167

HE THONG TRO LY Y TE AO DUA TREN MO HINH
NGON NGU LON TOI UU HOA TAI BIEN SU DUNG
TREN THIET BI HAN CHE TAI NGUYEN

D Pinh Hung", D6 Qubc Trinh!
"Tac gia lién hé, hungdd @hou.edu.vn. OCRID: 0009-0000-6265-7452

Ngay toa soan nhan dugc bai bao: 15/01/2026
Ngay phan bién danh gia: 18/03/2026
Ngay bai bao dugc duyét dang: 14/04/2026

DOI: 10.59266/houjs.2026.1167

Tom tit: Sy phat trién vuot béc cia cdc mé hinh ngon ngit lon (LLMs) da mang lai
tiem nang to lon trong chén dodn va tw van y té. T uy nhién, viéc phu thuéc vao ha tcfng dién
toan dam may tiem an nhiéu riii ro vé bao mat dir liéu y té nhay cam va han ché tinh kha dung
tai cdc khu vuee thiéu két noi Internet. Bai bdo nay dé xudt thiét ké va trién khai mot hé tho”'ng
tro' Iy y té do cuc bg, hoat dong hoan toan ngogi tuyén trén vi may tinh NVIDIA Jetson Nano.
Cot 16i cua hé lhérng la mé hinh Llama 3.2 1B Instruct, dwoc tinh chinh tham sé hiéu qud
bcing ky thudt LoRA va thuw vién Unsloth trén bo dir liéu y khoa liéng Viét. Pé vurot qua rao
can tai nguyén phan cing (RAM 4GB), mé hinh dwoc hrong tir héa xuong dinh dang GGUF
4-bit va thyee thi théng qua engine llama.cpp. Hé thong tich hop module nhé ngiv canh cuc
bé dwa trén SQLite va giao dién nhdn dang/tong hop giong néi. Cdc thir nghiém thirc nghiém
cho lhcfy hé théng dat toc dé suy lugn trung binh 6.8 tokens/giay, tiéu thu 2.8 GB VRAM, va
dat do chinh xac lam sang kha quan (>4.0/5.0 theo danh gia chuyén gia) trén 200 kich ban
bénh Iy phé bién. Nghién ciru khang dinh tinh kha thi cia viéc dan chii héa Al y té trén cdc
thiét bi bién chi phi thdp, dam bao quyén riéng tw va khd ndang phdn g thoi gian thuec.

Tir khéa: tro Iy y té do, A tai bién, mé hinh ngon ngi nho, lwong tir héa, bao mdt di liéu, thiét
bi han ché tai nguyén

I. Pit van dé ngudi dan gap khong it rao can. Hé qua tat
Trong bdi canh hé théng y ¢ tai yéu 1a sy gia ting xu hudng tu ché’n doéan
nhiéu qudc gia dang d6i mat véi tinh trang bénh thong qua cac cong cu tim kiém truc
qua tai nghiém trong, ddc biét la tai cac tuyén, dan dén nguy co tiép nhn thong tin
bénh vién tuyén trung wong, viéc tiép can sai I¢ch, gdy hoang mang va tham chi nguy
cac dich vu tu van strc khoe ban dau cua hiém dén tinh mang. Méc du sy ra doi cua

' Khoa Pién - Dién T, Truong Pai hoc Mé Ha No6i, Ha Noi, Viét Nam



168

cac mo hinh ngdén nglr 16n tao sinh nhu
ChatGPT hay Gemini da mang lai nhiing
giai phap hira hen cho bai toan tu van y
khoa (Bubeck va cong su, 2023), viéc ing
dung truc tiép cac nén tang nay vao thuc
tién y té van boc 16 nhirng van dé nghiém
trong. Thtr nhét, dit liéu y té ca nhan yéu
cAu muc do bao mat tuyét ddi. Viec gui
cac dir liéu nay 1én may chu dam may cua
cac tap doan cong ngh¢ 1am nay sinh cac
van dé& nghiém trong vé quyén riéng tu
va tudn thi cac quy dinh y té nhu HIPAA
(Mesko6 & Topol, 2023). Thur hai, sy phu
thudc hoan toan vao két ndi Internet khién
cac hé théng nay tré nén v6 dung trong
cac tinh huéng khén cép, tham hoa thién
nhién, hodc tai cac khu vuc vung sau, hai
dao thiéu ha tang mang. Thir ba, chi phi
dé duy tri ha tang tinh toan cho ciac LLM
truyén thong 1a vo cung dit do, khong phu
hop dé trién khai dai tra dudi dang cac
thiét bi y té ca nhan.

Dé giai quyét triét dé cac han ché
trén, nghién ctru nay dé xuat mot giai
phap méi: Xay dung mot trg Iy y té do
hoan toan cuc bd, van hanh truc tiép trén
thiét bi tinh toan tai bién chi phi thap
1a NVIDIA Jetson Nano. Bang viéc tan
dung su tién bd cua cac M6 hinh ngbdn
ngit nho két hop cung cac k¥ thuét nén
va téi uu hoa hién dai nhu LoRA (Hu
va cOng sy, 2021) va lugng tir hda 4-bit
(Dettmers va cong su, 2023), nghién ctru
hudng t6i viéc dong goi ning luc tu van
y khoa cua LLM vao mot thiét bi chi
c6 4GB RAM. Dong gop chinh cua bai
bao bao gdm viéc xay dung bo dit liéu y
khoa tiéng Viét chuén hoa, tinh chinh mo
hinh Llama 3.2 1B Instruct, va danh gia
toan di¢n hi¢u ning cling nhu do tin cdy
lam sang cua hé thong trong moi truong
ngoai tuyén.

II. Co s& Iy thuyét

2.1. Phin cirng suy ludn tai bién:
NVIDIA Jetson Nano

Trong nghién ctru nay, thiét bi duoc
lua chon dé trién khai mé hinh 1a vi may
tinh NVIDIA Jetson Nano (phién ban
4GB). Khac biét can ban cua Jetson Nano
so v&i cac may tinh nhiing dya trén CPU
truyén théng nam & viéc tich hop vi kién
trac GPU Maxwell voi 128 nhan CUDA
(Nvidia, 2020). Kién trac nay cho phép xur
1y song song céac phép toan ma tran cuong
dd cao, von 1a nén tang cia mang no-ron
hoc sau, tr d6 gia ting dang ké thong
luong suy luan. Tuy nhién, thach thuc ky
thuat 16n nhit cua Jetson Nano 1a ciu trac
bd nhd chia sé. Dung luong 4GB LPDDR4
phai phuc vu cho ca hé diéu hanh (chiém
~1GB) va toan b trong sb ctua Al. Hon
nira, voi ngan sach nang luong gidi han
o muc SW-10W (Mittal, 2020), viéc thuc
thi mot mo hinh ngdén ngtr doi hoi cac giai
phap ti wu héa cuc ky khat khe & murc do
thuat toan va phan mém.

2.2. M6 hinh Ngon ngit Nho va
Llama 3.2 1B Instruct

Sy dich chuyén tir “16n”sang “nho”
clia cac mo hinh ngon ngir danh dau mot
budc ngoat trong khid ning trién khai
Al tai bién. Khac v&i cac mo hinh tham
sb 1on, Llama 3.2 1B Instruct caa Meta
duoc thiét ké t6i wu voi chi 1 ty tham sb
(Dubey va cong su, 2024). Diém dot pha
cua kién trac nay 1a viéc 4p dung phuong
phap chung ct tri thic, trong d6 mé hinh
1B dugce “day”lai tir ddu ra cta cac mod
hinh gido vién khong 1. Su ké thira nay
gitp ban 1B duy tri duogc tu duy logic va
kha nang xur 1y ngir canh tot du kich thude
vatly rat nho. Bién thé “Instruct”duoc vu
tién st dung do da dugc tinh chinh dinh
huéng dé tudn tha cac ciu 1énh y té thay



vi chi dy doan tir tiép theo (Ouyang va
cong su, 2022).
2.3. Ky thudt Toi wu héa: Kiéng ba
chin LoRA, Unsloth va Quantization
Viéc huin luyén va trién khai LLM
trén phan cing han ché yéu cau mot to
hop cong da tang.

| Diu ra (k) |

Trong 6
3 huan luyén trude (1)

Phép chiéu tuyén tinh

(a): M6 hinh phép chiéu tuyén tinh co ban
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LoRA: Thay vi cap nhat toan bo
tham s6 mang (Full Fine- tuning), LoRA
dong bang trong s6 gdc va chi huan luyén
cac ma tran hang thép duoc chén vao cac
khéi Attention (Hu va cong su, 2021). K§
thuét nay giam s luong tham s6 can huén
luyén di hang van lan, cho phép tinh chinh
trén GPU thong dung.

(b): M6 hinh thich nghi véi nhanh bé sung

Hinh 1. M6 hinh ciia Lora véi hai mé hinh co ban va thich nghi bé sung

Unsloth: Thu vién ting toc murc t6i
uu hoa viéc tinh toan dao ham truc tiép
trén nhan GPU, gitp giam ~60% muc tiéu
hao VRAM va ting gip d6i téc d6 huin
luyén (Unsloth, 2024). Lugng tor hoa va
dinh dang GGUF: Trong s6 mic dinh &
chuén 16-bit tiéu ton 2.5GB bd nhd. Qua
trinh lugng t&r héa lam tron céac s6 lidu
nay xudng chuin sb nguyén 4-bit (INT4).
Dinh dang GGUF duoc sir dung dé t6i uu
hoa viéc phan bo tai nguyén giita CPU
ARM va GPU CUDA trén Jetson, nén mo
hinh xudng con khoang 700MB ma hau
nhu khong gay hao hut d§ chinh xac hoc
thuat (Gerganov, 2023).

I11. Phwong phap nghién ciru

3.1. Thiét ké luong div ligu va kién
triic hé thong

Hé théng duoc thiét ké theo kién
trac duong 6ng tuan tu, két ndi nam tram
xu Iy chinh nhu minh hoa.

3.1.1. Tién xit Iy Gm thanh

Tin hi¢u giong n6éi nguoi dung dugc
giam sat béi module phat hién hoat dong
giong noi. Khi nhan dién khau Iénh, dir
liéu duoc chuyén qua mo hinh nhan dang
giong no1 Whisper (Radford va cong su,
2023) dé chuyén dbi thanh vin ban trudc
khi truyén vao mé hinh ngén ngit 16n dudi
dang truy vén.

3.1.2. Truy xudt va Qudn Iy ngit canh

Mot trong nhitng rio can 1on nhét
khi trién khai hé thong tro 1y 4o tai bién 1a
gidi han vé VRAM. Viéc tich hop cac co
s¢ dir licu vector va m6 hinh nhing cho
kién trac RAG truyén thong sé 1ap tic gay
ra hién tugng tran b nhé trén Jetson Nano
4GB. Do d6, d¢ bam sat muc tiéu thiét ké
ban déu, nghién ctru ndy dé xuit mot bién
thé RAG tdi wu hoa phan cing: Kién tric
RAG dya trén truy xuat dir liéu c6 céu
trac. Thay vi tim kiém ngit nghia phtc tap,
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thanh phan truy xuét duoc trién khai thong
qua engine SQLite cyc nhe. Co s¢ dit licu
nay hoat dong nhu mot bo nhd ngén han
va dai han két hop: truy xuét hd so bénh
an tinh cua nguoi dung va goi lai nguyén
van 5 luot hoi thoai g?m nhat. Lich st nay
sau d6 dugc ghép truc tiép vao prompt dau
vao. Bién thé RAG tat dinh nay khong chi
gidi quyét triét dé bai toan duy tri tinh
lién mach trong hdi thoai nhiéu luot, ma

con giai phong hoan toan tai nguyén tinh
toan cho mo6 hinh ngdn ngir 16n hoat dong
muot ma.

3.1.3. Bong co suy ludn

Loi suy luan /lama.cpp tiép nhan
Prompt da dugc ting cuong nglt canh
(Gerganov, 2023). Engine nay dugc bién
dich voi c¢& LLAMA_CUBLAS=1 nham
giam tai tinh toan d6 thi ma tran sang GPU
Maxwell.

- Thiét bi Edge Offline (Hoat dong trén Jetson Nano)

SQLite: Lich v
@ h5§ thowi &
A Hiwy il
VAD
(Pt kidn
@J Eibag moi}
Diu vio piong 0éi
nEired dilns
{Audio)

Whisper Tiay Quin ¥ agw cink
-RAG

ki dang
Finag moi}

‘ a

Léi suy lndn:
Q)
1 O E ) ) Ba:in ra )
v X Phin héi giong nai
CPUMaxwell Piper TTS ridng Vide

(Ksén trixc VITS)

(LLAMA_CUBLAS-T) (26w g

Tram1
(Tién x I 4m thanh - STT)

Tram 2
(Quin I¥ ngi¥ cinh - RAG)

(Suy luin md hinh - LLM)

Tram 3 Tram 4

(Téng hop ziong néi - TTS)

Thiét bi Edge Offline (Hoat dong trén Jetson Nano)

Hinh 2: Luéng dir liéu hoat dong hé tho”ﬁg

3.1.4. Tong hop Giong néi

Pau ra vin ban y khoa dugc day
vao thu vién Piper TTS, sir dung kién triic
VITS (Kim va cong su, 2021) dé sinh am
thanh tiéng Viét v&i do tré cuc thap.

3.2. Quy trinh thu thdp dir liéu va
hudn luyén

hop v6i cac ngudn y van chinh thong. Tap
dit liéu bao gdm 5.000 cip ciu hoi - phan
hoi. Toan bo dir liéu di trai qua quy trinh
tién xtr 1y nghiém ngit va duoc dinh dang
theo cu tric chuan Alpaca (Taori va cong
sw, 2023) dé t6i uu hoa cho qua trinh hoc
c6 giam sat. Cac vi dy tiéu biéu vé cau tric

tap dir liéu, bao gém ca céac kich ban tu van
thong thuong va kich ban kich hoat canh bao
khén cap, dugc minh hoa chi tiét tai Bang 1.

B0 dir liéu medical data.json dugc
xdy dung bang phuong phap tong hop, két
Bang 1: Vi du minh hoa cau tric dir liéu v khoa tiéng Viet

theo chudn dinh dang Alpaca phuc vu hudn luyén

Cénh bao khin cip
Ban 12 m¢t trg 1y y té do. Hay tu van cho

Tw van bénh ly
Ban la mot trg 1y y té d4o. Hay tu van cho

Truong dir liéu

doi. T61 bi lam sao vay?

Chi thi o 1 A o 1 A
) nguoi dung dua trén triéu chiing sau. nguoi dung dua trén triéu chirng sau.
Chao bac si, dao nay toi hay bi ¢ chua, | Con t6i 3 tudi, chdu dang bi sot cao 39.5
Pau vao dau rat vung thugng vi, dac biét 1a Itc [do va cé dau hi€u co giat nhe. Toi nén

cho chau uong thuoc gi?
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Truong dir liéu

Tw vAn bénh Iy

Cénh bao khin cip

DPau ra mong dgi

Chao ban, céc tri¢u chung ¢ chua va dau
rat thuong vi luc doi 1a dau hiéu dién
hinh cua viém loét da day - ta trang. Ban
nén chia nho bira an, tranh d6 cay néng
va dén co so y té dé dugc nodi soi chan

[CANH BAO KHAN CAP] Sét cao co
giat & tré em 1a tinh trang nguy hiém.
Ban KHONG NEN ty ¥ cho bé udng
thudc tai nha lac nay. Hay lap tirc dwa bé
dén phong cap ciru gan nhat dé duogc bac

doan chinh xac.

s1 can thiép kip thoi!

Pé trién khai huan luyén, nghién ctu
ap dung k¥ thuat tinh chinh tham s6 hiéu qua
thong qua phuong phéap LoRA (Hu va cong
su, 2021). Bé dam bao tinh minh bach va
kha nang tai lap, cAu hinh céc siéu tham s

GIAI DOAN 1: BAU VAO
8 1
Llama 3.2 1B (M5 hinh gbe)

@ [0 Unsloth + LoRA
E Tl Al (Efficiens Fine-runing)
D ligu ¥ té Tieng Vigt (JSON) »
(%A Datasat) Chi cp aht trong b kang thip (Lovw-rask)

G mgvén trong 25 gbe

= Té1 wu tqi 100 buoe

GIAI DOAN 2: HUAN LUYEN (CLOUD - COLAR)

(Quantization Q4_K M)
Nién mb hinh | Gidm VRAM

duoc thiét 1ap chat ch€ véi: Tbc dd hoc la
2e-4, kich thudce 16 13 2, va sb budc tich liy
gradient 12 4. Vi cau hinh nay, kich thudc
16 hiéu dung dat mirc 8. Quy trinh ludng
huén luyén téng thé dugc mo ta tai Hinh 3.

GIAI DOAN 3: TRIEN KHAI (EDGE)

J

Jetson Nano 4GB

R —
: 3 ’7 ModeL gguf (~700ME)
v Iy e e

Lwgug tik hoa e | . 1

Tich hop Hé thong:
» llama cpp (suy fudn)
* Whisper (STT)
* Piper TTS (TTS)
* SQLite (bd nhd ngir canh)

Hinh 3: Quy trinh hudn luyén

.Training Loss (Sai s6 trén tap huin luyén) .\'ahdat.\on Loss (Sai s trén tip kiém thi)

Giatri miit mit (Loss Value)

0445 | | | |

$6 buéc huin luyén (Training Steps)

Hinh 4: Biéu dé bién thién ham mdt mat trong qud trinh tinh chinh LoRA

Qua trinh tinh chinh m6 hinh Llama
3.2 1B dugc giam sat chat ché thong qua
biéu d6 ham mét mat (Hinh 4). Nhu c6 thé
quan sat, dd thi Loss c6 xu huéng giam
nhanh va tién t6i trang thai hoi tu 6n dinh
& mirc thap chi sau 100 budc huan luyén.

Vi 100 budce va kich thudce 16 hi¢u
dung bang 8, md hinh thuc té méi chi
duyét qua khoang 800 mau dir liéu. Hién
tuong hoi tu cuc tdc nay thoat nhin c6 vé
mau thuan véi quy mo dit liéu, tuy nhién
diéu nay hoan toan tudn theo nguyén Iy
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“it hon 1a t6t hon” trong tinh chinh mo
hinh ngdén ngtr (Zhou va cong sy, 2023).
Thir nhit, bo dit liéu y khoa tiéng Viét da
duoc déng nhét hoa cao vé mat dinh dang
ciu tric, gitp giam thiéu do nhidu trong
qua trinh cap nhat trong $6. Th hai, muc
tiéu cot 161 cua viée ap dung LoRA trong
nghién ctru nay khong phai dé bo sung tri
thirc y khoa goc, ma cha yéu nham cin
chinh hanh vi. Ban than Llama 3.2 von da
so hitu lugng kién thirc tong quéat khong
16; do d6, mot lwong nho dit liéu 1a diém
can bang 1y tuong dé moé hinh hoc cach
tuan tha dinh dang dau ra tiéng Viét, thé
hién sy thiu cam va bam sat cac quy tic an
toan y té co ban. Vi vay, viéc ap dung co
ché dirg sém tai budc 100 1a mot quyét
dinh k¥ thuat c6 cha dich. Chién lugc nay

khong chi gitip t6i uu hoa tai nguyén tinh
toan ma quan trong hon, né ngan chan
triét dé rui ro qua khép trén tap dir lidu
huin luyén, dong thoi bao vé hé thong
khéi hién tugng tham hoa quén dam bao
kho tang tri thic y khoa tong quat da duoc
ma hoa trong trong s6 gdc ciia md hinh
khong bi pha huy.

3.3. Ké hoach kiém thir va ddnh gid
lam sang

Quy trinh kiém thtr duoc cdu trac
thanh hai 16p ddc lap.

L6p thir nhat: Xdy dung ma trén
200 kich ban kiém thir bao trim 10 nhom
bénh ly thuong gap Bang 2. Cac kich ban
16ng ghép yéu té nhidu nhu tir 1ong, viét
sai chinh ta, va bdi canh bénh nhan thiéu
thong tin (Singhal va cdng su, 2023).

Bdng 2: Kich ban kiém tra danh gid

ID |Nhém bénh Iy Cau héi

Ngir cinh Ky vong ciia Al

Bé nha t61 ho nhiéu vé

TC 01 |H6 hap pols

Tuoi: 3 tuodi

Tu van gilr am, xoa dau, dung
siro ho thao duoc.

TC_05 Cap el dé md hoi hot

B0 t61 dang 6m ngyec trdi, |Tién str: Huyét

[CO DO] Canh bao nguy co
nhdi méau co tim, yéu cau goi

ap cao L, A
cap cuu 115 ngay lap tuc.
Cho t6i1 hoi uong [CANH BAO AN TOAN] Giai
TC 12| Tiéu hoa paracetamol 2 vién 1 I[ic | Khong co thich nguy co ngd doc gan, tur

0 sao khong?

chdi cung cap hudng dan tu ti.

Lép thu hai: Phuong phap chuyén
gia danh gia mu. Céc cau tra 101 cia Al
dugc boc tach va giri cho hoi dong bao
gdm céac duoc si va sinh vién Y khoa nim
cudi. Viéc danh gia dya trén thang diém
Likert 5 mure d tap trung vao hai tiéu chi:
(1) Tinh chinh xac y khoa va (2) Tinh an
toan (Levine va cong su, 2023).

IV. Két qua va thao luin

4.1. Pdnh gid hi¢u ning hé thong
(Performance Metrics)

Kha ning van hanh ciia hé théng
trén gidi han phan cimg Jetson Nano (ché
d6 ngudn 10W) dugc ghi nhan trong diéu
kién moéi trudng thyc té thong qua cong cu
giam sat jtop (Bonghi, 2022).

Bang 3: Théng sé van hanh trung binh ciia hé thong trén Jetson Nano

Chi s6 do lwromg Két qua thwe nghiém
Thong lugng suy luan (Tokens/second) 6.8 tokens/s
D9 tré khoi tao (Time to First Token) ~2.5 gidy
Murc tiéu thuy VRAM mo hinh 2.8 GB
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Chi s6 do ludng

Két qua thwe nghiém

Ty 1€ str dung GPU trung binh

92% - 95%

Nhiét do van hanh (véi tan nhiét khi)

62°C (ngudng an toan < §5°C)

Két qua tai Bang 3 cho thay hiéu
qua vuot trdi cua ky thuat luong tor hoa
4-bit. Muc tiéu thu 2.8GB VRAM dam
bao khong xay ra hién tugng tran bd nhd
hay lam dung phan vung Swap.

Thong lugng suy luan dat 6.8
tokens/gidy hoan toan twong thich vai toe
do doc hiéu binh thuong cua nguoi Viét,
loai bo cam giac chd doi gy we ché (Pope
va cong su, 2022).

4.2. Dy chinh xdc va danh gia
lam sang

Trén tap dir liéu 200 kich ban thu
nghiém ky thuat, hé thong ghi nhan ty
1¢ phan hdi hop 1& dat 92%. Trong budc
danh gia dinh luong tu dong, hé théng ghi
nhan chi sé6 BLEU-4 (Papineni va cong
su, 2002) dat mtrc 0.45. Tuy nhién, nghién
curu nay nhan dinh réng ddi véi tac vu sinh
vin ban y té mo, cac thang do duwa trén
mat do trung 13p n-gram nhu BLEU chi
phan anh dugc muc do bam sat ct phap,
nhung boc 16 nhiéu diém mu trong viéc
danh gi4 tinh chinh x4c vé mit ngit nghia
va chuyén mon sau. Mot cau tra 101 c6 cdu
trac tir vung hoan toan khic biét van c6
thé chinh x4c vé miat y khoa Hinh 5.

Chatbot RAG - Jetson Nano

Hinh 5: Két qua héi dap va phdn hoi
thuc té

Do d6, dé bu dip giéi han cta cac
cong cu chdm diém tu dong, nghién ctu
dat trong tdm vao phuong phap danh gia
ban 1am sang boi hoi dong chuyén gia.
Phuong phap nay dong vai tro quyét dinh,
cung cép goc nhin da chiéu va thuc tién
nhat nham thAm dinh do an toan, tinh hop
1y va ty 1€ kich hoat cac canh bao “co do”
cua hé thong.

Két qua danh gia mu cho thay, hé
thong dat diém trung binh 4.2/5.0 cho
ti€u chi tinh chinh xac y khoa. Pac biét,
hé thong phan Gmg xuét sic & tiéu chi an
toan khi co6 ty 1¢ nhan di¢n “co do” dat
98%. Trong céac kich ban nhu sot co giat
& tré em hay nghi ngd nhdi mau co tim,
mo hinh di chii dong ngét quy trinh tu van
thudc tai nha va phét ra canh bao khan cip
yéu cau dua bénh nhan dén co s y té gan
nhat. Sy thiu cam trong ngdn ngit ciing
dugc cai thién 16 rét nho viée thiét 1ap 10i
nhic hé théng dinh hudng (Ayers va cong
su, 2023)

4.3. Han ché ciia nghién ciru va
huéng phidt trién

Mic du bude dau dat duge cac chi sd
kha quan trén phan ctng han ché, nghién
clru van ton tai mot s6 giéi han nhét dinh.

Tha nhét, vé mat thudt todn, ning
luc ctia hé thdng boc 16 16 diém yéu khi
d6i mat véi cac bénh ly hiém gap hodc céac
truy van doi hoi tu duy suy luan da tang
phure tap. Hién tuong “40 giac” van xudt
hién véi ty 1€ ~5%, doi hoéi sy tinh chinh
sau hon ¢ pha hdu xtr Iy dé dam bao an
toan tuyét doi (Ji va cong su, 2023)

Thé hai, v& phuong phap thuc
nghiém, mdt han ché can ghi nhan Ia su
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vang mit ctia cac bac si chuyén khoa 1am
sang trong hoi dong danh gia; qua trinh
tham dinh hién tai méi chi duge thuc hién
bdi cac dugc si va sinh vién y khoa nam
cubi. Tuy nhién, thiét ké danh gia nay
duoc xem la phu hop véi muc tiéu va
pham vi ing dung cua hé thdng trong giai
doan nguyén mau hién tai. M6 hinh dang
dugc dinh hudng chu yéu dam nhiém vai
trd phan ludng, sang loc thong tin co s0,
cung cép kién thtrc y khoa du phong va hd
tro tu van cac nhom thude khong ké don.
V6i pham vi ndy, nén tang chuyén mén
ctia hoi dong danh gia hién tai 1a dap ung
du yéu cau dé kiém dinh bién d6 an toan
va tinh hop ly co ban trong cac suy luan
cta mo hinh.

Trong tuwong lai, chung t6i dinh
huéng thiét ké cac quy trinh danh gia mu
d6i ddi véi cac cabénh gia dinh c6 do phuc
tap cao, duoc tham dinh chéo bdi mot hoi
ddng y khoa gdm céc bac si chuyén khoa
doc lap. Pay 1a tién trinh diéu kién tién
quyét nham danh gia toan dién ning luc
lam sang cua mo hinh trude khi ung dung
thuc tién

V. Két luén

Nghién ctru da chiing minh tinh kha
thi cta viéc “dan chu hoa’cong ngh¢ Al
tao sinh trong linh vuc y té théng qua mot
thiét bj dién toan tai bién chi phi thap.
Béng viéc tich hop mot cach khoa hoc
cac ky thuét t6i wu hoa tién tién (LoRA,
luong tir hdéa INT4) vao md hinh Llama
3.2 1B, hé théng trg 1y 4o trén Jetson
Nano da hoat dong muot ma véi tdc do 6.8
tokens/s, dong thoi dam bao an toan tuyét
d6i vé bao mat thong tin do khong yéu cau
truyén tai dir liéu qua Internet. Du m&i
dimg & cdp d6 nguyén mau (Prototype)
dinh huéng so cip ctru ban dau, giai phap

nay mo ra nhiéu trién vong tmg dung 16n.
Trong tuong lai, dinh hudng phat trién s&
tap trung vao hai nhanh chinh: Cai tién
phan cting va Hé sinh thai AloT: Thiét ké
vo boc 3D tich hop pin luu trit nang luong
va man hinh twong tac, bién thiét bi thanh
mot tram y té di dong (Interactive Kiosk).
Hé théng s€ dugc mo rong két ndi voi
cac cam bién y sinh (do huyét ap, Sp0O2)
qua chuan giao tiép IoT dé ty dong hoa
khau thu thap thong tin (Qadri va cong
su, 2020). Cung cb tri thirc chuyén khoa:
Nang cap hé thong bo nhd RAG két hop
v6i cac kho dir licu y van chuin quéc té,
trang bi cho Al kha nang dbi chiéu dit liéu
theo thoi gian thuc dé triét tiéu hoan toan
hién tuong ao gidc, hudng tdi mot nén
tang tu van stc khoe dang tin cdy phuc
vu ngudi dan ¢ moi ving mién (Lewis va
cong su, 2020).
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AN EDGE OPTIMIZED LARGE LANGUAGE MODEL-
BASED VIRTUAL MEDICAL ASSISTANT FOR
RESOURCE-CONSTRAINED DEVICES

Do Dinh Hung', Do Quoc Trinh!

Abstract: The exponential advancement of Large Language Models (LLMs) has
unlocked immense potential in medical diagnosis and consultation. However, reliance
on cloud-computing infrastructure introduces severe vulnerabilities regarding sensitive
healthcare data privacy and restricts system availability in internet-deprived environments.
This paper proposes the design and implementation of a localized virtual medical assistant
operating entirely offline on the NVIDIA Jetson Nano microcomputer. At the core of the
proposed architecture is the Llama 3.2 1B Instruct model, subjected to Parameter-Efficient
Fine-Tuning (PEFT) via the LoRA technique and Unsloth framework on a curated Vietnamese
medical dataset. To circumvent the stringent hardware constraint of 4GB of RAM, the model
is quantized to a 4-bit GGUF format and executed via l[lama.cpp inference engine. The system
further integrates a SQLite-based local context memory module alongside a comprehensive
speech recognition and synthesis interface. Empirical evaluations demonstrate that the system
achieves an average inference speed of 6.8 tokens/second, maintains a VRAM footprint of
2.8 GB, and yields robust clinical accuracy (exceeding a 4.0/5.0 expert rating) across 200
prevalent pathological scenarios. This research validates the feasibility of democratizing
medical Al on low-cost edge devices, intrinsically guaranteeing data privacy and real-time

responsiveness.

Keywords: virtual medical assistant, edge Al, Small Language Models (SLMs), quantization,
data privacy, resource-constrained devices
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