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1. BOI CANH VA DONG LUC

Vi sao céng nghiép cdn Al dua trén tri thuc?

Di¥ lieu giau nhwng phan tan

Thu cong, bao cdo 16i, log bao tri, SOP nam rai rac & nhiéu hé théng khac nhau.

Tri th&rc nam trong dau chuyén gia
Phan 1&n kinh nghiém x& Iy su cd it duoc ghi chép, gdp khd khan khi cé thay déi nhan su.

Ky suw can cau tra loi nhanh
Khi thiét bj bao 16i lic 2h sang, ngudi truc can biét ngay nguyén nhan va cach x ly.

Tim thu cong la qua cham
Luc hang nghin trang tai liéu bang tay khong kha thi trong van hanh thuc té.




1. BOI CANH VA DONG LUC

Vén dé cua LLM thudn tuy trong céng nghiép

LLM thuan tay

o

"Siét bu-long dén 95 Nm..."

- nghe thuyét phuc nhung cé thé sai

S

"Kha di nhat" # "Dung nhat"

o
o

O

Dé hallucinate (bia thong tin)
Khi khéng c6 dir liéu nén, LLM sinh chudi vén ban khd di nhét,
khéng phdi dung nhat.

Mu tit tai liéu noi bo
Khéng biét manual riéng va théng tin mdi nhét cua doanh
nghiép.

Khoé dung cho an toan cao

MGt budc sai trong méi trwdng céng nghiép cé thé gdy hdng
thiét bi hodc tai nan.



1. BOI CANH VA DONG LUC

Khodng tréng gitra Al téng qudt va Al céng nghiép

Al tong quat (LLM)

Hiéu va dién dat ngbn ngir rét
tét, nhung khéng biét tri thure
riéng cua ban.

RAG

cGy cdu tri thurc

Tri thirc cong nghiép

Chuyén nganh, quy trinh, tiéu
chudn, dit liéu lich stt, can cép
nhgt & truy vét.

Yéu cau thuwc té: tra |0i chinh xac theo domain - cap nhat thuong xuyén - truy vét duoc - bao mat dit liéu

Nguén: yéu céu thue té (domain accuracy, traceability, privacy) — Wang/Tongji slide 4.




2. RETRIEVAL-AUGMENTED GENERATION (RAG)
RAG la gi? — va gidi quyét van dé gi?

(

RAG = Retrieval-Augmented Generation

LLM sinh céu trd loi ¢é tdng cwdrng bang truy xudt tri thire. Thay vi chi dwa vao 'tri nhd”’ cda LLM, hé théng

tim tai liéu lién quan trwoc, réi mdi tra o,

Giam hallucination Tang tinh cap nhat
Cau tra 1&i bam vao bang chirng d3 truy xuét. Chi cap nhat kho tai liéu, khéng can huan

luyén lai.

Dung dworc tai liéu ndi bo Tra & ¢6 trich dan
Khai thac ca di¥ liéu riéng va nhay cam cua Minh bach, truy vét duoc t&di ding nguén
doanh nghiép. tai liéu.




2. RETRIEVAL-AUGMENTED GENERATION (RAG)

Vi du trwre quan: hoi vé rung bat thuong & vong bi

Cau hoi

"L&i rung bat thudng &
vong bi (bearing) c6 thé do
dau?"

Retrieval

Huwdng dan st dung, bao
cao l0i tuvong tu, hudng
dan bao tri

LLM tdng hop

Cac nguyén nhan kha di
kém bang chirng tir tai liéu

Paura

Checklist kiém tra theo th(
tw wu tién, trich dan ngudn

RAG khéng 'dodn' — né truy xuét tai liéu that réi dé xuét checklist dé ky suw tw kiém tra
va quyét dinh.

Ngubn: cdu tric Query—>Retrieve—>Answer (Eurecat slide 12; Wang/Tongji slide 5). Vi du bearing: ndi dung do nguoi soan xdy dung.




2. RETRIEVAL-AUGMENTED GENERATION (RAG)
RAG gibng mét ky sw voi day duthw vién ky thudt

o LLM &> nguwdi c6 khé ndng doc hiéu va dién gidi
e Vector database & thw vién dwoc 1Gp chi muc theo y nghia
e Retrieval &> qud trinh im dung tai liéu trén ké
0 Generation &> qud trinh viét céu trd 10i téng hop




3. PIPELINE CO BAN

Téng quan pipeline RAG: offline + online

OFFLINE - LAP CHi MUC
Thu thap Chia nho 9 , Vector
tai liéu ’ (chunk) ’ Embedding> database
ONLINE - TRUY XUAT & SINH TRA LO1
Cau héi > QT‘Im doan Rerank LLM sinh +
embedding> gan nhat ” top-n ’ citation

Ngubn: Indexing—> Retrieval->Generation (Wang/Tongji slide 10); so d6 Retrieval+Generation (Eurecat slide 12).



3. PIPELINE CO BAN

Document ingestion & Chunking

e Document ingestion

Pua tai liéu vao hé théng

-Nguén: PDF, Word, Excel, manual, report, log,
website noi bo

-PHM bd sung: maintenance report, CMMS,
historian, SOP

.Can |am sach & chuan héa trudc khi xir ly

RAG vao thi RAG ra — chat lvgng dau vao

quyét dinh dau ra

e Chunking

Chia tai liéu dai thanh cac doan

-Qud ngan = mat nglr canh; qua dai > gidm do
chinh xac

Ky thuat: sliding window, fine-grained, Small-2-
Big

-Gilr metadata: tén may, loai I6i, thoi gian, ngudn

-Metadata giup loc ddng thiét bi khi truy xuat



. PIPELINE CO BAN

Embedding va Vector Database

*Embedding bién van ban thanh vector s6 Khéng gian vector
«Doan cung y nghia > vector nam gan nhau

*M®& hinh hién dai (BERT, RoBERTa, BGE) cho biéu dién

theo ngit canh

*Vector DB (Chroma, Pinecone, FAISS) tim 'hang xom

“rung vong bi?”

gan nhat' rat nhanh

“qua nhiét dong co?”

? cdu hoi roi dung cum lién quan



3. PIPELINE CO BAN

Retrieval va Reranking — budc then chét

Retrieval

Vector DB - top-k rng vién (Ian nhiéu)

«Tim top-k doan cé kha nang lién quan

\4

Reranking
RERANKER

\4

«Cham diém lai dé chon top-n tdt nhat dua vao LLM

eReranker doc truc ti€p (query, doc) > mat it théng tin hon
top-n tot nhat > LLM
A\ Truy xuat sai = tra 101 sai — day Ia budc cuc ky quan trong

Ngudn: rerank, gici han chunk (Eurecat slides 18—19); low precision/recall Naive RAG (Eurecat slide 16).



3. PIPELINE CO BAN

Phén hoi co trich dan

oLLM nhan: ciu hoi + cdc doan tai liéu lién quan 0 Vi sao citation quan trong?
ePrompt dang: "Tra |0i cau hoi dua trén ngit canh nay" Ky suw bao tri sé khong tin "thay phot sau
8000 gio" néu khéng biét con s6 dé dén

bi rang buodc, it bia A
> b & UG ‘ tw dau.

*Sinh cau tra loi dua trén tai liéu da truy xuat Khi cGu tré Iovi ghi ré "theo Manual X,

\ _ ‘ muc 4.2", kj sw c6 thé kiém ching va yén
*Dau ra kem trich dan nguon: manual nao, trang nao, tdm hanh déng

bao cao nao




3. PIPELINE CO BAN

RAG khac gi fine-tuning? Khi nao dung cai nao?

O

*N&i m6 hinh vadi tri thirc ngoai
«Dé cap nhat — chi d6i kho tai liéu
«Truy vét dugc nguodn - it do giac

«Dung khi: trd I&i tha cdng, tiéu chuan, bao cdo,

dir liéu thay doi lién tuc

0 Fine-tuning

*Day mo6 hinh cach lam (van phong, format, etc)
*Khoé cép nhéat - ton tai nguyén
«Khd nhd chinh xac kién thirc cu thé

«Dung khi: can van phong/dinh dang/suy ludn

dac thu

- Trong cdng nghiép, RAG thuwdong an toan & ré hon — va ¢ thé két hop ca hai.




4. RAG CHO DOANH NGHIEP
Di lieu cong nghiép & RAG giup gi cho doanh nghiép

e Di¥ lieu cong nghiép

«Da dang: van ban, bang, log, tin

Hoi-dap ky thuat tir manual

Tim nhanh 16i twong tw trong lich sl

hiéu cam bién, anh kiém tra
Tong ho'p bao cdo bao tri
«Nhiéu nguén: SOP, SCADA, CMMS,

historian x R ~ ..
HO tro dao tao ky sw mdéi

R0 rac, kho truy xuat theo cach

Chuan héa tri thirc tir chuyén gia

truyén thong




5. RAG and PHM

PHM = Prognostics and Health Management

(chan dodn & quan ly strc khoe thiét bi) - RUL = Remaining Useful Life

o > @ > o > ° > e >
Thu thap Theo doi Phat hién Chan doan Dv bdo Pé xuat
cam bién trang thai bat thwong 16i RUL bao tri

“Chuyén tw bdo tri phdn trng > bdo tri dw dodn”

Ngubn: néi dung do ngudi soan xdy dung (kién thire chudn nganh PHM) — khéng c6 trong tdi liéu upload.



5. RAG and PHM

PHM con thiéu gi? — va RAG nam & déu

{ N

Khoang trong: M6 hinh phat hién bat thuong tét nhung khé giai thich "vi sao". Ky
suw van phai tu tra clru thd cdng va truy vét tirbao cio cd.

Cam bién Phdt hién 'bét thuong & tan sé X' — KHONG phdi
(Time series) vai tro cua RAG

. A J
RAG Két néi két qua phén tich véi manual, fault
(I&'p tri thirc & giai thich) report, tri thu'c chuyén gia

b A &

. Nhén gidi thich + dé xudt > ra quyét dinh cudi

Ky swr cung

Nguén: néi dung do ngudi soan xdy dung — vai tro RAG trong PHM khéng cé ngudn tryc tiép trong tai liéu upload.




6. USE CASES 1-2

Tro' ly chdn dodn 16i & Tro' ly bdo tri theo manual

UC1 - Chan doan l6i UC2 - Bao tri tha cong

eInput: triéu chirng / cdnh bao / tin hiéu bat thuong oKy thuat vién hoi bang ngdn ngit tw nhién
eRetrieval: 16i twong tw + manual + bao cdo cil eHé thong tim dung muc huéng dan trong manual
eOutput: nguyén nhan kha di, bang chirng, checklist eLLM tém tat thanh cac budc dé thuc hién

\ 7\

0 Bat budc: gitr nguyén canh bao an toan & diéu kién van hanh (vd: khéa ngudn, xa dp trudc khi thdo)
khi LLM tém tat cac bwédrc.

Ngudn: ndi dung do ngudi soan xdy dung (Eurecat slide 5 cé nhdc 'maintenance PDF').



6. USE CASES 3-5

Phén tich bdo cdo - Bao tri dw dodn - Dado tao

UC3 - Phan tich bao céo 106i

Truy xudt 16i tu'ong tuw, tom tat
nguyén nhén géc ré, tim pattern Idp

- x4y knowledge base nha mady

UC4 - Ho tro bao tri du doan

Khi mé hinh bdo rui ro tdng, RAG tim
ca lich str twong tw + goi y hanh ddng

kiém tra

UC5 - Pao tao & chuyén giao

Ky st* mdi hdi vé mdy/16i/quy trinh;
giam phu thuéc kinh nghiém khéng

ghi chép

Xuyén sudt moi use cases: RAG dé xuat — ky sw la ngwoi quyét dinh cudi cung (human-in-the-loop).




7. KIEN TRUC TONG THE
Kién tric PHM-RAG 5 16

Human layer

Phadn héi chuyén gia + ra quyét dinh (human-in-the-loop)

LLM layer

Suy luén - gidi thich - tém tat (kém citation)

Vector database - document store - metadata

Analytics layer

Anomaly detection - fault diagnosis - RUL prediction

D{ liéu @ Knowledge layer

Data layer

Sensor data - maintenance logs - manuals - reports

Nguén: thanh phdn RAG (Eurecat slides 6—14; Wang/Tongji 10-11

Feedbac



.KIEN TRUC TONG THE

Multimodal RAG cho PHM @

«Khéng chi van ban: con bang, doé thj rung, anh nhiét, _ Anh nhiét
anh kiém tra
«Multimodal RAG m¢& rong sang anh, video, audio, code
«K&t ndi text + image (anh kiém tra) + tin hiéu cdm bién @
Bang/3D

Phé rung

™

«Rat hop vdi inspection cong nghiép & bdo cdo bao tri

Aligned to 0.05mm Misaligned to 0.5mm

MO 382 384 36 318 N0 N2 394 M6 98 400 402 404 M5 M8 D 42 N4 NS NS LD B2 4
Tim

Aligned to +/- 2 mils Aligned to + 20 mils



8. TRIEN KHAI

Rui ro, gidi han & best practices

. s 7
o Rui ro & gi¢i han ° Best practices
«Truy xudt sai > tra i sai (rat thuyét phuc) B3t dau tlr use case hep, mot loai thiét b
oTai liéu 16i thoi 1am gidm chat lvgng «Lam sach & chuan hda tai liéu; metadata t6t
«Ngit canh qua dai > 'lost in the middle' «Ludn bat citation
«D{ liéu cong nghiép nhay cam - lo bao méat +Ghi log ciu hoi & phan hoéi dé cai tién
«KHONG dé LLM tu quyét trong tinh hudng an «Chuyén gia kiém tra dinh ky - human-in-the-
toan cao loop
. 4 %

Nguén: vén dé Naive RAG (Eurecat slide 16); challenges 'lost in the middle' (Wang/Tongji slide 36); data cleaning (Eurecat slides 17,46).



8. TRIEN KHAI
Huwdng nghién ciru tiem néng (PHM-RAG)

0 RAG cho fault diagnosis 0 RAG + digital twin @ RAG + t|.me-ser|es
foundation models

@ M ultlm.o dal RAG cho e Expert-in-the-loop RAG Uncertainty-aware RAG
inspection

Ba xu hwéng RAG néi chung

Modularity thanh dong chinh - Scaling law hoan thién - Production-ready & multimodal

Nguén: ba xu hwéng RAG (Wang/Tongji slides 35-37).



8. CASE STUDY

Chén dodn 16i vong bi / mdy quay

9 D liéu dau vao Tin hiéu rung + manual + fault report + maintenance history
) v

@ Anomaly detection M6 hinh time-series phdt hién bat thuong (Iép analytics)
: \

o RAG giai thich Nguyén nhén khé dri + dé xudt kiém tra (I6p tri thic)
: v

@ Ky sw quyét dinh RAG dé xudt, con ngudi xdac nhén hanh déng

Ngudn: ndi dung do ngudi soan xdy dung. Dataset cong khai cén kiém tra & ddn ngudn riéng khi trién khai.



8. Key takeaways

RAG lam LLM dang tin hon PHM can két hop 2 thar

C6 cdn ct¥, cp nhét, trich dan dwoc — dung D liéu cdm bién + tri thire ky thudt — RAG la
thtr céng nghiép cén cdy cdu

HO tro,, khong thay thé Cong thirc thanh cong

RAG giup ky su truy xudt, gidi thich, ra quyét C6 cdin ctt - ¢6 trich dan - cé6 human-in-the-loop

dinh

Nguén: tinh ddng tin/traceable cua RAG (Wang/Tongji slide 7; Eurecat slides 22,53).



@D hust.eduvn € fb.com/dhbkhn

"Ttr di¥ liéu cdm bién dén tri thire bdo tri c6 thé hanh déng”
(RAG bridges industrial data, engineering knowledge, and human
decision-making)

000

Dt liéu > Tri thirc > Quyét dinh

Xin chan thanh cam on!
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