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TOM TAT

Dan dét la mot cong doan cot 16i cua nganh dét may nhung van khé tu dong hoa, dac biét
trong viéc chuyén doi thiét ké vdi thanh cdc chi dan dan c6 thé thuc thi bang mdy. Nghién ciru nay
dé xudt mot pipeline dan ddo ngwoc hai giai doan, dinh huwdng img dung robot va co dién tir, nham
tich hop thi gidc may véi hé thong dan tw dong.

Pipeline gom giai doan nhdn dang nhan miii dan mdt truée tiv anh vdi va giai doan suy ludn
nhéan ddy dii mang tinh cau triic, dam bdo khd nang dan dwoc trén may dan phang diéu khién so.
Thiét ké mé-dun cho phép hé thong dé tich hop vao day chuyén san xudt va mé réng cho cdc kich
ban cong nghiép.

Phuong phdp dwoe danh gid trén ca mdu soi don va da soi, cho thdy khd ning thl'ch Li"ng tot
voi sy da dang cau truc va vat lieu. Cac thach thu"c trong tu dong héa dét may nhw mdt cin bang
nhén, miti dan hiém va yéu cau kiém sodt chi tiét dwoc giai quyét thong qua cdc kién tric hoc sdu
phu hop voi dac thu co hoc cua qua trinh dan.

Nghién ciru dét nén méng cho cdc hé thong robot dan dét tw dong hoan toan, hirdng téi san
xuat dét may thong minh, linh hoat va tuy bien cao.

Tw khoa: Dan dét tw dong; Hoc sau; Mang doi sinh; Mang no-ron du; Ky thudt vai.
ABSTRACT

Knitting is a core process in textile manufacturing, yet remains difficult to automate,
particularly in translating fabric designs into machine-executable knitting instructions. This
study proposes a two-stage reverse knitting pipeline, oriented toward robotic and mechatronic
applications, to integrate machine vision with automated knitting systems.

The pipeline consists of a front-side stitch label recognition stage from fabric images and a

structural inference stage that reconstructs complete knitting instructions, ensuring knittability on
computer-controlled flat knitting machines. Its modular design enables seamless integration into
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automated production lines and supports scalability across industrial scenarios.

The proposed method is evaluated on both single-yarn and multi-yarn fabric samples,
demonstrating robustness to structural and material variability. Key challenges in robotic textile
automation, including label imbalance, underrepresented stitch types, and fine-grained structural
control, are addressed through deep learning architectures tailored to the mechanical characteristics

of the knitting process.

This work lays the foundation for fully automated robotic knitting systems, enabling
intelligent, flexible, and customizable textile manufacturing.

Keywords: Automated knitting, Deep learning; GAN, ResNet,; Fabric engineering.

1. PAT VAN PE

Nghién ciru nay nham phat trién mot
quy trinh hoc sau hai giai doan cho bai todn dan
dao nguoc, chuyén ddi anh vai dan thuc thanh
cac nhan mili dan c6 thé str dung cho may dan.
Quy trinh gdm giai doan sinh dé du doan nhan
mat trude va giai doan suy luan dé tao nhan day
du. Muc tiéu la nang cao do chinh xac du doan
trén cac cdu tric soi da dang, giai quyét thach
thirc ciia mau soi don (sj) va da soi (mj), dong
thoi danh gia kha nang xur 1y dir liéu mat cin
bang va kha ning khai quat hoa trong thuc té.

Nghién ciru tp trung vao ba van dé
chinh: (i) thiét ké hiéu qua quy trinh hoc sau
hai giai doan cho chuyén d6i anh vai-nhan mii
dan; (ii) t6i uu hoa hiéu ning thong qua céac
Iira chon thiét ké nhu ham mat mat, huan luyén
theo loai soi va kién tric mé hinh; (ii1) danh gia
kha néng thich tmg cia quy trinh véi cac rang
budc thuc té nhu dir 1iéu mat can béng va cac
loai soi chua biét.

Cac nghién ciru ban diu, tiéu bicu
la Kaspar va cong su [2], dé xuét kién trac
Refiner+Img2prog dua trén SImnGAN [3] dé du
doén nhan mat trudc tr anh thyc, nhung con
han ché do mat can bang dir liéu va bai toan
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mot-nhiéu, vén bi khuéch dai boi cac chién
luge MIL [2]. Cac hudng tiép can gan day tap
trung vao ham mat mat chit ch& hon nham cai
thién do chinh xac. Céac nghién ctru cua Trunz
va cong su [4], Melnyk [5] m& rong cac phuong
phap GAN [6] dé mo hinh hoa dic tinh soi va
phong cach vai; CNN va LSTM [7] dugc dung
dé nam bat quan hé khong gian va phy thudc
theo hang. Tuy nhién, cac cong trinh nay chu
yéu phuc vu tao sinh miii dan.

O giai doan suy luan, logic gita cac
mili dan 13 yéu t6 then chdt. Cac mé hinh luéi
miii dan [8, 9], kién trac du [10] va cac phuong
phép tr mo6 hinh 3D sang tap Iénh dan [11] da
dugc dé xuat, song van ton tai cic han ché vé
dai dién nhan hiém, kha nang mé rong cho da
s¢i va hi¢u qua tinh toan [2, 4, 5, 11]. Do do,
nghién ctru nay vu tién CNN du, UNet va CNN
da tﬁng dé khai thac phu thudc cuc bg gitra cac
mili dan, st dung kernel 3x3 nham dam bao
tinh 6n dinh va hiéu qua tinh toan.

2. THU THAP VA CHUAN BI DU LIEU
Quy trinh thu thap va chuan bi dir liéu

bao gdm viéc xay dung dir liéu chuan (ground
truth) va xéc dinh cac khai niém lién quan dén

soi va mii dan. Nhu minh hoa trong Hinh 1, ¥~
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di liéu chuan gém bdn thanh phan: nhin day
du (complete label) do chuyén gia thiét ké va
lam nén tang; nhan mat trude (front label) dugc
suy ra thong qua anh xa; anh dung (rendering
image) dugc tao tr nhan dé‘ly du; va anh thuc
(real image) thu dugc bang cach dan nhin day
dua thanh vai vat ly.

Anh thye

Mhin mt v
TR iy di sudr

Hinh 1. Quy trinh xu ly dir liéu

Céc thanh phan dir lidu duoc xay dung
c¢6 hé théng théng qua anh xa nhan, dung hinh
va dan mau thuc. Bo dir liéu dugc phan loai
theo loai soi va mau mili dan, bao gdm sgi don
(sj) va da soi (mj), trong d6 mj dugc chia thanh
2i, 3j va 4j. Do han ché san xuat, hau hét ciu
trac vai sir dung it hon bon mau sgi. Mdi mau
dir liéu trong trng voi mot ludi miii dan 20%20,
trong d6 cac miii nhu FK, BK,... phan anh chi
tiét cau triic vai.

Nham khic phuc han ché vé sb luong
anh thyc trong bd dir li¢u cua Kaspar (1043
anh mat trudc), nghién ctru st dung tang cuong
dir liéu bang anh chuyén d6i (Hinh 2). Ca anh
dung va anh chuyén d6i déu dugc tao tir nhin
day du bang phian mém mlplus caa Stoll [1].
Céc anh chuyén dbi dong vai tro thay thé anh
thuc, cho phép xay dung bd dir liu 16n va can
béang hon, tir 46 ning cao do tin cdy trong huin
luyén va danh gia mo hinh.

Nhin day du khong duoc cung cip truc
tiép ¢ dang tho ma duoc suy ra tir nhan day dua
c6 mau thong qua gdp nhan (label aggregation).
Qua trinh nay giit lai thong tin cdu trac mii dan
va loai bo thong tin mau. Cach tiép cin nay
gitip don gian hoa bai toan bang cach tap trung
vao ciu trac miii dan, khong xét dén nhan dang
mau sac.

Nhén dang mau soi khong nim trong
pham vi nghién clru; trong tdm cua nghién ctru
1a x4c dinh céu trac mii dan phuc vu tao chi
dan dan.

Anh chuyén déi

Hinh 2. So sanh giita anh chuyén tiép va anh thic
2.1. Thu nhan anh

Anh dung dugc tong hop bang phan
mém mlplus ciia Stoll [1], mé phong ciu trac
vai a0 tir nhan day di. Sau khi nhap nhin,
mlplus tao ra cac anh dung tuong Ung, dong
vai tro 1a dau ra trung gian, gitip thu hep khoang
cach gitra thiét ké ao va dir liéu dan thuc té.

Anh thuc dugc tao biang may dan phang
diéu khién sb cua Stoll, 1ap trinh truc tiép tir
dau ra ciia mlplus. Dé ting hiéu qua, nhidu
mau duogc dan trén cing mot tim vai (Hinh 3),
sau d6 cac ving quan tam (ROI) duoc dénh déu
thii cong dé tach timg hoa van. Anh duoc chup
bang iPhone 16 Pro Max & ché 40 RAWMAX,
trong hop chup kiém soat anh sang, nham dam
bao chét luong cao cho cac bude xir Iy tiép
theo.
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Hinh 3. Tam vai dan vt Iy
2.2. Phén b loai s¢i va miii dan

Bo dit liéu gdm 4.950 méiu (Hinh 4),
bao gém 3.000 méu soi don (sj) va 1.950 miu
da soi (mj). Cac méu sj dugc phan bd déu trén
10 nhoém mtii dan (Hem, Movel, Miss, Cablel,
Links2, Move2, Cable2, Mesh, Tuck, Links1),
v6i khoang 300 mau mdi nhom. Mic du c6 bo
dir liéu sj 16n hon (12.392 mau) tir Kaspar va
cong su [2], sé méu sj dugc giéi han dé dam
bao can bang voi mj, hd tro huin luyén hiéu
qua.

Cae logn miu mibidan khac nhan

3000

1500

56 Iwong

(1]

S

Min dan

Hinh 4. Phén bé cdc logi soi

Phan bd nhdn cho thidy mét can bang
dang ké (Hinh 5). V&i nhan mat trudoc, FK

chiém khoang 75%, trong khi cac nhan khac
bi thiéu dai dién. Twong tw, & nhan day du, FK
chiém 46,5%, tiép theo 1a FK.MAK (27,1%),
con lai ¢6 tan suét thap. Sy mit cin bing nay
phan anh dic thu dit liéu dét may thuc té va cho
théy su can thiét cua cac chién lugc huin luyén
manh mé& dé giam anh hudng tiéu cuc dén hiéu
nang mo hinh.

Sb hrgmg plin tin mjt mnric trong lich in)

54l

54 hagmg phdn tir &y i trong Koh (b}

56 hegmg
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(b)
Hinh 5. Phdn bé cdc miii dan cho nhédn mdt trée (a)
va nhan day du (b)

3. THIET LAP THi NGHIEM VA KET QUA

Thi nghiém dugc thuc hién trén
NVIDIA RTX 2070, moi truong Windows 11
+ WSL2 (Ubuntu 18.04), st dung TensorFlow
1.11, CUDA 9.0 va cuDNN 7.1.

Bang 1. Két qua ciia cdc mé hinh dwoc sir dung trong giai doan sinh

M5 hinh Kicll:lgllllré’c tSfallLrg)s’lég Th(‘gl)gian Cll:‘ilsﬁ
RFI véi cdu trac phirc (complex), tham sé o = 0,5. 12,392 | 2,934,605 |  6.50 90.2%
gﬂ:ﬁlgﬁgﬁgﬂtgﬁsﬁ ilfjgri‘)lflg’ khong data 12392 | 2,934398 | 500 | 97.3%
RFINet nhin mit trudc, transfer learning, MIL, 160k mau. 4950 2,934,398 3.00 82.1%
RFINet (nhidn mat trude, transfer learning, 160k mau). 4950 2,934,398 3.00 83.1%
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Két qua (Bang 1) cho thay viéc giam
khong gian nhan xudng 14 nhan mit trudc, két
hop anh xa truc tiép anh thuc—anh dung va ting
cuong dit liéu bang transfer images, giup nang
F1-score tir 90,2% 1én 97,3% so vo1 mo hinh co
s0.

Trén tap dir liéu chon loc 4.950 mau
(sjtmj), moé hinh RFINet front xferln 160k
(khong MIL) dat Fl-score 83,1%, cao hon
phién ban c6 MIL (82,1%), dac biét cai thi¢n
du doan cac nhan hiém. Do d6, mé hinh nay
duoc chon cho giai doan sinh.

4. KET LUAN

Nghién ctru nay di giai quyét cac thach
thirc c6t 16i ciia bai toan dan ngugc (reverse
knitting) thong qua viéc dé xuat mot pipeline
hai giai doan dang mo-dun, trong do6 tach biét
rd rang gilta sinh nhan mat trude va suy luan
nhin day du. Pipeline khai thac hiéu qua cac
mo hinh CNN du, cho phép nim bit cac phu
thudc khong gian gitra cac miii dan va sinh ra
céc chi dan dan c6 d6 chinh xac cao. Két qua
dat Fl-score 83,1% trong Kich ban 1 va Ién
to1 97,0% trong Kich ban 3, trong d6 kha nang
hiéu chinh 16i cta giai doan suy luan déng vai
tro then chdt trong viéc dam bao tinh kha thi
(knittable) ciia dau ra.

Trong tuwong lai, cAn md rong tap dir
liéu, dic biét 1a cdc mau da soi (multi-yarn);
giai quyét bai toan mat can bang nhin; va ap
dung céc ky thuat ting cuong dir liéu nhu xoay
anh hodc diéu chinh do sang.

Hién tai, pipeline van bi giéi han boi
kich thudc dau vao ¢ dinh (160x160) va ludi
mili dan 20x20. Do do, cac huéng nghién ctru
tiép theo c6 thé tap trung vao viée xir 1y kich
thude bién thién thong qua cac mé hinh phat
hién ddi twong tu dong phat hién va gan nhan

timg mili dan. Nhitng hudng phat trién nay mo
duong cho cic h¢ thong san xuat dét may tu
dong va tuy bién cao, déng thoi tao tién dé mo
rong sang cac quy trinh lién mién nhu dét thoi
va théu. %
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