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TOM TAT

Dé nham bé mat sau khi gia cong la yéu té then chot anh huéng dén dé bén, ma sdt va tinh
ndng vin hanh ciia chi tiét co khi. Trong boi canh gia cong thép SUM24L bang phwong phdp tién,
viée du dodn chinh xdc d6 nhdm bé mat tir cdc thong $0 cdt nhw toc do v), chiéu sdu (t) va luong
chay dao (s) la can thiét dé toi wu héa quy trinh va ndng cao chdt lwong san pham. Tuy nhién, cdc
mé hinh dy doan hién tai thwong thiéu can bcing gitta do chinh xdc va kha nang trién khai thuc té
trong méi truong san xudt théng minh. Bai bdo ndy dé xudt mot phwong phdp t6i vu héa da muc tiéu
dua trén NSGA-II nham tu dong thiét ké cdc mé hinh mang no-ron nhan tao (ANN) cho bai todan dy
dodn dg nham sau tién thép SUM24L. Hai muc tiéu dirgc xem xét dong thoi la: (]) sai 56 dy dodn
(MSE) va (2) kich thudéc mo hinh sau luong tir hoa (bytes). Thire nghiém cho thdy phwong phap da
tao ra mot tap nghzem Pareto hiéu qud, cung cdp cdc phw(mg an mé hinh ANN linh hoat, san sang
trién khai trén thiét bi bién véi dé chinh xdc phit hop yéu cdu cong nghiép.

Tir khéa: DS nham bé mdt; Mang No-ron nhan tqo; T6i wu héa da muc tiéu; Thiét bi bién.

ABSTRACT

Surface roughness after machining is a key factor affecting the durability, friction, and
operational performance of mechanical parts. In the context of turning SUM24L steel, the accurate
prediction of surface roughness from cutting parameters such as speed (v), depth of cut (t), and
feed rate (s) is necessary to optimize the process and enhance product quality. However, current
prediction models often lack a balance between accuracy and practical deployment capability in
smart manufacturing environments. This paper proposes a multi-objective optimization method
based on NSGA-II to automatically design Artificial Neural Network (ANN) models for the problem
of predicting surface roughness after turning SUM24L steel. Two objectives are considered
simultaneously: (1) prediction error (MSE) and (2) post-quantization model size (bytes). Experiments
show that the method has generated an effective Pareto front, providing flexible ANN model options,
ready for deployment on edge devices with an accuracy suitable for industrial requirements.

Keywords: Surface roughness; Artificial Neural Network, Multi-objective Optimization;

Edge devices. &

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 331, thang 8 nim 2025 L
cokhivietnam.vn



NGHIEN CUU - TRAO DOI

1. PAT VAN PE

Trong linh vuc co khi ché tao, chit
luong bé mat 1a mot chi tiéu quan trong, phan
anh truc tiép muc do hoan thi€n cua qua trinh
gia cong. Pac bict, d0 nham bé mat (Ra) c6 anh
hudng 16n dén cac dic tinh chic ning cia chi
tiét nhu kha ning chdng mai mon, chdng in
mon, hé sd ma sat va do bén moi. Viéc kiém
soat d6 nham 13 yéu cau thiét yéu dé dam bao
hiéu nang va tudi tho cua san phém, dac biét
trong cac ung dung yéu cau do chinh xéc cao.

Tuy nhién, d nham sau gia cong chiu
anh huong boi nhiéu thong sé cong nghé nhu
tdc do cit (v), chidu sdu cét (t) va luong chay
dao (s), voi mdi quan hé phi tuyén va khé mo
hinh héa tuong minh. Do d6, kha nang du doan
trude d6 nham tir cac thong sb cat khong chi
gitip rit ngan thoi gian thir nghiém ma con tiét
kiém vat liéu va chi phi san XUAL.

Nhiéu phuong phap di dugc dé xuit dé
giai quyét bai toan nay, tir mo hinh thuc nghiém
tuyén tinh dén phuong phap bé mat dap g
(Response Surface Method — RSM). Gan dy,
cac ky thuat hoc may — dac bi¢t 1a mang no-ron
nhan tao (Artificial Neural Network — ANN) —
da duoc ap dung va cho thdy nhiéu tiém ning
nho kha ndng mo hinh hoa cac quan hé phi
tuyén phtc tap. Tuy nhién, cic md hinh ANN
dat do chinh xéc cao thuong co kich thude 16n,
doi hoi nhiéu tai nguyén tinh toan, dan dén kho
khan trong viéc trién khai thuc té trén cac thiét
bi giam sat phan tan hodc hé théng diéu khién
tai xuong, von yéu cau do tré thip va dung
lugng nho.

Bai bao nay dé xuat mot phuong phap
moéi nham giai quyét dong thoi hai myc tiéu
quan trong trong thiét ké mo hinh ANN cho
bai toan du doan d nham bé mat sau khi tién

thép SUM24L: (1) giam sai sé duy doan va
(2) gidm kich thudc mo hinh sau khi ap dung
ky thuat lugng tir hoa hau huén luyén (Post-
Training Quantization). Phuong phap dugc xay
dung dya trén thuat toan tdi wu hoa da muc tiéu
NSGA-II, cho phép tu dong tim kiém tap hop
céc kién tric ANN Pareto ti wu vé ca hai khia
canh néu trén. Pay 1a hudng tiép can phu hop
v6i yéu cau trién khai thyc té trong moi trudng
san xuit théng minh theo dinh huéng Cong
nghiép 4.0. Cau triic cia bai bao nhu sau: Phan
2 trinh bay tong quan cac cong trinh lién quan.
Phén 3 mo ta quy trinh t6i vu hoa dé xuat. Phan
4 trinh bay két qua thuc nghiém va phan tich.
Cudi cung, Phan 5 dua ra két ludn va hudng
phat trién trong tuong lai.

2. TONG QUAN TIiNH HINH NGHIEN CUU
2.1. Cac md hinh du doan do nham bé mit

Du doan @6 nham bé mat tir cac thong
s6 cat 1a mot chi dé duoc nghién ciru rong rai
trong linh vuc gia cong co khi. Cac phuong
phap thong ké truyén thong nhu RSM va
phuong phap Taguchi di duoc st dung dé xay
duyng mé hinh thyc nghiém giita cac bién dau
vao va dau ra. Mic du c6 wu diém vé tinh don
gian va kha nang giai thich, cic mé hinh nay
thuong gia dinh tuyén tinh hodc gan tuyén tinh,
dan dén han ché trong viéc mo hinh hoda cac
mdi quan hé phi tuyén dic trung trong qué trinh
cat got kim loai.

Dé khic phuc diém yéu nay, cac ky
thuat hoc may va tri tu¢ nhan tao da dugc tng
dung nhiam nang cao kha ning dy doan. Trong
s6 d6, cac mo hinh nhu mang ANN, may vector
hd trog SVM, va hé suy luan thich nghi neuro-
mo (Adaptive Neuro-Fuzzy Inference System
— ANFIS) [1] di cho thiy hiéu qua vuot troi.
Trong cac nghién ctru gan day, ANN ndi 1én
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nhu mot cong cu pho bién do kha niang hoc phi
tuyén manh mé, dac bi¢t phu hop voi dir ligu
gia cong c6 tinh nhiéu va bién dong cao [2].

2.2. T6i wu héa da muc tiéu va NSGA-II

Trong nhiéu bai toan ky thuat, bao gdm
ca thiét ké mo hinh du doén, viéc tdi wu dong
thoi nhiéu muc tiéu — chéng han nhu d¢ chinh
xéc va do phire tap ctia mo hinh — 13 yéu cau phod
bién. THi uu hoa da muc tiéu (Multi-Objective
Optimization — MOO) la cach tiép can cho phép
xtr Iy cac muc tiéu mau thuin bang cach tim ra
mdt tip nghiém khong bi chi phéi 1an nhau, tao
nén mat phang Pareto t6i wu.

Trong sb cac thuat toan tién hoa phuc
vu MOO, NSGA-II (Non-dominated Sorting
Genetic Algorithm II) [a mot trong nhiing thuat
toan ndi bat nho kha nang hoi tu nhanh, phan
tan nghiém t6t trén bién Pareto va chi phi tinh
toan hop 1y [3]. NSGA-II da duoc ap dung hi¢u
qua trong nhiéu linh vyc ky thuat nhu thiét ké
mach, diéu khién hé théng va toi wu kién trac
mang no-ron.

2.3. Nén mo6 hinh va luwgng tir héa cho thuc
thi tri tué nhén tao trén céc thiét bi bién

Trong béi canh san xuat thong minh,
cac md hinh hoc may khong chi can chinh xac
ma con phai du nhe dé trién khai trén cac thiét
bi bién hodc cac hé théng giam sat nhung. Viéc
nén mo hinh trd thanh mot yéu cau thiét yéu
nham giam do tré, tiét kiém nang lugng va
giam chi phi phan ctng.

Trong $6 cac ky thuat nén, lugng tir hda
12 mot phuong phép phd bién va hiéu qua, cho
phép chuyén d6i mé hinh tir dinh dang s6 thuc
32-bit sang cac dinh dang sd nguyén 16-bit
hodc 8-bit ma khong 1am suy giam dang ké do

chinh xac. Diéu nay gitip giam kich thudc mo
hinh va tang toc d6 suy luan [4]. Cac nén tang
nhu TensorFlow Lite d3 hd trg manh mé& cho
lugng tir hoa sau hudn luyén, gitp trién khai dé
dang cac mo hinh nén trén thiét bi thuc.

2.4. Dong gop cia nghién ciru

Mac du da co6 cac nghién clru riéng 1¢
ung dung ANN trong du doan d§ nham bé mit,
hodc su dung NSGA-II dé t6i uu cac tham s6
mo hinh, hién chua c6 cong trinh nao két hop
mot cach hé théng hai huéng tiép can nay dé
giai quyét bai toan tdi wu dong thoi do chinh
xac va kich thudc mo hinh sau lugng tir hoa,
dic biét trong boi canh gia cong thép SUM24L.
Nghién ctru d& xuat mot quy trinh ty dong thiét
ké va nén cac mo hinh ANN dua trén NSGA-
II, tir d6 tao ra cac mod hinh Pareto tdi wu co
thé trién khai truc tiép trong hé thong san xuat
thong minh.

3. PHUONG PHAP NGHIEN CUU
3.1. Thu thép va tién xir Iy dir liéu

B§ dit li€u sir dung trong nghién ctru
dugc thu thap tir qua trinh ti€n thyc nghiém
thép SUM24L (chi tiét da dugc trinh bay trong
cong trinh trude day ctia nhom tac gid). Tap dir
liéu bao gdm 27 mau, mdi mau tuong tng véi
mot to hop thong s6 cat va két qua do do nham
bé mit tai 5 vi tri khac nhau. Cu thé:

« Pau vao: Ba thong s6 cong nghé¢ gém
tbc do cat v (m/min), chiu sau cit t (mm) va
luong chay dao s (mm/rev).

« PAu ra: Nam gia tri d0 nham bé mat
Ral dén Ra5 (um).

* Dir liéu dugc chia thanh hai tap: 80%
cho huan luyén va 20% cho kiém thir. Cac dic
trung dau vao duoc chudn hoa va dua vé dang
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phan phdi chuan, gitp ting do 6n dinh trong
huan luyén mang no-ron.

3.2. Quy trinh tdi wu héa dé xuat

Quy trinh t6i wu hoa 1a bai toan t6i uu
hoa da myc tiéu, va duoc giai quyét bang thuat
toan NSGA-II. Mdi c4 thé trong quan thé dugc
biéu dién bﬁng mot vector sd thuc, mé hoa cho
c4 thé. Mdi ca thé bao gdm céu triic mang no-
ron (nhu sd 16p 4n, s6 no-ron trén mdi 16p,
loai ham kich hoat) va chién luoc lugng tir hoa
tuong tng (vi du: sb bit lvong tir hoa, ky thuat
anh xa). Quan thé ban dau duoc khoi tao ngiu
nhién va sau do tién hoa qua céac thé hé theo co
ché chon loc tu nhién. Trong mdi thé hé, céc ca
thé dugc giai ma dé xay dung mo hinh ANN cu
thé, mo hinh nay dugc huén luyén trén tap dir
liéu huin luyén va tiép tuc dugc lugng tir hda
bang k¥ thuat luong tir héa sau huin luyén st
dung TensorFlow Lite.

Sau khi lugng tir hoéa, hi¢u nang cua
tung ca thé duoc danh gia dya trén hai muyc tiéu
canh tranh: d6 chinh xac duy doan va d¢ nho gon
cua mo hinh. BJ chinh xac dugc dinh lugong
thong qua Sai sé Trung binh binh phuong
(Mean Squared Error — MSE) trén tap dir licu
kiém tht doc 1ap, trong khi d§ nhé gon duoc
do bang kich thudc ciia tép mo hinh sau luong
tor hoa. Cac gia tri muc ti€u cua toan bo qu?ln
thé duoc truyén lai cho thuat toan NSGA-II,
noi chung duoc xir Iy théng qua co ché sap xép
khong chi phéi va tinh toan khoang cach chen
chtic dé chon loc cé thé cha me. Céc ca thé con
sau d6 dugc tao ra bang cac toan tir lai ghép va
dot bién. Qua trinh lap tiép tuc cho dén khi dat
dén diéu kién dung dinh trude, chéng han nhu
s6 thé hé tdi da hodc sy hoi tu cua tap nghi¢m
Pareto.

3.2.1. Pinh nghia bdi todn t6i wu

Bai toan toi wu hoa trong nghién ctru
nay dugc phat biéu duéi dang tdi wu hoa da
muc tiéu v6i hai ham muc tiéu can duoc dé)ng
thoi cuc tiéu hoa. Cu thé, bai toan c6 dang:

minF (x) = [f1(x), f(x)]

Trong d6, 1a x 1a mot vector quyét dinh,
dai dién cho mot cau hinh tiém ning ciia mb
hinh mang no-ron nhan tao (ANN) va chién
lugc lugng tor hoa tuong ung. Ham muc tiéu
F(x) bao gém hai thanh phan: f(x) la sai sO
trung binh binh phuong (Mean Squared Error
— MSE) ciia md hinh trén tap dir liéu kiém thir,
phan dnh mtrc d§ chinh xac trong dy doan.

* £(x) 1a kich thuéc mo hinh sau lugng
tir hoa, dugc do bang so byte, biéu thi d nho
gon cia md hinh va muc ti€u ton bd nhd luu
trir.

Khong gian tim kiém ctia bai toan duoc
xéac dinh bai cac gia tri kha di cua vector quyét
dinh (x) bao gém: (i) cac siéu tham sb kién
truc cua mang no-ron, cy thé 1a sd luong 16p
an (gioi han tir 1 dén 3 16p) va s6 luong no-ron
trong mdi 16p (chon tir cac gia tri trong khoang
tir 8 dén 128, 1a boi s6 cua 8); va (i) mirc luong
tir hoa, duoc lua chon tir ba mirc d0 do chinh
xac: 8-bit, 16-bit hodc 32-bit. Cac rang budc
nay tao thanh mot khong gian tim kiém roi rac
nhung c6 thé mé hoa hiéu qua trong khudn khod
cta thuat toan tién héa. Muc tiéu cubi cung la
xéac dinh tap hop cic nghiém khong chi phdi
(Pareto-optimal solutions), thé hién su danh doi
hop 1y gitta d chinh x4c dy doan va do nho
gon cua mo hinh.

3.2.2. Ciu hinh thugt toin NSGA-II

Thuét toan NSGA-II trong nghién ctru
duoc trién khai bang thu vién pymoo, mdt cong
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cu t6i wu hoa da muc tiéu ma nguén md manh
mé va linh hoat. C4u hinh thuat toan dugc thiét
lap nhim dam bao kha ning kham pha khong
gian tim kiém hiéu qua va dat dugc tap nghiém
Pareto 6n dinh sau sb thé hé gi6i han.

Cu thé, kich thudc quan thé dugc dit 1a
30 ca thé, nham duy tri da dang di truyén trong
khi van dam bao chi phi tinh toan hop 1y. Qua
trinh tién hoa duogc thuc hién trong 25 thé hé,
du dé cho phép thuat toan hoi tu dén mot tap
nghiém khong chi phéi ¢ chét luong.

Trong qua trinh tao sinh thé hé mai,
todn tu lai ghép dugc st dung la Simulated
Binary Crossover (SBX) v6i hé s6 phan phdi 1
= 15 va xac suit lai ghép 13 0.9, nhiam khai thac
hiéu qua thong tin tir cac c4 thé cha me. Toan tur
dot bién duoc ap dung dudi dang Polynomial
Mutation véi hé s6 n = 15, va xdc suat dot bién
duoc thiét 1ap tu dong theo sb luong bién trong
vector quyét dinh, dam bao mic do nhidu vira
du dé duy tri kha nang kham pha.

Chién lugc chon loc cé thé dya trén co
ché chon loc giai diu (Tournament Selection)
két hop voi thuat toan sap xép khong chi phdi va
tinh khoang cach chen chiic cua NSGA-II tiéu
chuén. CAu hinh nay cho phép thuit toan duy tri
cin bang giita kha nang khai thac (exploitation)
va kham pha (exploration) trong qué trinh tbi
uu héa da muc tiéu.

3.2.3. Hudn luyén va lwong tir héa mang no-
ron

Qua trinh huén luyén mang no-ron
duoc thuc hién béng thu vién Keras, st dung
thuat toan t6i wu Adam va ham mat mat 1a sai
sO trung binh binh phuong (Mean Squared
Error — MSE). Pé ngin ngira hién tuong qua
khép chién luge dimg som duoc 4p dung, theo

doi sai sb trén tap kiém thir va tu dong dimg
huan luyén khi hiéu suat khong con cai thi¢n
sau mot sO epoch lién tiép.

Sau khi hoan tat huan luyén, mo6 hinh
dugc chuyén d6i sang dinh dang TensorFlow
Lite (TFLite) bang cong cu TFLiteConverter.
Qua trinh chuyén dbi nay dong thoi 4p dung
ky thuat luong tir hoa sau huan luyén (post-
training quantization) véi ba muc do dugc hd
trg: 8-bit integer, 16-bit float, va gilr nguyén do
chinh xé&c 32-bit float. Cac muc lugng tir hoa
nay tao diéu kién thuan loi cho viéc danh d6i
gitta d§ chinh xac cua md6 hinh va d¢ nho gon
khi trién khai trén céc thiét bi dau cudi c6 tai
nguyén han ché.

4. KET QUA DU POAN
4.1. Két qua vé cac giai phap Pareto t6i wu

Hinh 1 trinh bay biéu do Pareto Front
hai chiéu thé hién mdi quan h¢ gitra kich thudce
md hinh (tinh theo kilobyte, truc hoanh) va sai
s6 du doan MSE (truc tung). Mdi diém trén
d6 thi biéu dién mot giai phap nam trén bién
Pareto — nghia 13 khong ton tai giai phap nao
khac c6 thé dong thoi cai thién ca do chinh xéac
va muc tiéu ton tai nguyén.

W0 phing Farete i was Trasbe ofl ghis G chink s v K B Mol

™ Lawl (il phay
e - ma ST ——

B | vy

s by s el

Hinh 1. Biéu d6 Pareto Front 2D: Sai sé du dodn
(MSE) so voi kich thuoe mo hinh (KB)

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 331, thang 8 nim 2025 WPER

cokhivietnam.vn



NGHIEN CUU - TRAO DOI

Nhiam 1am rd hon dic diém céc chién
luogc thiét ké, Bang 1 tong hop ba giai phap dai
dién cho ba khuynh hudng ddi 1ap: mé hinh c6
d6 chinh x4c cao nhat, mo hinh nhé gon nhat,
va mot giai phap cén bang hop 1y giita hai tiéu
chi.

Badng 1. Tém tdt cdc gidi phdp Pareto-toi wu

tiéu bieu
Giai Kich trlflie(nsf') Sb
phap MSE thwoc no-ron tham
(KB) | maitep) | 0
Chinh [40, 16,
de nhét 0.035496 | 6.52 40] 293
Gon nhe
nhit 0.958995 | 2.19 [8] 29
Can bé"lng 0.240387 | 3.34 [8, 24] 101

Két qua trén Hinh 1 phan anh 16 rét dac
trung danh d6i gitta do chinh xac va do phirc
tap mo hinh. Cu thé, mé hinh chinh xac nhét
c6 sai s6 thap nhat (MSE = 0.035) nhung doi
hoi kich thudc bd nhé 1én hon ba lan so véi
md hinh nho gon nhét. Nguoc lai, md hinh gon
nhe nhét chi tiéu tén 2.19 KB, nhung do chinh
xéc suy giam dang ké vi MSE 1én dén gan 1.0.
Giai phap can bang c6 sai sb vira phai (MSE
= 0.240) trong khi van duy tri kich thuéc &
muc tiét kiém (3.34 KB), cho thiy day 1a mot
phuong an thyc tién cho cac hé thong nhiing
hodc thiét bi co6 han ché vé tai nguyén phan
cung.

Tir céc ket qua trén, c6 the khang dinh
rang khong ton tai mot mo hinh “tot nhat tuyét
d6i”, ma viéc lya chon kién tric phu hop phu
thuoc vao bdi canh ung dung: uu tién do chinh
xéac (vi du, hé thong kiém tra chat luong trong
cong nghiép) hay wu tién dung lugng b nhéd va
tbc d6 (vi du, thiét bj IoT bién hodc cam bién
thong minh).

4.2. Két qua phan tich dy dodn véi cac md
hinh tiéu biéu

bé danh gia sau hon hi¢u nang dy doan
clia cac giai phap Pareto-tdi wu, ba mo hinh tiéu
biéu dugc chon gdm: (A) Chinh x4c nhat, (B)
Nho gon nhit, va (C) Can bing nhat.

M&i mé hinh duoc huin luyén va ap
dung dé du doan gia tri d nham bé mat Ra trén
tap kiém tra (test set). Két qua duoc tryc quan
hoa dudi dang biéu d6 Du doan so véi Thuc
té. Pay 1a mot cong cu truc quan quan trong dé
danh gia kha nang khai quéat héa va do chinh
xé4c tuyét d6i cia mo hinh. Trén mdi biéu do,
h¢ s6 x4c dinh R* dugc tinh va hién thi dé do
ludong mirc d6 khép giira dau ra mo hinh va dir
li¢u that.

G g Wb SuBt e WA Wimh Thu Bk trin Thp Kl bra

Hinh 2. Biéu dé duw dodn véi thuc té trén tap kiém
tra cho ba mé hinh tiéu biéu.

Ba biéu do trong Hinh 2 cho thay 16 sy
danh dbi gitta do chinh xac va do phic tap cua
mo hinh. M6 hinh (A) ¢6 hiéu ning tot nhit
nhung chi phi tai nguyén cao, md hinh (B) cuc
ky nhé gon nhung chinh xac viura phai, trong
khi mé hinh (C) cung cip giai phap dung hoa
v6i higu nang 6t va tai nguyén hop 1y. Lua
chon gnra ba m6 hinh can dya vao rang budc
cu the cua ting Ung dung vidy, hé thong bién
yéu cau nhe, hay hé théng kiém tra chit luong
yéu cau do chinh xéc cao.

4.3. Panh gia qua trinh hgi tu cia thuat toan

Hinh 3 trinh bay tién trinh hoi tu cta
thuat toan NSGA-II théng qua ba chi sd dic
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trung dugc ghi nhan trong sudt qua trinh tién
hoa: gia tri Hypervolume, MSE t6i wu va so
lugng ca thé ndm trén Pareto front tai moi thé
h¢.

Ol trink H§ Ey cls Thudt fods BEGA-11

Hinh 3. Qua trinh hoi tu cua thudt toan NSGA-I11

Két qua cho thdy Hypervolume ting déu
theo thoi gian, phan anh sy cai thién lién tuc vé
ca chat luong 1an d6 da dang cua tap nghiém
Pareto. Mitic ting nhanh trong giai doan dau
cho thiy thuat toan khai dau hiéu qua va nhanh
chong xac dinh duoc cac ving tiém ning trong
khong gian tim kiém. Song song d6, MSE tdi
wu c¢6 xu hudng giam dan, ching to thudt toan
dan tiép can cac nghiém c6 sai sé du doan thap
hon. Qua trinh giam din ra 6n dinh, dic biét rd
rét trong cac thé hé dau, trude khi hoi tu dan vé
gia tri tiém can.

Téng theé, Hinh 3 cung cip bang chimg
thyc nghiém vé kha niang t6i wu hoa bén viing
va hi¢éu qua cua thuat toan NSGA-II. Viéc déng
thoi cai thién ba chi s trén trong sudt qua trinh
tién hoa 1a ddu hiéu cho thay sy can bang hop
ly giita hai yéu té cdt 151 trong thuét toan tién
hoa: khai pha khong gian nghiém va khai thac
cac vung ti vu cuc bo. Didu nay cung c¢b do tin
cay cua tap nghi¢m Pareto thu dugc va la co s&
cho céc phan tich chi tiét d trinh bay trong cac
muc trudc.

5. KET LUAN

Nghién clru nay da trinh bay mot
phuong phép luan hé thong nham ty dong hoa
qua trinh thiét ké cdc mé hinh mang no-ron
nhan tao (ANN) tdi vu cho bai toan du doan
d6 nham bé mat. Bang cach mo hinh hoa bai
toan nhu mot bai toan ti wu hoa da muc tiéu
va 4p dung thuat toan NSGA-II, quy trinh d&
xuat cho phép ddng thoi tim kiém céc cau hinh
mang hi¢u qua ca vé d6 chinh xac va do nho
gon, phu hop vdi cac yéu cau trién khai trong
thuc té.

Céc két qua thyc nghiém cho thay rang
phuong phap dé xuat di thanh cong trong viée
tao ra mot tap hop cac nghiém Pareto-t6i uu,
thé hién rd rang mdi quan hé dénh doi giira sai
s6 du doan va kich thudc mo hinh sau luong
tr hoa. Ngoai ra, mot sd cau hinh tiéu biéu da
duoc xac dinh, dai dién cho cac lua chon kha
thi cho cac muc tiéu ung dung khac nhau: tur do
chinh xac cao dén trién khai gon nhe trén thiét
bi nhiing.

V& mit thuc tién, phuong phap nay
cung cAp mot cong cu hitu ich va c6 kha ning
mo rong cho cac k§ su va nha nghién ctu
trong linh vuc san xuit théng minh. Viéc tich
hop quy trinh t&i wu hoa ty dong véi lugng tir
héa mo hinh gitp rat ngan thoi gian phat trién,
dong thoi dam bao hiéu suat mo hinh pht hop
v6i cac rang budc phan cimg trong méi trudng
cong nghiép.

Tuy nhién, nghién ctru van con ton tai
mot s han ché. Bo dir liéu sir dung trong huén
luyén c6 quy mé twong ddi nhé va chi bao gdm
ba thong sb dau vao co ban, chua phan anh day
du cac yéu to anh huong trong quéa trinh gia
cong. Trong cac nghién ctu tiép theo, co thé
mé rong bo dit liéu véi nhiu didu kién van
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hanh hon (nhu d6 mon dao, mirc rung dong),
ddng thoi kham phéd cac kién trac mang tién
tién hon nhu LSTM hodc Transformer dé cai
thién kha ndng mo hinh hoa. Bén canh do, viéc
danh gia hiéu nang trién khai thuc té cua cac
mo hinh d lwong tir hoa trén phan cing cu thé
(vi du: thoi gian suy ludn, muc tiéu thy ning
lwong) ciing 1a mot huéng phat trién quan trong
nham dam bao tinh kha thi khi tmg dung trong
mdi trudng san xudt thyec.
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