ méi pixel; khi tinh ca céng sudt DRAM mé phong, hé théng can 1,19 nJ méi pixel. V&i VVC, s6 liéu cla chip
thuong mai 1a théng tin déc quyén; mot phan tich trén Electronic Design ndm 2026, khi quy déi chip ctia MIT sang
28 nm va tinh dén dé phuc tap cao hon cla VVC, du phéng 1-1,5 nJ mdi pixel cho mét bd giai ma 4K60 khoang
mot triéu céng.

3 phia no-ron, theo cach dém cua Electronic Design, thiét ké ASIC giai ma video no-ron dau cudi duy nhat da
céng b6 1a NVCA (Zhang va cong su, DATE 2024), dugc téng hdp trén tién trinh TSMC 28 nm véi 5,01 triéu céng,
chua tinh trong s6 vén ndm ngoai chip. N6 giai ma 1080p & 25 khung hinh/gidy véi 760 mW, tic 14,6 nd mbi pixel.

Ning ludng mdi pixel giai ma: bd giai ma chiic niang cé dinh dan truéc mot bac do I16n
Thiét ké chip giai ma video nd-ron duy nhat da céng bd can nang lugng méi pixel gap khoang 12 Ian mét chip giai ma
HEVC déa do khi tinh ca DRAM, va khoang 47 1an riéng phan 16i. Luu lugng trong sé va DRAM cua chinh thiét ké nc-ron
chua dugc tinh.

Chip giai ma HEVC, I6i

: @ 031nJ
40 nm, 4K30, do thyc té ;

Chip giai ma HEVC, kém DRAM i @ 1.19nJ
40 nm, 4K30, 16i do thuc té cong DRAM mé phong : v

B giai ma VVC : @D 1,0-1,5nd
28 nm, 4K60, du phéng : : o

~12x so vGi chip kém DRAM

Bo giai ma video nd-ron :

°g e e Y - . @ 146nJ
28 nm, 1080p25, chi tdng hgp; chua tinh trong sé va 9 R

DRAM >

~=47x 16i so vdi I6i

& 1080p30: khoang 74 mW so véi 908 mW. 0,3 1 3 10 30

nanojoule méi pixel, thang logarit

Nguén: Tikekar va céng su, I[EEE JSSC 2014 (MIT); NVCA, Zhang va cdng su, DATE 2024 (arXiv 2312.10716); khoang gia tri ciia VVC la du phéng cla
Electronic Design (2026). Chip HEVC dung tién trinh ci han (40 nm so v8i 28 nm), diéu nay cd Igi cho thiét ké no-ron.

MUc dé gap khoang 12 1an chip HEVC khi tinh ca DRAM, va khoang 47 1an riéng phan 16i cia né. Phép so sanh cé
Igi cho NVCA theo ba céch: chip HEVC dung tién trinh c hon, s6 liéu cia NVCA bé qua luu lugng trong s6 va
DRAM, va NVCA la két qua tdng hdp chif khong phai silicon da do thuc té. G 1080p30, chénh léch Ia khoang 74
mW so véi chitng 900 mW: mét bd giai ma khéng ai dé y, so véi mdt bd giai ma 16 rd trong ngan sach pin va nhiét
cla dién thoai.

® Tinh toan méi pixel: bd giai ma no-ron doi héi gi 8 NPU

Codec video nd-ron da céng bd nhanh nhat ma tai tim thdy 14 DCVC-RT cla Microsoft Research (Jia va céng su,
CVPR 2025). N6 méa héa va giai ma 1080p & 125 va 113 khung hinh/gidy trén GPU NVIDIA A100, déng thai tiét kiém
21% bitrate so v8i bd ma hoa tham chiéu cua VVC trong thiét 1ap thi nghiém cua bai bdo, va né dung sé hoc sé
nguyén dé cac thiét bi khac nhau giai ma nhat quan. Tai liéu bd sung cla no liét ké dd phuc tap cua ting md-dun.
Cong bdn mé-dun ma bd giai ma phai chay (bd giai ma, bo trich xuat dac trung, mé hinh entropy va khéi tai tao),
t6i c6 khoang 175 nghin phép nhan-céng dén cho méi pixel giai ma usc tinh .

3 1080p30, dé 1a khoang 11 nghin ty phép nhan-céng dén méi gidy, tic khoang 22 TOPS véi hai phép toan méi
MAC, chua tinh bat ky tén hao hiéu suat st dung nao; 4K60 can gap tam Ian usctinh . D& so sanh, Microsoft dinh
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nghia PC Al cta hang b&ng mét NPU téi thiéu 40 TOPS, con Apple cong bé Neural Engine cla M4 & muc 38

TOPS. B6 14 cac con sbé dinh, dugc chia sé véi moi viéc khac ma thiét bi lam.

Mét cong cu nd-ron tén hang chuc nghin MAC méi pixel; ca mot bo giai ma né-ron ton hang tram
nghin

S6 phép nhan-cong don cuia bo giai ma cho méi pixel, thang logarit, so véi mic ma mét NPU 40 TOPS dlng hét cong suat
cé thé dap (ing & 4K60 va 1080p30. Cac muc cai thién dudc tinh so véi nhitng méc khac nhau nén khéng so sanh truc tiép

dugc.

NPU 40 TOPS dung hét: 4K60 = 40 1080p30 = 320

. e iR 10 ; ;
B0 loc no-ron trong vong lap, do phtic tap rat thap ;

JVET tham do - tiét kiém ~6% bit o
1,2 TOPS & 1080p30 - 10 & 4K60

~ 5 e SR (f < 22
B loc no-ron trong vong lap, do phtc tap thap
JVET thém db - ~8% o
2,7 TOPS & 1080p30 - 22 & 4K60

Bb giai ma JPEG Al, tif ¢ ban dén cao Ut
12,5-27,9% s0 Véi VVC néi khung C )

A Ar A ia x 175
DCVC-RT, ca moét bd giai ma video nc-ron
21% so véi tham chiéu VVC, thiét 1ap bai bao . o

22 TOPS 6 1080p30 - 174 & 4K60 3 E

1 8 10 30 100 300 1000
Nghin MAC méi pixel giai ma (thang logarit)

Ngudn: JVET qua chu tich SC 29 (thang 4/2026); Uy ban JPEG (2024); DCVC-RT, tai liéu b6 sung CVPR 2025, tac gia cdng cac mo-dun giai ma; dinh
nghia Copilot+ PC cua Microsoft. Tac gia tinh: hai phép toan méi MAC, dung hét céng suét.

N&c thang trong Hinh 7 13 cach hitu ich dé& nhin nhan linh vuc nay. Nhitng cédng cu nd-ron tén hang chuc nghin
MAC méi pixel, nhu cac bd loc trong vong I&p cua JVET (tiét kiém khoang 6% & muc 10 nghin, 8% & muc 22
nghin), 1a kha thi bén trong mot bd giai ma chuan tuong lai. JPEG Al trai trén ca dai nay, tu 7 dén 216 nghin MAC
moi pixel cho muc cai thién 12,5-27,9% so véi VVC ndi khung. Ca mét bd giai ma video no-ron véi chiing hai tram
nghin MAC méi pixel thudc vé NPU, & dd phan giai khiém tén, trong mét vong khép kin. D6 chinh 1a vi tri cua
MLVC: 540p30, dung khéng qua mdt nira NPU.

® Luuludgng bé nhé, chit khong phai MAC, thudng mdi la gidi han thuc su

Nhém tac gia DCVC-RT nhan thay thd gisi han téc dd khéng phai la tinh toan ma 1& “chi phi van hanh™: nhap xuét
bd nhd va sé 1an goi ham. Ho loai bd cac mé-dun chuyén ddng tudng minh va xU ly da ty I& phan 16n vi ly do do.
Nhém thiét k& NVCA xay dung mét ludng dif liéu dac biét dé cat giam Iuu lugng bd nhé ngoai chip ti cac dac
trung chuyén déng va phan du. Ngugi thiét ké chip sé nhan ra khudn mau nay. Trong chip HEVC cua MIT, DRAM
chiém khoang ba phan tu néng Iugng hé théng (0,88 trén 1,19 nJ médi pixel), ngay ca sau khi mét bd nhé dém da
cét gidm 67% bang thdng DRAM  phan tich . Mt bd giai ma no-ron gilt cac ban dé dic trung nhiéu kénh cé kich
thudc 16n gilta cac khung hinh sé khién van dé bd nhé té han, chi khéng tét hon.

® DPo chinh xac: moi bo giai ma phai tinh ra cung cac bit

Ma hoa entropy chi hoat déng néu mé hinh xac suat cla bd giai ma khdp chinh xac véi clia bd ma héa. Trong
codec truyén théng, mé hinh dé 1& mét bang hodc médt tap nhoé quy tdc s6 nguyén. Trong codec no-ron, no 1a mot
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mang no-ron, va mot khac biét dau phay doéng giiia hai thiét bi, do kernel khac, thi tu cdng dén khac hay NPU
khac, c6 thé khién bd giai ma doc sai ky hiéu va mat luéng ti diém doé tré di.

Bat ky ai da trién khai hay chuan héa mét codec no-ron déu phai dung ky thuat dé loai bé van dé nay. DCVC-RT
chuyén mé hinh cua né sang sé nguyén dé ma hoéa nhat quan gilta cac thiét bi. MLVC dung thiét ké hyperprior
dung chung thang do dé chiu dudc sai léch gilta cac nén tang, diéu cé |& 1a mét phan ly do khién né méat kha nang
nén so v8i DCVC-RT phan tich . Nhdm tham do mang nd-ron ctia JVET chay moi mang qua SADL, mét thu vién
nho suy luan bang s6 nguyén 16 bit. JPEG Al dinh nghia cac diém tuan thu trong mién tiém an, mién phan du va
mién pixel. VSi mdt ddi thiét ké chip, day chinh la ky luat clia cac phép bién déi s6 nguyén trong HEVC: tiéu chuan
phai dinh nghia chinh xac phép tinh, diéu nay rang budc thiét k& mang va loai trif cac 16i tat riéng cua tiing nha
cung cép.

® Dién tich khéng phai tré ngai; kiém chitng va vong ddi méi la tré ngai

5 triéu cong clia NVCA so véi khoang moét triéu cua mot bd gidi ma VVC theo du phdng tréng cé vé 18n, nhung
trén mot SoC dién thoai hay TV hién dai vén da mang mét NPU nhiéu TOPS, vai triéu céng khéng phai la diéu
quyét dinh thiét ké. Th thuc su ton tién 1a kiém ching véi mot bo kiém tra tuan thu, gili cho moét bod giai ma lap
trinh dugc ludn dung qua cac ban cap nhat phan mém trong suét vong ddi thiét bi, va céng suat 8 4K60 HDR.
Nhiing chi phi d6 chi cé y nghia khi mét tiéu chuan da cé dinh nhiing gi phai xay dung.

® Kién tric dang thang thé: codec chiic ning c6 dinh cong NPU

Phan chia da vao san pham: phan ciing chtic ning cé dinh cho ludng bit, khéi xi Iy né-ron cho
pixel
M6t SoC da phuaong tién ndm 2026. Khéi codec giai ma moi tiéu chudn véi chua dén mot nanojoule méi pixel; NPU lam
nhiing viéc mang nd-ron gidi va tiéu chudn khéng rang buédc. Luu lugng DRAM mdi la chi phi quan trong.

PHAT VIDEO
-
Luong bit vao B0 giai ma chiic nang co NPU / bo xti ly video nc- Khoi hién thi
AV1-AV2 - VVC - HEVC - AVC dihﬁ . o ron S o Pén tdm nén
Pa tiéu chuan Siéu phan giai - khif nhiéu - noi
suy khung - loc hau xu ly
. J/
v v
DRAM, c6 nén bé dém khung hinh
Trong giai ma video, phan I6n nang Iugng danh cho Iuu lugng bo nhé
GHI HINH
[ ]
Cam bién anh ISP Al B6 ma héa chiic nang co Ludng bitra
Trén NPU hoac khéi ISP nc-ron dinh
AV1- HEVC - VVC
0 Tang cudng tuc thdi: khdng thém moét vong qua e Ché dd s6 nguyén tat dinh cho céng cu ng-ron e Ap dung bd loc hau x ly né-ron do SEI bao hiéu
DRAM chuén

Ngudn: Goc nhin kién tric cla tac gia, dua trén thong tin san pham do Tencent (Canghai V2), Chips&Media, Allegro DVT va Samsung céng b (2026).
Nhitng con chip ban dugc trong ndm 2026 két hdp mét codec da tiéu chuan chiic nang ¢6 dinh v6i mot khéi xu ly
ng-ron dat bén canh. Khéi codec xir ly AV1, AV2, VVC, HEVC va AVC véi chua dén mot nanojoule méi pixel. Khoi

xU ly ne-ron ddm nhan nhiing viéc mang na-ron gioi va tiéu chuan khéng rang budc: khir nhiéu va ISP & phia ghi
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hinh, siéu phan giai, ndi suy khung hinh va tang cudng chat lugng & phia hién thi. Hai khéi ding chung cd ché nén
bd dém khung hinh va lich truy cap DRAM, vi Iuu lugng bd nhd la chi phi quan trong.

Thi trudng cho thay ré su phan chia nay. ASIC codec video Canghai (}878) cla Tencent, tu phat trién ti ndm 2019,
da cé han 100.000 chip thé hé dau dugc trién khai trén Tencent Cloud va cac dich vu phat truc tiép, theo yéu cau
va trd chdi trén dam may cua chinh hang; thé hé thi hai, dugc céng bé vao thang 5/2026 1a da cap ngudn chay
thir va budc vao san xuat hang loat dé dua vao phuc vu trong nifa cudi nam, hé trg H.265 va H.266 trong mét kién
trdc, véi kha nang nén tét hon thé hé trudc 1an lugt hon 10% va 30%, théng lugng gap khoang déi, va tang cudng
hinh anh trén chip nhu siéu phan giai. Chips&Media ban song song IP codec va mét NPU hudng video, WAVE-N.
Allegro DVT ban bd giai ma AV2 va da bd sung IP xU ly video nd-ron dau tién cla hang. Cac bd xu ly TV cla
Samsung két hdp bd giai ma chuan véi hang trdm mang nang doé phan giai.

® Toi sé xay dung gi, theo tiing vai tro

Dai SoC va chip TV. Duy tri b giai ma chic ning c6 dinh cho moi tiéu chuan phai phat, gém AV2 ngay tU bay gis
va VVC & nai phat séng yéu cau. Binh ¢d NPU cho hau xU ly 8 dd phan giai va téc dd khung hinh hién thi, va thiét
ké dusng di ti bd giai ma qua NPU dén man hinh sao cho budc tdng cudng khéng thém mét vong qua DRAM. Hb
trg SEI cho bd loc hau xU ly né-ron. Cung cap cac ché dd sé nguyén tat dinh trong NPU. Coi H.267 |a diém khai
dau thiét ké ti nam 2029 trd di, va gil lai mot phan kha nang 1ap trinh cho cac céng cu nd-ron cua no.

Nha cung cap IP. Ban bd giai ma AV2 va VVC ngay bay gi6, cung nhiing thanh phan ma xi ly né-ron can quanh
chung: bd tang téc loc hau xU ly, nén bd dém khung hinh va céng cu kiém tra tuan tha.

Nén tang video. Tién xU ly né-ron & bé ma héa hoan vén trudc tién, vi né chay mét lan cho mébi ndi dung va
khéng can gi tu thiét bi. Dung siéu phan giai phia may khach & ngi thiét bi cho phép. Danh codec na-ron dau cudi
cho céc vong khép kin ma ban kiém soat.

CHUONG 09

TIEU CHUAN VA BANG SANG CHE
Tiéu chuan va bang sang ché: ndi cong
cu nd-ron tré thanh ddi tugng cap phép

® Lo trinh cac tiéu chuan

Tiéu chuan Thanh phan no-ron Tinh trang, thang 11/2026

H.267 (tén tam; thé JVET (ITU-T va Con ma. Cong cu truyén théng (ECM) va Kéu goi dé xuat thang 7/2026; danh

hé sau VVC) ISO/IEC) coéng cu na-ron (b6 loc trong vong lap, du gia hé sa thang 1/2027; mé hinh thur
doan ndi khung, siéu phan giai) déu 13 ting nghiém dau tién ndia cuéi nam 2027;
vién phién ban 1 cudi ndm 2029

VVC va HEVC, véi JVET Bo loc hau xuf ly nc-ron c6 thé dugc mo ta Bang cé hiéu luc; cac théng diép dugc

VSEI trong siéu dir liéu SEl; viéc ap dung la tuy ma rong trong phién ban thang
chon véi b giai ma 10/2025

AV2 AOMedia Céng cu truyén théng, mién phi ban quyén Phién ban 1.0.0 ngay 28/5/2026; IP giai

mé dugc cap phép tif thang 6/2026;
YouTube du kién phat trén web dau
nam 2027
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Tiéu chuan T6 chic Thanh phan nc-ron Tinh trang, thang 11/2026

JPEG Al JPEG (ISO/IEC Codec anh hoc may dau cuéi, cho thi giac Phan 1 ban hanh ndm 2025; phién ban
va ITU-T) cla ngudi va may thu hai dang dudc thao luan; chua thay
san pham hé trg mac dinh

IEEE 1857.11 IEEE Ma hoéa anh dua trén mang no-ron, thiét ké Ban hanh thang 12/2024

cho NPU
Video Coding for MPEG Ma héa cho may phan tich thay vi dé xem Du thao tiéu chuan quéc té dau nam
Machines 2026; du kién hoan tat cudi nam 2026
PhanmérongMLcua  [ETF Du thira sau, tdng cudng phia giai ma, mg C6 trong libopus 1.5 va 1.6; phan du
Opus réng bang théng, déu Ia tuy chon thiia sau dang dudc chuén héa

C6 hai diéu ndi bat. Thi nhat, thanh phan no-ron di vao tiéu chuan & phan ria trudc khi vao phan 16i: dudi dang bd
loc hau xu ly tuy chon, tdng cudng tly chon va ma héa anh, tat ca déu gilt nguyén dudng giai ma chinh. Thi hai,
tiéu chuan duy nhat cé thé dua céng cu no-ron vao dudng giai ma ctiia moi man hinh, H.267, con cach phién ban
dau tién ba nam.

® Ai dang c6 vi thé vé bang sang ché

Céng cu trong tiéu chuén trd thanh bang sang ché cé thé cap phép, nén qua trinh H.267 ciing Ia mét cudc dua
bang sang ché, va cac cdng cu nd-ron 1a moét phan cua cudc dua do. Blc tranh toan canh ndm 2025 cla GreyB
vé 3.916 bang sang ché thé hé sau VVC dat ByteDance 6 vi tri dan dau, véi 645 ho bang sang ché va 251 déng
g6p cho JVET, déng th&i ghi nhan cac quan hé hgp tac gilta dai hoc va doanh nghiép nhu Xiaomi véi Pai hoc
Xidian, véi hon 20 ho bang sang ché. Thang 3/2026, MLex dua tin Tencent, Alibaba va ByteDance dang ndi én
nhu nhiing thanh vién tich cuc trong cac nhém ba&ng sang ché codec video. Thang 5/2026, Sauvegarder
Investment Management mua 126 tai san bang sang ché codec video tu Alibaba, bao trum AV1, AV2 va Video
Coding for Machines. Thuang vu InterDigital mua Deep Render vao thang 10/2025 da bd sung cac bang sang ché

ma hoa video Al cua Deep Render vao danh muc cua hang.

S6 tién theo ting thiét bi hién ré trong bang phi clia cac nhém bang sang ché. Muc phi ctia Access Advance cho
VVC (tinh dén ngay 1/7/2026, cho bén dudc cap phép tuan thi quy dinh va st dung nhan hiéu cla t6 chiic nay) 1a
0,50 USD méi dién thoai di dong, may tinh bang hoac laptop tai cac thj trudng Khu vuc 1 nhu My, EU va Nhat Ban,
va 0,25 USD tai Khu vuc 2; véi TV 4K, ti 1,00 dén 1,50 USD tuy gia ban tai Khu vuc 1; kém mdc trdn hang nam
cho méi doanh nghiép 1a 75 triéu USD. AV1 va AV2 dudc cac thanh vién AOMedia cung cap mién phi ban quyén.
DU H.267 chua gi, cac céng cu cla no ciing sé dugc dinh gia theo cach dé, va dé Ia ly do cac coéng ty cé bang
sang ché ma hda no-ron dang déng gop cho JVET ngay tU bay gi phantich .
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Ma héa ng-ron ndm 2026 - Quanh codec, chi khéng thay cho codec

CHUONG 10

10

Al KIEM PUGC TIEN
Ai kiém dudc tién, va doanh
nghiép cé thé tham gia & dau

® Dong tién nam 2026

Ai kiém dugc tién tir ma héa né-ron nam 2026

Tién di theo c4c tiéu chuan va nén tang. T6i khéng tim thay coéng ty doc 1ap nao séng dudc nhd cap phép mét codec video

no-ron dau cudi.

DANG CO DOANH THU
Nén tang
Giil lai phan tiét kiém

B6 giam dd phan giai ng-ron cua Netflix; siéu
phan giai cua YouTube va Meta; Microsoft mé
ma ngudn MLVC theo gidy phép MIT

DANG CO DOANH THU
Hang GPU
Khéa chan bang nén tang

DLSS 4 trong hon 250 tro6 chgi va Ung dung;
SDK texture nc-ron & ban beta

PANG CO DOANH THU
Hang thiét bi va chip
Ban su khac biét

ISP camera; chip ndng do phan giai cho TV,
chip codec Canghai tu phat trién clia Tencent

THEO THIET BI
Chu s6 hitu va nhém béng sang ché
Thu phi theo thiét bi

VVC: 0,50 USD méi dién thoai, 1,00-1,50 USD
méi TV 4K; céng cu H.267 sau ndm 2029

PANG CO DOANH THU
Nha cung cap IP
Cap phép madi tiéu chuan mgi

Chips&Media, Allegro DVT va VeriSilicon cé
khach hang IP giai ma AV2 trong vong ba tuan
sau khi co6 dac ta

THOAI VON QUA MUA LAI

Startup codec nd-ron
Pudgc mua lai

WaveOne - Apple (2023); iSIZE - Sony
(2023); Deep Render - InterDigital (2025)

Nguén: Théng tin cong bé clia cac cong ty va nhém bing sang ché dudc trich dan trong bao cdo; tinh trang tinh dén ngay 12/11/2026. Phi clia nhém:

Access Advance, VVC, Khu vuyc 1, bén tuan thu va dung nhan hiéu, theo biéu phi ngay 1/7/2026.

Nén tang giil lai phan tiét kiém. Netflix, YouTube, Meta, Microsoft va Tencent tu xay dung xu ly né-ron va gilf lai
Igi ich dudi dang bang théng thap hon, dung lugng luu tri it hon va chéat lugng trén méi bit t6t hon. Khi viéc dé
giup thuc day ap dung, ho cho khéng ma ngudn: Microsoft phat hanh MLVC theo gidy phép MIT.

Hang thiét bi va chip ban su khac biét. ISP camera va bd xU ly hinh &nh cta TV 1a ngi mang na-ron cham t8i moi
ngudi dung, va chung dugc ban nhu cac tinh nang: Cognitive ISP clia Qualcomm, cac bd xu ly nang dd phan giai
clia Samsung.

Nha cung cap IP ban bd giai ma cho méi tiéu chuan méi, kém NPU. Trong vong ba tuan sau khi cé dac ta AV2,
Chips&Media, Allegro DVT va VeriSilicon déu da céng bd khach hang cho bd giai ma AV2. Chinh nhitng nha cung
cap nay nay ban cac khdi xt ly ng-ron bén canh codec.

Hang GPU xay dung nén tang. DLSS va nén texture nd-ron bién phan ciing tensor cta NVIDIA thanh mét phan
trong cach lam ra tro chai.

Chu sé hitu bang sang ché thu phi theo thiét bi, théng qua cadc nhém bang sang ché cho VVC va HEVC va, sau
nam 2029, cho H.267.
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Cac startup codec nd-ron da dugc mua lai. WaveOne vé tay Apple nam 2023, iSIZE vé Sony Interactive
Entertainment ndm 2023, va Deep Render vé InterDigital ndm 2025, déu khéng céng bé diéu khoan. Trong méi
trudng hdp, mot nén tang hodc mét bén cap phép da mua lai déi ngl va bang sang ché. Téi khéng tim thay cong
ty doc 1ap nao trong nam 2026 séng dugc nhé cap phép mét codec video ng-ron dau cubi.

® Doanh nghiép c6 thé tham gia & dau

Hudng di Vi sao la luc nay Rui ro chinh
Tién xtf ly no-ron & bd ma hoa Nén tang phat truc tuyén va video Khéng can thay déi thiét bi; Cac nén tang 16n tu
(giam dd phan giai, khir nhiéu, ngusi dung, dai truyén hinh da dudc ching minh & Netflix xay dung

tinh chinh theo tiing ndi dung)

IP va tinh chinh ting cudng phia  Hang chip cho TV, dau thu va dién NPU d& cé sén trong thiét bj; Bi hang hoéa hoa; hang

hién thi (siéu phan giai, ndi suy thoai khac biét dé thay chip tu lam

khung hinh, chat lugng hinh

anh)

Codec no-ron vong khép kin Hang giai phap lién lac doanh MLVC chiing minh tinh kha Phai kiém soat ca hai

(hdi nghi truyén hinh, van hanh nghiép, cong nghiép va hién dién tir  thi, va ma nguén da mg dau; NPU phan manh

tlf xa, lién két riéng) xa

Chip hoac IP codec céng NPU Hang SoC Chu ky AV2 dang bat dau Céc hang dudng nhiém

(AV2, VVC va hau xt ly) manh

Céng cu danh gia, kiém tratuan  Bat ky ai trién khai cong cu no-ron Chinh xac dén tling bit 1a yéu Thi trudng nho néu

thi va suy luan tat dinh cau bat budc khéng ban kém

Poéng gop tiéu chuan cho H.267 Bén cap phép, nén tang I6n Hé so phan héi dudc danh gia  Lau dai, ton kém, bat
vao thang 1/2027 dinh

Véi phan 18n doanh nghiép, hai hang dau tién 1a nci cé doanh thu trong ndm 2027. Hang thi ba tha vi nhat véi mét
coéng ty san pham tap trung. Hang cudi cung doi hoi kién nhan va mét chién luge cap phép.
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CHUONG 11

TUYEN BO VA BANG CHUNG

Nhirng tuyén bd ban sé nghe, va bang chiing néi gi

Tuyén bd Bang chiing cho thay gi

“Codec no-ron dd vugt VVC."” Trong phong thi nghiém thi dung. DCVC-RT tiét kiém 21% so vdi bd ma hoa tham chiéu
cla VVC & 1080p trong thiét 1ap cua bai bao; JPEG Al tiét kiém 12,5-27,9% so véi VVC
ndi khung. Bé giai ma tén khoang 175 nghin MAC méi pixel, téic ning lugng cta mot
NPU, so v&i mot phan nho ciia mot nanojoule trén phan cing chiic nang cé dinh.

“Codec Al sé thay thé H.26x va AV1trong  Khong phai trong phat video. Tiéu chuén dau tién cé thé mang céng cu ng-ron dit muc
vdi ndm tagi.” tiéu cudi ndm 2029, chip theo sau vao khoang ndm 2031 va phé cap vao giiia thap nién
2030 usctinh . Codec dang dén luc nay, AV2, la codec truyén thong.

“MLVC giam 88% bdng théng.” So véi H.264 & 360p, trén bd thir nghiém cua chinh Microsoft. So véi HEVC phan cung,
muc dé 13 75,5% & 360p va 65,4% & 540p, trong cac cudc goi ma Microsoft kiém soat
ca hai dau.

“Texture nd-ron giam 85-96 % b nhd Trong cac canh trinh dién. Trd chgi da phat hanh dat muc nén hiéu dung t6t hon

video.” khoang 30% va chi dung texture ng-ron cho mét s6 tai nguyén chon loc vi chi phi khi
chay.

“JPEG Al la tiéu chudn ISO, nén camera Téi khoéng tim thay san phdm nao hé trg méc dinh. Binh dang web chon trong nam

va trinh duyét sé dp dung.” 2026, JPEG XL trong Chrome 155, 14 dinh dang truyén théng.

“Gidi md no-ron qud dat cho dién thoai.” Bung médt phan. MLVC giai ma 540p30 trong pham vi mét nira NPU; 4K60 véi mét mo
hinh c8 DCVC-RT sé& can khoang 175 TOPS nang Iuc tinh toan lién tuc  usctinh .

“Lién két vé tinh va drone Id thi trudng I6n  Phu hdp nhat vé ky thuat, nhung nho va ngay cang bi kiém soat xuat khdu & ca hai bs
cho video no-ron.” Thai Binh Duong.

“Cdc nén tdng Idn sé mua gidy phép Ho tu xay dung (Netflix, Microsoft, Tencent) hodc mua luén startup (Apple, Sony,
codec no-ron tif mét startup.” InterDigital).

Mdt phép thir don gian gitp nhin thdu phan 16n céac I6i chao hang: hay hoi méc so sanh, thudc do, dd phan giai va
chi phi giai ma. Tuyén b6 nao khéng néu dugc du bén diéu thi 1& mot két qua nghién cuu, khéng phai san pham.
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CHUONG 12

CAc m6c CAN THEO DOI

Nhitng gi can theo dodi, 2027 dén 2030

Thoi diém

Vi sao quan trong

Thang 1/2027

Pau nam 2027

Ntra cudi nam 2027

2027

2027-2028

2027-2028

Lién tuc

Cudi ndm 2029

JVET déanh gia cac hd sd H.267 tai Brisbane

Nhiing luéng AV2 trén web dau tién cla
YouTube; bd giai ma AV2 trong cac SoC da cong
b6

Mb hinh thi nghiém dau tién cla H.267

MLVC ra ngoai cudc goi ngang hang trén Teams;
cac nha cung cap khac ap dung ma nguén mg
nay

San pham dau tién ghi hoac doc JPEG Al theo
mac dinh

DirectX Linear Algebra trong cac driver chinh
thuc; texture ng-ron trén nhiéu trd chai hon va

trén thiét bi di déng

Ngan sach NPU trong dién thoai va PC

H.267 phién ban 1

Bao nhiéu hé sd hang dau dua vao céng cu né-ron, va véi
chi phi méi pixel bao nhiéu

Chu ky truyén théng tiép theo dinh ra ngan sach thiét bi
cho dén khoang n&m 2030

Coéng cu ncé-ron ndm trong thiét ké 16i hay chi & muc tham
do

Phép thi dau tién clia mét codec ng-ron mé bén ngoai
chu s& hitu ctia né

Pinh dang no-ron dau tién dugc dung xuyén ranh gidi
gilta cac cong ty

Giai ma no-ron lién hang bén trong dé hoa

& muc khoang 100 TOPS lién tuc, mét bo giai ma
1080p30 c& DCVC-RT sé chiém khoang mot phan nam
NPU thay vi mot nta  phantich

Khai dau chu ky chip cho céng cu nd-ron trong phat
video dai chung
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CHUONG 13

/‘ CAU HOI MG
: % Cau héi mé

Mét s6 cau hoi trong bao cdo nay chua co cau tra 16i cdng khai, va dé la nhiing cau téi thay thu vi nhat vé mat ky
thuat.

Pa chinh xac & quy mé Ién. Mot bd giai ma na-ron cé thé tién gan dén muc nao téi sé hoc chi dung sb
nguyén, chinh xac dén tiing bit, trén NPU cua cac hang khac nhau trudc khi danh mat phan I6n Igi thé nén?
MUc danh ddi sau diém clia MLVC 1a mét diém dif liéu; mét tiéu chuan can cau tra I8i téng quat.

Bd nhé truéc MAC. Hau xU ly no-ron tén bao nhiéu Iuu lugng DRAM méi pixel khi chay tuc thai gitta bd giai
ma phan cling va man hinh, va tap di liéu lam viéc cta né co thé thu nhé dén muc nao?

Gia ctia mot cong cu no-ron trong H.267. G bao nhiéu MAC va nanojoule méi pixel thi mét bd loc né-ron
trong vong lap khéng con bu ddp dudc bang lugng bit né tiét kiém trong mot bod giai ma 4K60?

Vong khép kin ngoai cudc goi. Nhiing hé théng khép kin nao khac, tif Iuu trit anh dam may va phat truc
tuyén trd chai dén robot va lién két truyén dan riéng, cé thé ap dung codec na-ron dau cubdi trudc khi H.267
xuét hién?

Bd giai ma biét tao sinh. Khi bd giai ma tu tao chi tiét thay vi tai tao, nhu VAE video da lam, nén do ludng va
d&c ta do trung thuc nhu thé nao?

Pay 14 nhiing linh vuc ching ta cé thé cung kham pha trong nhiing ndm tdi, qua trao déi k¥ thuat va hdp tac ky
thuat: i@tanshuai.com.

® Gigi han cua bao cao nay

Pay la nghién cuu tai liéu dua trén cac van ban céng khai dén ngay 12/11/2026. T6i khéng thuc hién phéng van
truc tiép hay phép do ddc 1ap ndo cho an ban nay. Mot sé con s6 quan trong la tuyén b6 clia nha cung cap hoac
cla tac gia trén bod thi nghiém riéng cla ho, nhu muc tiét kiém bitrate cia MLVC va ty 1& nén texture no-ron;
chung dugc gén nhan tudng Uing. Cac udc tinh tinh toan cua téi cho DCVC-RT céng céac s6 liéu theo tiing mé-dun
ma nhém tac gia céng bd va bd qua tén hao hiéu suat st dung, nén tai NPU thuc té sé cao han. Phép so sanh
nang luong dua trén mot vai thiét ké da cong bé & cac tién trinh khac nhau; s6 liéu cla bd giai ma VVC va AV2
thugng mai 1a théng tin déc quyén. Lo trinh tiéu chuén 1 muc tiéu do chinh céc Uy ban dat ra. Cac méc H.267 sau
nam 2029 la udc tinh cua t6i dua trén lich st cua AV1va VVC.
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Ma héa ng-ron ndm 2026 - Quanh codec, chi khéng thay cho codec

VE' TAC GIA -

Vé tac gia

Tan Shuai la chuyén gia cong nghé va nha sang lap, véi han hai mugi nam lam viéc trong cac linh vuc chip,
phan cling va phan mém hé théng, va 20 bang sang ché da dugc cap. Ong c6 nhiéu ndm nghién cuu, phat
trién va quan ly chip fabless, bao géom thiét ké dudng dif liéu (datapath) ASIC full-custom va cac du an chip
camera da phudng tién nhu b tang téc codec video, va dé cling la Iang kinh cla bdo cdo nay: nang lugng
maoi pixel, Iuu lugng bd nhd, va nhirng gi mét tiéu chuan cho phép bé giai ma cé dinh trén silicon. Céng viéc
da dua 6ng qua Thung liing Silicon, New York, Chicago, Bai Loan, Vung Vinh Ldn (Tham Quyén va Héng
Kéng), Viét Nam va Malaysia. Hién 6ng lam viéc véi vai trd nha nghién cliu va phat trién Al.

Trao déi ky thuat: i@tanshuai.com - tanshuai.com

® Ghi chi va tuyén bd mién tru

B4o cao nay la nghién cuu tai liéu doc 1ap dua trén cac van ban cong khai c6 dén ngay 12/11/2026. Bao céo chi nhdm muc
dich cung cép théng tin va khéng phai la tu van dau tu, phap Iy hay ky thuat. San pham, 18 trinh tiéu chuan, muc phi cla cac
nhém bang sang ché va quy dinh xuat khdu déu co thé thay ddi; hay déi chiéu moi théng tin ban dua vao véi nguén géc.
Cé4c s6 liéu gdn nhan theonhacungcap , udctinh hodc phantich can dudc doc dung nhu vay. Tén coéng ty va san phdm thudc
vé chul s& hifu clia chiing va chi dudc ding dé nhan dién; khéng cong ty nao thdm dinh hay tai trg cho bdo céo nay.

© 2026 Tan Shuai. Ban c6 thé chia sé& bao c&o nay nguyén ven, kém ghi nguén.
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Ma hda ng-ron nam 2026 - Quanh codec, chi khéng thay cho codec BAI NGHIEN CUU - 11/2026

~ 2 a @oe
NGUON THAM KHAO mse

Nguon tham khao

T4t ca dudc truy cap trong khoang tir ngay 3/11 dén ngay 12/11/2026. Sap xép theo chuong.

Luu lugng, thiét bi va pham vi

» Ericsson, Mobility Report, thang 6/2026 (video chiém khoang 75% Iuu lugng dif liéu di ddng vao cudi ndm 2025): https://www.ericsson.com/en/rep
orts-and-papers/mobility-report/reports/june-2026 ; ban tém tat: https://telecomlead.com/5g/ericsson-mobility-report-2026-global-mobile-data-tr
affic-to-reach-515-eb-by-2031-as-india-leads-smartphone-data-consumption-126290

* IDC, lugng xuat xudng dién thoai thédng minh toan cau, quy 4 va ca ndam 2025 (1,26 ty), ngay 13/1/2026: https://www.idc.com/resource-center/press
-releases/q425mobilephonetop5/

» TrendForce, dy bao Iugng xuat xudng TV ndm 2025 (195,71 triéu): https://iconnect007.com/article/146406/early-shipments-by-tv-brands-push-glo
bal-1h25-volume-up-2-but-raise-concerns-for-secondhalf-peak-season/146403/ein ; Omdia, du bao TV nam 2025 (208,7 triéu): https://iconnect0
07.com/article/145954/omdia-forecasts-flat-tv-shipments-in-2025-but-mini-led-poised-for-explosive-growth-at-829/145951/ein

Phat video va phat truc tuyén
¢ Netflix Technology Blog, "AV1— Now Powering 30% of Netflix Streaming”, thang 12/2025: https://netflixtechblog.com/av1-now-powering-30-of-net
flix-streaming-02f592242d80

¢ Netflix Technology Blog, “For your eyes only: improving Netflix video quality with neural networks”, thang 11/2022: https://netflixtechblog.com/for-y
our-eyes-only-improving-netflix-video-quality-with-neural-networks-5b8d032da09c

¢ AOMedia, AV2 Bitstream and Decoding Process Specification v1.0.0, ngay 28/5/2026: https://av2.aomedia.org/v1.0.0/index.html ; “AV2: What the
Final Specification Means for Implementers": https://aomedia.org/blog % 20posts/AV2-What-the-Final-Specification-Means-for-Implementers/

e TV Technology, "YouTube to Commence AV2 Streaming in 2027" (ty 1€ AV1trong kho ndi dung clia YouTube): https://www.tvtechnology.com/platfor
m/streaming/youtube-to-commence-av2-streaming-in-2027

e Google Research, "The in-loop filtering pipeline in AV2", 2026: https://research.google/pubs/the-in-loop-filtering-pipeline-in-av2/

* Fraunhofer IIS, “The Future of Broadcast in Brazil” (DTV+ di vao van hanh thuong mai, thang 6/2026): https://mpegh.com/brazil/ ; CartaCapital vé
dau thu tich hgp trong TV: https://www.cartacapital.com.br/?p=628337 ; Olhar Digital vé VVC trong TV 3.0: https://olhardigital.com.br/2026/05/01/p
ro/em-breve-a-tv-aberta-vai-mudar-no-brasil/

¢ 9to5Google, "YouTube adds Al-upscaled 'Super Resolution' for low-quality videos"”, ngay 29/10/2025: https://9to5google.com/2025/10/29/youtube
-adds-ai-upscaled-super-resolution-for-low-quality-videos/

¢ Meta, "How Meta Deployed Super Resolution at Scale to Transform Video Quality”, @Scale, ngay 16/10/2025: https://atscaleconference.com/how-
meta-deployed-super-resolution-at-scale-to-transform-video-quality/

e Samsung, 8K TV highlights (NQ8 Al Gen3, 768 mang nd-ron): https://www.samsung.com/us/tvs/8k-tv/highlights/

Nhiép anh va hinh anh
¢ Qualcomm, “Meet the Snapdragon 8 Gen 2 Super Cameras” (Cognitive ISP): https://www.qualcomm.com/news/onq/2023/07/meet-the-snapdragon
-8-gen-2-super-cameras

¢ Chips&Media va Visionary.ai, ISP hoan toan dua trén Al, ngay 5/1/2026: https://www.edge-ai-vision.com/2026/01/chipsmedia-and-visionary-ai-unv
eil-the-worlds-first-ai-based-full-image-signal-processor-redefining-the-future-of-image-quality/ ; phong van trén PetaPixel: https://petapixel.co
m/2026/01/18/a-look-at-the-worlds-first-full-ai-based-image-signal-processor

« Uy ban JPEG, thong céo bao chi cudc hop Ian thi 103 (muc cai thién, dd phuc tap va cac ban trién khai trén dién thoai théng minh ctia JPEG Al): htt
ps://jpeg.org/items/20240507_press.html

e G.J. Sullivan, gidi thiéu vé ISO/IEC JTC 1/SC 29, thang 4/2026 (tinh trang JPEG Al; s6 li&u ECM va NNVC): https://www.mpeg.org/introduction-to-is
o-iec-jtc-1-sc-29-coding-of-audio-picture-multimedia-and-hypermedia-information-the-world-of-jpeg-and-mpeg/

e Nhom cong tac IEEE 185711 (méa hda anh dua trén mang nd-ron): https://sagroups.ieee.org/fvc

¢ Chrome 155 va JPEG XL, ngay 6/10/2026: https://xenospectrum.com/en/chrome-155-jpeg-xI-rust/

Cudc goi va hop truc tuyén
* Microsoft, “Satin: Microsoft's latest Al-powered audio codec for real-time communications”, ngay 17/2/2021: https://techcommunity.microsoft.com/t
5/microsoft-teams-blog/satin-microsoft-s-latest-ai-powered-audio-codec-for-real-time/ba-p/2141382

¢ Microsoft, "Announcing the Open-Source Release of ML Video Codec (MLVC)", ngay 24/7/2026: https://techcommunity.microsoft.com/blog/linuxan
dopensourceblog/announcing-the-open-source-release-of-ml-video-codec-mlvc/4539875 ; ma nguén: https://github.com/microsoft/mlvc

¢ Streaming Learning Center, "Microsoft MLVC: Interoperability, Power Realities, and the Neural Compression Patent Landscape™: https://streamingle
arningcenter.com/articles/microsoft_mlvc.html ; phan tich cua iReplay: https://ireplay.tv/blog/mlvc-microsoft-neural-video-codec-open-source-stre
aming/
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e Ghi chu phat hanh Opus 1.5: https://opus-codec.org/demo/opus-1.5 ; Opus 1.6: https://opus-codec.org/demo/opus-1.6
¢ Meta Engineering, "MLow: Meta's low bitrate audio codec”, ngay 13/6/2024: https://engineering.fb.com/2024/06/13/web/mlow-metas-low-bitrate-
audio-codec/

» Microsoft, Copilot+ PC (NPU tif 40 TOPS trd Ién): https://www.microsoft.com/en-us/windows/copilot-plus-pcs ; Apple, théng béo ra mat M4
(Neural Engine 38 TOPS): https://www.apple.com/newsroom/2024/05/apple-introduces-m4-chip/

Al tao sinh

¢ Kyutai, thé mé hinh Mimi (12,5 Hz, 1,1 kbps): https://huggingface.co/kyutai/mimi
¢ Lightricks, “LTX-Video: Realtime Video Latent Diffusion” (VAE video 1:192): https://arxiv.org/abs/2501.00103

* Théng cdo bao chi cudc hop MPEG Ian thi 153 (Video Coding for Machines & giai doan DIS): https://www.mpeg.org/wp-content/uploads/2026/03/
press_release_153.pdf

Tro chgi va dé hoa

* NVIDIA, mic dé ap dung DLSS 4: khi ra mat va tai Computex 2025 (75 va hon 125): https://www.nvidia.com/en-us/geforce/news/125-dlss-4-multi-f
rame-gen-games-more-announced-computex-2025/ ; Gamescom 2025 (han 175): https://www.nvidia.com/en-us/geforce/news/gamescom-2025-
dIss-4-full-ray-tracing-game-announcements/ ; CES 2026 (hon 250, DLSS 4.5): https://www.nvidia.com/en-us/geforce/news/dlIss-4-rtx-path-traci
ng-game-announcements-ces-2026/

e Ubisoft La Forge, “Shipping Neural Texture Compression in Assassin's Creed Mirage”, thang 2/2026: https://www.ubisoft.com/en-us/studio/laforge/
news/415sImB3ZGzv8d2Lh09QT/shipping-neural-texture-compression-in-assassins-creed-mirage

*  TweakTown vé ban demo texture ng-ron ctia NVIDIA tai GTC 2026 (tif 6,5 GB xuéng 970 MB): https://www.tweaktown.com/news/110886/nvidias-ne
ural-texture-compression-cuts-vram-usage-from-6-5gb-down-to-970mb/index.htmi

* Blog Microsoft DirectX, Shader Model 6.9 ban chinh thic, ngay 26/2/2026: https://devblogs.microsoft.com/directx/shader-model-6-9-retail-and-m

ore/ ; vé cooperative vector: https://devblogs.microsoft.com/directx/shader-model-6-9-and-the-future-of-cooperative-vector/ ; ké hoach tai GDC
2026: https://windowsreport.com/microsoft-showcases-neural-rendering-and-dxr-2-0-plans-for-directx-at-gdc-2026/

Lién két chuyén dung

* Global Trade Alert vé Thong bao s 49 nam 2026 cla Trung Quéc: https://globaltradealert.org/intervention/161396-china-government-revises-exp
ort-controls-on-drone-related-items ; DroneXL: https://dronexl.co/2026/10/19/china-drone-export-controls-motors-props-november-18/ ; Army
Recognition (nguéng cho nén tang mat dat khéng ngusi l4i): https://www.armyrecognition.com/news/army-news/2026/china-tightens-drone-expor
t-controls-raising-supply-chain-risks-for-the-us-europe-and-ukraine

» Dronelife, FCC dua drone va linh kién san xuat & nudc ngoai vao Covered List, ngay 22/12/2025: https://dronelife.com/2025/12/22/fcc-adds-foreig
n-made-drones-and-components-to-covered-list-citing-national-security-risks/

Chip

e M. Tikekar va cong su, "A 249-Mpixel/s HEVC Video-Decoder Chip for 4K Ultra-HD Applications”, IEEE JSSC 2014: https://dspace.mit.edu/handle/1
7211/93876 ; trang chip cua MIT (78 mW & 4K30): https://eecsg.mit.edu/chips/hevc-video-decoder-for-4k-ultra-hd-applications/

e S. Zhang va cdng su, NVCA, DATE 2024: https://arxiv.org/abs/2312.10716

¢ Electronic Design, "Why Traditional VVC Will Outlive the Neural-Codec Hype on Silicon", 2026: https://www.electronicdesign.com/home/article/554
14955/why-traditional-vvc-will-outlive-the-neural-codec-hype-on-silicon

e Z.Jiavacong sy, “Towards Practical Real-Time Neural Video Compression” (DCVC-RT), CVPR 2025: https://openaccess.thecvf.com/content/CVPR
2025/html/Jia_Towards_Practical_Real-Time_Neural_Video_Compression_CVPR_2025_paper.html ; tai liéu bé sung (d6 phuc tap tiing mé-dun): http
s://openaccess.thecvf.com/content/CVPR2025/supplemental/Jia_Towards_Practical_Real-Time_CVPR_2025_supplemental.pdf

* NNVC va thu vién suy luan sé nguyén SADL: https://arxiv.org/abs/2309.05846

» Tencent Canghai V2, ngay 27/5/2026 (Shanghai Securities News qua 10jgka): https://stock.10jgka.com.cn/20260527/c677016020.shtml ; tém tat
tinh nang: https://www.besthub.dev/articles/tencent-s-canghai-v2-chip-enters-mass-production-what-the-new-capabilities-mean-for-video-enco
ding-bcfc18dbfa29

¢ Chips&Media, IP giai ma AV2, ngay 12/5/2026: https://www.design-reuse.com/news/202530501-chips-media-completes-development-of-next-ge
n-av2-hw-decoder-ip/ ; gidy phép AV2, ngay 17/6/2026: https://www.edge-ai-vision.com/?p=58270

¢ Allegro DVT, IP giai ma AV2, ngay 16/6/2026: https://www.edge-ai-vision.com/2026/06/allegro-dvts-pulsar-decoder-ip-adds-support-for-av2-vide
o-codec/

e VeriSilicon, VC9800D hé trg AV2, ngay 10/6/2026: https://www.businesswirechina.com/en/news/63176.html

Tiéu chuan va bing sang ché
e Théng cdo bao chi cudc hop MPEG Ian thif 155 (I5i kéu goi dé xuat chung cho thé hé sau VVC), ngay 5/8/2026: https://www.mpeg.org/wp-content/
uploads/2026/08/ag3w254SN26474Press-Release-MPEG155.pdf

» Théng cao bao chi cudc hop MPEG Ian thir 152 (két qua kéu goi béng chiing; cac phién ban VVC va VSEI), ngay 30/10/2025: https://www.mpeg.or
g/wp-content/uploads/2025/11/Press-Release-MPEG152.pdf ; chuyén muc MPEG ctia ACM SIGMM: https://records.sigmm.org/2025/12/09/mpeg-c
olumn-152nd-mpeg-meeting/
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Streaming Media, "Al Helps InterDigital Reach Beyond VVC in Race to Develop Next-Gen Codec"”: https://www.streamingmedia.com/Articles/News/
Online-Video-News/Al-Helps-InterDigital-Reach-Beyond-VVC-in-Race-to-Develop-Next-Gen-Codec-171971.aspx

GreyB, buic tranh bang sang ché thé hé sau VVC (H.267): https://greyb.com/blog/exclusive-video-codec-landscape/ ; vé cap phép AV2 va thuong
vu ban danh muc bang sang ché cua Alibaba: https://greyb.com/blog/av2-licensing/

MLex, “Fragmented codec licensing exposes need for clearer rules for Chinese tech majors”, ngay 27/3/2026: https://www.mlex.com/mlex/articles/
2458402/fragmented-codec-licensing-exposes-need-for-clearer-rules-for-chinese-tech-majors

Access Advance, muc phi ban quyén MCBA va VVC Advance tinh dén ngay 1/7/2026: https://accessadvance.com/wp-content/uploads/2025/07/M
CBA-Program-Overview-September-2026.pdf

Tién va cac cong ty

InterDigital mua lai Deep Render, ngay 30/10/2025: https://www.advanced-television.com/2025/10/30/interdigital-acquires-deep-render

TechCrunch, "Apple acquired a startup using Al to compress videos”, ngay 27/3/2023: https://techcrunch.com/2023/03/27/apple-acquired-a-start
up-using-ai-to-compress-videos

Neowin, “"Sony acquires Al video startup iSIZE", thang 11/2023: https://www.neowin.net/news/sony-acquires-ai-video-startup-isize-to-enhance-pla
ystation-streaming/
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Ma hda nc-ron nam 2026

Trién khai quanh codec, chit khéng thay cho codec

Moi con s6 quan trong trong bao céo nay déu kém nguén va thdi diém. Con s6 do tac gia tu
suy ra dugc gan nhan “udc tinh"; con sé chi do bén ban céng bé dugc gan nhan “theo nha

cung cap”.
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