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TOM TAT

Tén dé tai:
XAY DUNG HE THONG TU PONG PHAT HIEN VA PHAN LOAI PIEM DEN
TREN BE MAT SAN PHAM

Sinh vién thuc hién 1: LE DUC ANH

S thé SV: 105200290 L6p: 20TDHI
Sinh vién thyc hién 2: PHUNG QUOC KHANH

Sb thé SV: 105200497 L6p: 20TDHCLC4

Trong xu thé phat trién manh mé& cua coéng nghiép 4.0, cac dy chuyén san xuét
hién dai dang ngay cang uu tién ap dung cong ngh¢ tuy dong hoa va thi giac may tinh
nham nang cao hiéu suat, chat lugng san pham ciing nhu giam thiéu chi phi véan hanh.
Xuat phat tir thyc tién san xuét tai Cong ty Luxshare ICT — Ngh¢ An, noi san xuat hang
loat cac san pham nhua vo ngoai cho thiét bi dién ti, nhém sinh vién thuc hién dé tai da
phat hién ra mot bai todn ndi bat: kiém tra va phat hién 16i “diém den” — mot dang khuyét
tat ngoai quan pho bién nhung khé phat hién, anh hudng tryc tiép dén chat luong tham
my va gia tri thuong mai ctia san pham.

Pé tai tap trung vao viéc nghién ciru, thiét ké va ché tao mot he thong tich hop gitra
phan cing va phan mém, c6 kha nang ty dong hoa quy trinh kiém tra bé mat san pham
theo tiéu chuan cong nghiép. He thong bao gém ba khdi chinh: (1) Co ciu phan cling
diéu khién boi vi diéu khién ESP32 két hop dong co servo va stepper; (2) Hé thong
camera thu nhan anh san pham va giao tiép voi may tinh; (3) Phin mém xir 1y anh trén
may tinh (viét bang Python sir dung OpenCV, rembg, PIL...) dam nhiém nhiém vy nhan
dién, phén tich va danh gi4 diém den trén anh.

Hé thong c6 thé van hanh & hai ché d6: Tu dong (Auto) — cho phép kiém tra toan
bd 5 mit ciia san pham (trudc, sau, trai, phai, trén) theo trinh tu dinh sin ma khong can
su can thi¢p cua con nguoi; va Thu cong (Manual) — cho phep nguoi van hanh lra chon
va kiém tra timg mit riéng biét. Phan mém giao dién nguoi dung (GUI) ho tro truc quan
qua trinh van hanh, cho phep hién thi anh, ving cét, két qua phan tich va diéu khién hé
thong mot cach linh hoat.

Qua trinh xtr Iy anh bao gém céac budc: chyup anh san pham, tach nén bang ving
ROI hoic thu vién rembg, chuyén anh sang anh xam, thiét 1ap ngudng do xam (> 60%)
va quét anh bang ctra s6 truot 3x3 pixel dé xac dinh diém den c6 dién tich > 0.02 mm?2.
Két qua phan tich dugce danh dau tryc tiép 1én anh véi duong vién, luu trir cing két qua
kié;n dinh dudi dang tép anh va bang log, phuc vu truy xuit va danh gia chat luong san
pham.
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Két qua thyc nghiém cho thfiy hé théng dat dugc do chinh xac cao trong vi¢c phat
hién diém den, toc do kiém tra dap Gmg tiéu chuan thuc té (= 60 giay/san phém) dong
thoi dam bao tinh 6n dinh va kha nang mo rong. Voi uu diém 1a chi phi thap, tinh linh
hoat cao, dé tich hop vao day chuyen san xudt san co, dé tai hira hen 1a mot giai phap
hiéu qua va thyc tién trong cac hé thong kiém dinh chat lugng san pham nhya

Trong tuong lai, nhém thyuc hién dinh huéng phat trién thém cdc mo hinh Al nham
nang cao kha nang nhan dién nhicu loai 161 khac (nhu tray xudc, mat liéu), dong thot toi
uu thoi gian xur Iy va kha nang hoc tap theo dir li¢u thuc te.
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Phu luc 02

DAIHOC DA NANG CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONG DAIHOC BACH KHOA DPoc lap - Ty do - Hanh phiic
KHOA PIEN

NHIEM VU PO AN TOT NGHIEP

TT | Ho tén sinh vién Sb the SV Lop Nganh
o K§ thuat diéu khién va tu
1 Lé buc Anh 105200290 20TDH1 A ;
dong hoa
‘ o K§ thut diéu khién va tu
2 | Phung Quoc Khanh | 105200497 | 20TDHCLC4 | ;
dong hoa

1. Tén dé tai do an:

Xay dung hé thong tu dong phat hién va phan loai diém den trén bé mat san pham .......
2. Pé tai thuje dién: \BC6 ky két théa thudn so hitu tri tué doi véi két qud thuee hién
3. Cdc s6 liéu va dir liéu ban dau:

4. Ngi dung cdc phan thuyét minh va tinh todn:

a. Phdn chung:

TT Ho tén sinh vién No6i dung

1. Lap nguyén 1y hoat dong, luu d6 thuat toan cta hé
théng.

2. Thiét ké cac thiét bi can duoc sir dung trong hé théng.

1 Lé Puc Anh 3. Thiét ké co ché truyén thong, giri 1énh diéu khién va
nhan tin hiéu phan hoi ctia phan mém may tinh véi
céc thiét bj khac.

4. Thiét ké co ché phat hién va khoanh ving diém den

dap tng véi tiéu chuan dé ra.
5. Thiét ké giao di¢n hoat dong cua h¢ théng.
6. Thiét ké hé thong phan cimg (khung d&, mach diéu
khién, co cdu xoay 4t va co cdu nang ha camera).
2 | Phung Quéc Khanh | 7. Thiét ké chuong trinh nhan 1€nh tr chuong trinh may
tinh va diéu khién hé thong phan cing dé xoay, lat
san pham va nang, ha camera.

8. Thuc hién kiém tra tinh chinh xé4c va d6 6n dinh thuc

té ctia hé thong.

b. Phan riéng:
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TT Ho tén sinh vién

Noi1 dung

5. Cdc ban vé, do thi ( ghi ré cdc logi va kich thuéc ban vé ):

a. Phan chung:

TT Ho tén sinh vién No6i dung
b. Phan riéng:
TT Ho tén sinh vién No6i dung

6. Ho tén nguoihwéng dan:

Phan/ Néi dung hwéng dan:

V& Vin Quynh

1. Phuong phap xur 1y bai todn x4c dinh d¢ xam cua
diém den.

2. Phuong phap tinh toan, danh gia d6 6n dinh va

chinh xac cua hé thong.

3. Co ché kiém tra dién tich cua diém den.
4. Cac huéng phat trién c6 thé duoc ap dung trong

tuong lai
7. Ngay giao nhiém vu do an:  6/3/2023
8. Ngay hoan thanh dé dn: 26/6/2023

Pa Nang, ngay  thang 7 nam 2023

Truwéng Bo mén Tu dong hoa Nguwoi hwong dan

TS. Giap Quang Huy




_DATHOC DA NANG CONG HOA XA HQI CHU NGHIA VIET NAM
TRUONG DA HQC BACH KHOA Daoc 1ap - Tu do - Hanh phuc
KHOA DIEN

PHIEU KIEM SOAT TIEN PO LAM PO AN TOT NGHIEP

(Phiéu danh cho ngudi

Phung Qudc Khanh

Ho tén sinh vién:

Lé Duc Anh

hudéng dan/sinh vién)
S6 the SV:
105200290
105200497

den trén bé mat san pham”

Tén dé tai DATN: ” Xdy dung hé théng tw dong phdt hién va phén logi diém

Ho tén ngudi HD

: TS. Nguyén Thj Kim Tric

Don vi: Truong Pai hoc Bach Khoa - DPHDN

Ho tén nguoi HD:

V6 Van Quynh

Don vi: Cong ty TNHH Luxshare ICT

Tuin Ngay

Khoi lwong

da thwe hién (%)

tiép tuc thye hién (%)

GVHD
ky tén

1 17/02/2025

Nhan dé tai

Gap nguoi hudng dan dinh huéng
do an

2 | 24/02/2025

Nghién ctru phan tich tinh
ung dung cua dé tai

Phén tich phuong huong giai
quyét bai toan

3 03/03/2025

Xac dinh yéu cau va bai
toan dat ra

4 10/03/2025

Pugc tiép tuc lam DATN Y

Duyét lan 1: Panh gia khdi luong hoan thanh % :

Khong tiép tuc thyc hién DPATN Y

5 17/03/2025

Nghién ctru thuat toan giai
quyét bai toan nhan dang
diém den

Lén y tuong thiét ké mo hinh
phan cling

6 | 24/03/2025

Thu thap miu san pham dé
tién hanh thtr nghiém tinh
kha thi cua thuat toan

Danh gia tinh kha thi ctua y tudng

7 | 31/03/2025

Lén phuong 4n thiét ké hg
thong, quy trinh cong

Lén danh sach thiét bi can st
dung, va dit mua cac thiét bi

ngh¢

8 07/04/2025

Duyét 1an 2: Danh gia khéi luong hoan thanh % :
Puoc tiép tuc lam PATN Y Khong tiép tuc thyc hién DPATN Y

9 14/04/2025

Tién hanh lip rip hoan

chinh phan cting

Thiét ké LDTT, Lap trinh chuong
trinh cho vi diéu khién ESP32

10 | 21/04/2025

Tinh chinh ban thiét ké

Hoan tat toan bo phan cimng

mo hinh phan cing
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Lén phuong 4n thiét ké

Xay dung luu d6 thuat toan va

11 | 28/04/2025 |phin mém mdy tinh dé diéu|L4p trinh chuong trinh trén
khién h¢ thong Pycharm
Duyét 1an 3: Panh gia khdi luong hoan thanh % :
12 | 05/05/2025 Puoc tiép tuc lam PATN Y Khong tiép tuc thuc hién DPATN Y
Tinh chinh toan bo hé thdng|{Hoan thién hé thong
13 | 12/05/2025
Chay thu nghiém san pl}érn Tiép hanh danh gia tinh hi¢u qua
141 19/05/2025 trong moi truong thyc t&¢  |d0 6n dinh cia mo hinh
Hoan thién mo hinh, téng
15 | 26/05/2025 |hop tai li¢u, hoan thién

cac phan trong bao cao
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LOINOI PAU VA CAM ON

Trong qué trinh thyc tap tot nghiép tai Cong ty Luxshare ICT — Nghé An, chiung
em di c6 co hoi tiép can thuc t& voi quy trinh san xuat cac san pham nhya cia cong ty,
ddng thoi duge tao didu kién tham gia hd tro va giai quyét mot sb van dé thuong gip
trong qua trinh san xuat. Mot trong nhitng van dé ndi bat ma chung em nhan thay 1a viéc
kiém tra va loai bd céc san ph'flm c6 161 diém den trén bé mit — mot dang 16i ngoai quan
anh huong 16n dén chat luong thAm my va yéu cau kiém dinh nghiém ngit trong san
xudt hang loat.

Trong sudt qua trinh thyc hién d6 4n, chung em xin dugc guri 16i cam on chan thanh
dén c6 Nguyén Thi Kim Truc — giang vién huéng dan tai Truong Pai hoc Bach khoa —
Pai hoc Pa Nang, cuing anh V& Vian Quynh va anh Pham Xuan Cudng — can b hudng
dan phia Cong ty Luxshare ICT — Nghé An, d tan tinh hd trg, dinh hudng va tao moi
diéu kién thuan loi dé ching em hoan thanh tét dé tai nay.
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LOI CAM POAN LIEM CHINH HQC THUAT

Chung t6i xin cam doan rang toan bd ndi dung ctia D6 an Tt nghiép vai dé tai:
" Xay dung h¢ thong tu dong phat hién va phan loai diém den trén bé mat san pham " la
két qua nghién ctru va thyc hién cia chinh t61, dudi sy hudéng dan ctua gidng vién
TS. Nguyeén Thi Kim Trac va can b hudng dan tai doanh nghi¢p anh V6 Van Quynh.

Chung t6i khang dinh khong sao chép, sir dung trai phép bat ky nodi dung nao tir
cac cong trinh nghién ctru, tai liéu, luén van, d6 an, bai bao,... ctia nguoi khac ma khong
trich dan ro rang va ding quy dinh. Néu phat hién c6 su sao chép, gian lan, hoac vi pham
dao duc hoc thuat trong qué trinh thuc hién d6 4n, t61 xin hoan toan chiu trach nhiém
trude nha trudong va phap luat.

Chung t6i cam két thuc hién d6 an véi tinh than trung thuc, nghiém tac va tuan tha
day du cac quy dinh vé liém chinh hoc thuat ctia Truong Pai hoc Bach Khoa — Dai hoc
ba Nang (DUT)

Sinh vién thuc hién

{Chtr ky, ho va tén sinh vién}
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DANH SACH CAC KY HIEU, CHU VIET TAT

KY HIEU:

Ghi chu:
- Ky hiéu: mdi myc ky hiéu gdm ky hiéu va phan tén goi, dién giai ky hiéu.
- Cum tir viét viét tat 1a cac chit cai va cac ky hiéu thay chit dugc viét lién nhau,
dé thay cho mot cum tir ¢6 nghia, thudng dugc ldp nhiéu 1an trong d6 an.
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Xay dung hé thong tw déng phat hién va phdn loai diém den trén bé mdt san pham

MO DPAU

Trong bbi canh coéng nghiép hoa va ty dong hoa ngay cang phat trién, viéc kiém soat
chat luong san pham déng vai tro then chét trong viéc dam bao uy tin va nang lyc canh tranh
ctia doanh nghiép. Tai xudng san xuat BUS — SBUS5 ctia Cong ty Luxshare ICT — Ngh¢ An,
quy trinh san xuét cic bd phéan vo ngoai bang nhwra cho hop dung tai nghe Bluetooth doi hoi
tiéu chudn nghiém ngat vé chat lugng bé mit. Tuy nhién, 16i ngoai quan, ddc biét la 16i diém
den, thudng xuyén xuat hién véi ty 1& cao (chlem khoang 70% tong s 16i ngoai quan) va
gay kho khin trong viéc kiém soat chat lwong. Ldi nay khong chi 1am gidam tinh tham m§
ctia san phim ma con anh hudng truc tiép dén uy tin thwong hiéu va yéu cau cta khach hang.
Hién tai, cong doan kiém tra ngoai quan tai xuong chu yéu dugc thuc hién thu cong, dan
dén t6n kém thoi gian, nhan lyc va tiém an nguy co bo sot 18i do yéu td con nguoi.

Xuét phat tir thuc tién trén, dd an tot nghi¢p nay duoc thuc hién véi muc tiéu thiét ké
va phat trién mot hé thong kiém tra ngoai quan ty dong dua trén cong ngh¢ thi gidc may
tinh, tap trung vao viéc phat hi¢n va phan loai 161 di€ém den trén bé mat san pham nhya. Hé
thong nham thay thé mot phan cong doan kiém tra thu cong, nang cao do chinh xac, tang toc
dd kiém tra, dong thoi gidm thiéu chi phi van hanh va phu thudc vao nhan cong. B¢ tai khong
chi dap ing nhu cau thuc té tai Cong ty Luxshare ICT ma con hudng dén kha nang ting dung
rong rai trong cac day chuyén san xuat cong nghiép khac.

Muc tiéu nghién ctru: Muc tiéu chinh cua dé tai 1a xay dung mot hé thong xir Iy anh
ung dung trong moi truong cong nghiép, co6 kha nang:

e Phat hién chinh x4c 13i diém den trén bé mat san phrflm véi cac dac trung vé do
xam (= 60%) va dién tich (= 0.02 mm?).

e Phén loai san pham dat (OK) hoic khong dat (NG) dya trén tiéu chuan chat
luong.

e Ty dong hoa quy trinh kiém tra, giam thiéu thao tac thi cong, tir d6 nang cao
nang suat va dam bdo tinh 6n dinh, nhat quan trong ki€m soat chat lugng.

e Cung cip giao dién than thién, dé str dung, hd trg ngudi van hanh theo ddi va
quan 1y két qua kiém tra.

Pham vi nghién ctru: Dé tai tap trung vao viéc phat hién va phan loai 16i diém den —
mot loai 16i ngoai quan phd bién trén bé mit cac bo phin vo ngoai bang nhuwa ciia hop dung
tai nghe Bluetooth. Pham vi nghién ctru dugc gidi han nhu sau:

e Pbi twong nghién ciru: Cac san pham nhua c6 kich thude 3x7 cm, voi 5 mit can
kiém tra (Trudc, Sau, Trai, Phai, Trén).

e MOoi trudng tmg dung: Hé théng duogc thiét ké dé tich hop vao diy chuyén san
xuat ty dong hoa tai xudng BU8S — SBUS hodc str dung doc 1ap nhu mat thi€t bi
kiém tra ho tro.
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Xay dung hé thong tw déng phat hién va phdn loai diém den trén bé mdt san pham

e (Cong nghé sir dung: Ap dung cac ky thuat xu ly anh s0, bao gbm loc nhiéu,
phan tich d0 sang, va phat hién bat thuong, két hop vdi phan cing nhu camera
cong nghi¢p va vi diéu khién ESP32.

Phuwong phap nghién ciru: Pé tai sir dung phuong phap xir 1y anh sb dwa trén thu vién
OpenCV, két hop voi cac ky thuat nhu:

e Loc nhiu va tach nén (sir dung ving ciat ROI hodc thu vién rembg).
e Chuyén d6i anh sang khong gian mau x4m dé phan tich d6 sang.

 Phan ngudng va phat hién contour dé x4c dinh vi tri, kich thude cua diém den.
H¢ thong dugc k1em nghiém théng qua tap dit liéu anh thyc té thu thap tir day
chuyén san xuét, v6i cac thi nghiém danh gid d6 chinh xac, do lip lai
(Repeatability), va do tai 1ap (Reproducibility) theo phuong phap GRR (Gage
Repeatability and Reproducibility). Két qua thyc nghiém dugc phan tich dé xac
minh kha ning Gng dung ctia hé thong trong méi truong san xuat thuc té.

Y nghia ciia dé tai: Hé thong kiém tra ngoai quan tu dong mang lai cac gia tri sau:
e Kinh té: Giam chi phi nhan cong va thoi gian kiém tra, tir d6 t6i wu hoa hiéu
suat san xuat.
o Ky thuat: Ung dung cong nghé thi giac may tinh hién dai, gop phan thic day tu
dong hoa trong san xuat cong nghiép.

e Thuc tién: Pap ung nhu ciu kiém soat chat luong nghiém ngit tai Cong ty
Luxshare ICT va c6 tiém nang m& rong ung dung sang cac nganh cong nghiép
khéc.

e Xi hoi: Giam khdi luong «cong viée thu cong, cai thién diéu kién lam viéc cho
nhan vién va ning cao chat luong san pham cubi cung.

Céiu tric dd an: Noi dung d6 an duoc trinh bay trong 6 chuong véi cu trac logic va
chi tiét nhu sau:

e Chuong I: Tong quan dé tai — Gi6i thiéu bdi canh thyc té tai Cong ty Luxshare
ICT, bai toan kiém tra ngoai quan, va cic yéu cau ky thuat cta hé thong.

e Chuong 2: Phan tich h¢ thong Trinh bay co s& ly thuyet cac phuong phap
kiém tra ngoai quan truyén thong va hién dai, ciing nhu kién triic tong thé cua
hé thong.

e Chuong 3: Thiét ké phan ctng va phan mém — Mo ta chi tiét qua trinh chon lya
thiét bi phan ctng (camera, vi diéu khién, dong co) va phat trién phan mém xur
1y anh.

e Chuong 4: Thiét ké chuong trinh diéu khién hé théng — Giai thich quy trinh van
hanh & ca ché d6 tw dong va thu cong, clng thuat toan xir 1y anh dé phat hién
diém den.

e Chuong 5: Két qua thuc nghiém — Phén tich két qua kiém tra thuc té, bao gdbm
do chinh xac, d¢ lap lai, d6 tai lap theo phuong phap GRR, va danh gié hi¢u qua
ctia hé théng.
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e Chuong 6: Két luan va hudng phat trién — Tém tat nhiing thanh tyu dat dugc,
danh gia tiém nang trng dung, va dé xuat cac cai tién nhu tich hop Al IoT, hoac
to1 vu thuat toan.

Sinh vién thuc hién: Lé Pirc Anh va Phung Qudc Khanh Huéng dan: Nguyén Thi Kim Tric 3



Xay dung hé thong tw dong phat hién va phdn loai diém den trén bé mat san pham

Chuong 1: TONG QUAN DE TAI

o re

1.1 Giéi thi¢u bai toan kiém tra ngoai quan san pham

Tai xuong san xuat BUS — SBUS cua Cong ty Luxshare ICT — Nghé An, quy trinh san
xudt cac bo phan vo ngoai bang nhua cho san phiam tai nghe Bluetooth doi hoi tiéu chuan
cao vé chat luong bé mit. Tuy nhién, trong thuc té san xut, van thuong xuyén phat sinh
nhiéu loai 15i ngoai quan nhu xuodc, me, dép, thiéu liéu. . . Trong do, 16i diém den 1a mot
dang 151 dic thi, xudt hién voi tan suit cao (chlem ty 1¢ 16i xap xi 70% trong s6 tong 151) va
gy nhiéu kho khin trong viéc kiém soat chat luong. Nguyén nhan cua 16i nay thuong dén
tlr cac yéu t6 nhu tap chat trong nguyén li¢u dau vao, bui ban mai truong, vun kim loai tu
khuon va truc vit, hoac nhya chay bi ket trong co cAu dc. Day la nhiing yéu td rat kho kiém
soat triét dé trong thoi gian ngin va dé tai dién trong cac 16 san xuét lién tyc.

Do dac thu kho phat hién bang may méc truyén théng, cac san pham sau khi dtic luon
can trai qua cong doan kiém tra ngoai quan thu cong nham phat hién va loai bo nhiing san
pham 16i. Dleu nay doi hoi sO luong 16n nhan cong, tiéu t6n nhiéu thoi gian va ngudn luc,
dong thoi tiém an nguy co bo sot 16i do yéu té con nguoi. Thuc trang ndy anh huong truc
tiép dén ning sudt, chi phi san xuit va tién d6 giao hang.

Hinh 1.1: Thao tac kiém tra ngoai quan cho san pham
Yéu cau va dat diém cta hé théng kiém tra ngoai quan:
« Diém den c6 do xam > 60%, dién tich dbi voi diem den can bét la 0.02mm2.
« Thoi gian tiéu chuan dé kiém tra mot san pham: 60s.

* Séan pham c6 kich thudc 3x7cm, c6 5 méat can kiém tra ngoai quan voi tén cac
mat la: Trudc, Sau, Trai, Phai, Trén.

* (Céc mat cua san pham déu dugc ap dung cung mdt tiéu chuan cua diém den bao
gom cd v€ do xam, vi tri va di¢n tich.

Quy trinh san xuat san pham bao gom cac cong doan co ban nhu sau:
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Qua trinh ddc nhya Qua tr!nh kiém tra Qua trinh dan mang Qua Frmh kiém t@ Qua trinh dong goi
N N ngoai quan sau 2 A ngoai quan sau khi N
thanh hinh thanh hinh bao vé dén mang va nhap kho

Hinh 1.2: Quy trinh san xuét san pham co ban

Theo quy trinh san xuét nhu trén, hau hét cac 16i diém den déu phai dugc phat hién tai
cong doan kiém tra ngoai quan sau thanh hinh. Boi vi sau khi dan mang bao vé (film), viéc
kiém tra ngoai quan va phat hién diém den 1a rat kho. Vay nén, can phai cai thién van dé

chat lugng san phim ngay tai bude kiém tra ngoai quan sau thanh hinh nay.
. R i

Hinh 1.3: San pham sau khi dan mang bao vé

Trong bdi canh d6, viéc tmg dung cac giai phap tu dong hoa va thi gidc mdy tinh dé
xay dung hé thong phat hién va phan loai 18i diém den 1a hét strc can thiét. Khong chi giap
giam phy thugc vao nhan lyc, mot hé thong kiém tra tr dong con gop phan nang cao do
chinh xac, tang téc do kiém tra, dong thoi dam bao tinh 6n dinh va nhat quan trong qua trinh
kiém soat chat lwong san pham. Pay chinh 1 dinh hudng va muc tiéu cot 161 cta dé tai

1.2 Cac phwong an truyen thong va hién dai trong kiém tra ngoai quan

1.2.1 Phwong phdp kiém tra ngoai quan truyén thong

Trong cac day chuyén san xuit cong nghiép, kiém tra ngoai quan bang mat thuong
(hay con goi la kiém tra thu cong) la phuong phap pho bién lau doi nhat. Nhan cong sé quan
sat truc tlep tirng san pham dé phat hién cac 18i ngoai quan nhu xudc, meé, thiéu liéu, va dic
biét 1a diém den — mot loai 16i nho nhung anh huong nghiém trong dén tinh thAm my. Phuong
phap ndy c6 wu diém 1a dé trién khai, khong yéu cau dau tu thiét bi ban dau, va c6 thé ap
dung linh hoat trong nhiéu truong hop.

Tuy nhién, phuong phap kiém tra thii cong ton tai nhiéu han ché. Thir nhat, n6 phu
thudc rat 1on vao yéu t6 con ngudi, de xay ra sai sot do moi mat, chu quan, hoic dleu kién
anh sang khong 6 6n dinh. Tht hai, toc d6 kiém tra cham, khong dap ung dugc yéu cAu san
luong cao. Cubi cung, viéc duy tri sO luong 16n nhan cong kiém tra cling 1am ting chi phi
van hanh va khé kiém soat chét lugng mot cach nhat quan.

1.2.2 Cac phwong phap kiém tra hién dai siv dung cong nghé thi gidc mdy tinh

Dé khic phuc cac nhuoc diém cua phuong phéap tha cong, cac hé théng kiém tra ngoai
quan ty dong sir dung thi giac may tinh (Computer Vision) ngay cang duoc nghién ctru va
ing dung trong cong nghi¢p. Cac h¢ thong nay str dung camera cong nghiép két hop véi
phan mém xir Iy 4nh nham phat hién cac di thuong trén bé mat san pham, trong d6 ¢ diém
den.

Mot sd ky thudt xir Iy anh phd bién duwoc st dung bao gdm: phan ngudng
(thresholding), bién do6i khong gian mau, phén tich histogram, loc hinh thai hoc
(morphology), phat hién bién (Canny, Sobel), ctra s6 truot (sliding window), hoac phan tich
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contour. Cac k¥ thuat nay dugc xay dung dua trén cac nguyén 1y co ban cua thi gidc may
tinh [1] va c6 thé dugc két hop dé phat hién cac vung ¢6 do twong phan thap nhung khac
biét r0 vo1 nén — dac trung cua diém den.

1.2.3 Cdc phwong phap wng dung tri tué nhdn tao

Gan ddy, v6i sy phat trién manh mé& cua tri tué nhan tao (AI) va hoc sau (Deep
Learning), caic m6 hinh mang no-ron tich chap (CNN) nhu YOLO, SSD, Faster R-CNN da
dugc tmg dung dé nhan dang va phan loai 15 ngoai quan, bao gbém ca diém den. Cac mod
hinh nay cho phep phat hién tu dong cac loai 16i v&i do chinh x4c cao, kha ning thich tng
t6t voi cac bién thé hinh dang, vi tri va kich thuéc diém den trén san pham.

bac bi¢t, cac mo hinh segmentation nhu U-Net, DeepLab, U2-Net co thé phat hién
chinh x4c ving 16i & muc pixel, duoc phat trién dua trén cac nguyén 1y hoc sau duoc trinh
bay chi tiét trong nghién ctru.[2] Nhitng mo hinh ndy giup cai thién hiéu qua trong viéc phan
loai va khoanh vung 16i nho nhu diém den. Tuy nhién, nhitng hé thong sir dung Al yéu cau
luong dir licu huén luyén 16n, kha nang tinh toan cao, va can dau tu ban dau vé thoi gian va
ky thuat.

1.2.4 So sanh giira cac phwong phap
Bang 1.1: So sanh giita cic phuong phap kiém tra ngoai quan

Tiéu chi Thi cong Thi giac may tinh Al / Deep
(truyen thong) (truyen thong) Learning
Do chinh xac Thap - Trung binh | Trung binh - Cao Cao - Rét cao
Téc do Thap Trung binh - Cao Cao
Tinh 6n dinh Thap (phu Fhu(,)c Trung binh Cao
con nguoi)
Kha nang mo rong Khoé Trung binh Tét
Yéu cau k¥ thuat 2 . Cao (dir liéu, GPU,
ban dau Thap Trung binh 13p trinh)
Chi phi van hanh . Thap (sau khi trién
1au dai Cao Trung binh khai)

1.3 Muc tiéu va yéu cau hé thong

Hé thong dugc xay dung trong khu6n khé dé tai ap dung phuong phap thi giac may
tinh nham cai thién d6 chinh xac, toc do xu 1y, tinh 6 6n dinh trong qua trinh kiém tra, dong
thoi giam thiéu d6 phuc tap trong thiét ké va trién khai ban dau. Hé thong huéng dén kha
ning hoat dong tu dong, than thién véi ngudi st dung va dé dang tich hop vao méi trudng
san xuat thuc té.

Heé thng can dap img mot sd yéu cau k§ thuat quan trong nhu sau:

e (o0 kha nang nhan di¢én chinh xac diém den trén bé mét san pham v61 nhiéu muc
do xam khac nhau.
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* (6 kha nang phan loai két qua theo ti€u chi NG/OK dya trén dac diém tirng mat
kiém tra, bao gom sb luong diém den, dién tich vung 13i, cling nhu mirc d6 xam
tuong doi.

e Cung cap mot giao dién truc quan, than thién, gitip ngudi van hanh d& dang thao
tac va theo doi ket qua.

e Tu dong hoa tdi da quy trinh kiém tra, giam thiéu cac budc thao tac tha cong
khong can thi€t nham t61 vu hoa thoi gian xir 1y va nang cao hi¢u suat toan h¢
thong.
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Chwong 2: PHAN TiCH HE THONG

2.1 Kién tric tong thé ciia hé thong

Phén mém xir ly anh va CAMERA Phén cimg chinh

UART

Hinh 2.1: Kién trtc tong thé cia hé théng

Hé thdng trén 1a mot giai phap kiém tra chét luong san pham dwa trén cong ngh¢ xur ly
anh, co kha nang nhan dién cac khuyet tat (diém den) trén bé mait san pham Hé thdng bao
g6m hai thanh phan chinh: phan mém xir 1y anh va phan cing diéu khién.

Phan mém bao gém mot camera két ndi voi may tinh, chiu trach nhi€m thu thap hinh
anh bé mat san pham. Hinh anh dugc xtr Iy trén phan mém chay trén may tinh dé phat hién
cac diém den. Néu phat hién san pham bi 18i, phan mém sé& giri tin hiéu diéu khién qua giao
tiép UART dén vi diéu khién ESP32.

Phan cing su dyng ESP32 lam thiét bi diéu khién trung tam, nhén tin hi¢u tir may tinh
va diéu khién cac thiét b ngoai vi. Hai dong co servo, két ndi qua giao tiép PWM, duoc sir
dung dé 1at san pham hoic diéu chinh cum camera, gitp cai thién dJ chinh xac khi lay nét
hodc thay d6i goc nhin khi can thiét. Ngoai ra, ESP32 con diéu khién mot driver dong co
bude, hd tro di chuyén san phém dén vi tri kiém tra chinh x4c hodc hd tro qua trinh ty dong
ldy nét. Toan bd hé thong hoat dong phdi hop nhip nhang dé dam bao quy trinh kiém tra
dién ra ty dong, chinh xac va hiéu qua.

Bén canh d6, may tinh khong chi dam nhén vai trd xtr Iy anh ma con cung cép giao
dién tuong tac dé diéu khién hé théng, dong thoi thuc hién truyén thong. May tinh c6 thé
duge xem nhu mot server diéu khién trung tim, véi kha ning tich hop cho cac mo-dun tyr
dong hoa khac cling nhu tiém ning phat trién thanh mot hé thong IoT.

Sinh vién thuc hién: Lé Pirc Anh va Phung Qudc Khanh Huéng dan: Nguyén Thi Kim Tric 8



Xay dung hé thong tw déng phat hién va phdn loai diém den trén bé mdt san pham

2.2 M0 ta chirc ning tirng thanh phan
2.2.1 Camera

Camera dong vai tro 13 thiét bj thu hinh anh bé mit san pham. Hinh anh nay s& duogc
giri dén may tinh dé xur 1y. Camera c6 thé duoc cb dinh hodc ldp trén co cdu tinh tién cua
step giup camera c6 thé 1y nét bé mit ciia san pham. Chat lwong hinh anh tir camera quyét
dinh do chinh xac ctia qua trinh phat hién 15i trén san pham.

2.2.2 May tinh

May tinh chiu trach nhiém xtr 1y anh thu dugc tir camera. Phin mém xtt 1y anh duoc
cai dat trén may tinh (thudng str dung cac thu vién nhu OpenCV) s& phan tich hinh anh dé
phat hién cac khuyét tat nhu diém den, vét xudc, v.v. Sau khi phan tich, néu phat hién 15i
hodc can diéu chinh, may tinh s& giri 1énh diéu khién xubng vi diéu khién thong qua giao
tiép UART. Ngoai ra, may tinh con c6 thé hién thi két qua kiém tra va luu trit dit liéu phuc
vu phan tich sau nay.

2.2.3 Vi diéu khién ESP32

ESP32 dong vai tro trung tdm diéu khién phan cung trong hé thong. N6 nhan 1énh tir
may tinh thong qua UART, sau d6 phan tich va diéu khién cac thiét bi ngoai vi nhu servo va
driver dong co budc. ESP32 gitp tu dong hoa cac thao tac nhu 1at san pham, diéu chinh
camera, hoac di chuyén san phém dén vi tri khac, dam bao hé théng hoat dong tron tru va
dong bo.

2.2.4 Servo Motor ) o w
Cac dong co servo trong h¢ thong duoc sir dung dé di€u chinh goc quay cua san pham.
Chung c6 kha nang quay chinh xac dén mot goc nhat dinh, pht hop cho cac thao tic nhu 14t

san pham sang mat khac. Servo duoc diéu khién bang tin hiéu PWM phat ra tir vi diéu khién
ESP32.

2.2.5 Driver diéu khién déng co buéc

Driver dong co buéc 13 cau ndi gitta vi diéu khién va dong co budc. N6 nhén tin hiéu
diéu khién tir ESP32 va tao ra cac xung PWM can thiét dé diéu khién chuyén dong ciia dong
co bude. Nho ¢6 driver nay, ESP32 khong can truc tiép tao xung chinh xéac, gitp giam tai
cho vi diéu khién.

2.2.6 Dong co budoc (Stepper Motor)

Pong co bude duoc sir dung dé di chuyén san pham hodc cum kiém tra theo timg budc
nhd, voi d§ chinh xac cao. Trong hé théng, dong co budc co thé diéu chinh vi tri cta san
pham trén bang tai hoic thay doi khoang cach giita san pham va camera dé hd trg qua trinh
1y nét. Viéc sir dung dong co budc gitip nng cao tinh tu dong va do chinh xac ciia toan b
hé thong kiém tra.

Sinh vién thuc hién: Lé Pirc Anh va Phung Qudc Khanh Hudng dan: Nguyén Thi Kim Trac 9



Xay dung hé thong tw dong phat hién va phdn loai diém den trén bé mat san pham

Chon Auto Mode

2.3 Luu dd hoat dong ché do Auto

May tinh gl chubi
“Reset” cho ESP32

ESP32 diéu khién 2

servo vé géc, cam vé

lai vi tri chup géc
(mat trwdce)

alad dl

Lt Bl -
'C\f]ayi:'c‘j:r:z‘: My tinh gii lénh
uP ! —P| chup cho camera,

lwu dnh thé mat
trudc

H
H
H
H
H

Hién thong bao da
chup Ién clra s6

i
i
i
;
;

May tinh gtri chudi
“matsau” cho ESP32

:
:
:
:
;

ESP32 diéu chinh vj
tri servo lat sang
mat sau

i
i
i
;
;

Delay 0.5s, ESP32
glri chudi “done”
cho may tinh

Iy dnh thé mat sau

Hién théng bao da
chup lén clra sé

May tinh gl chubi
“mattrai” cho ESP32

ESP32 diéu chinh vi
tri servo lat sang
mat trai

Delay 0.5s, ESP32
gli chudi “done”
cho may tinh

May tinh gli Iénh
chup cho camera,
lwu dnh thé mat trai

Hién théng bao da
chup Ién clra s6

May tinh gt chudi
“matphai” cho
ESP32

ESP32 diéu chinh vj
tri servo lat sang
mét phai

Delay 0.5s, ESP32
glri chudi “done”
cho may tinh

He théng ch& dén
khi dwa vao san
pham méi

Mdy tinh gtri lénh
chyp cho camera,
Iu dnh thé mat
phai

Hién théng bao da
chup lén clrasé

May tinh giri chudi
“mattren” cho
ESP32

ESP32 diéu chinh vi
tri servo lat sang
mat trén

Delay 0.5s, ESP32
gli chudi “done”
cho may tinh

Delay 0.5s, ESP32
glri chudi “done”
cho may tinh

Hinh 2.2: Luu d6 thuat toan ché d6 Auto

Sinh vién thyc hién: Lé Ptc Anh va Phing Qudc Khanh

A

Huéng dan: Nguyén Thi Kim Truc

May tinh gtri [énh
chup cho camera,
lwu 3nh thd mat trén

Hién thdng bédo da
chup lén clra s6

Phéan tich diém den
cla 5 matdachup
va duarakét qua

Théng bdo I1én man
hinh “P& hoan thanh
kiém tra”

May tinh glri chudi
“mattruoc” cho
ESP32

;

ESP32 diéu chinh vi
tri servo lat sang
mat trudc
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Xay dung hé thong tw déng phat hién va phdn loai diém den trén bé mdt san pham

Quy trinh hoat dong tong quat
Buwéc 1: Khéi dong ché dd Auto Mode

Khi nguoi dung chon ché do Auto Mode, hé théng s& bit dau kiém tra trang thai Reset.
Néu tin hiéu Reset = 1, may tinh giri chudi "Reset" dén ESP32 dé dua toan bo hé thong vé
trang thai ban dau. ESP32 thyc hién diéu khién hai servo quay vé vi tri gbc — tirc goc nhin
mit trude cua san pham — dé sin sang bt dau kiém tra.

Buwéc 2: Kich hoat qua trinh kiém tra
~ Sau khi da s&n sang, hé thong kiém tra tin hi¢u Start. Néu Start = 1, may tinh bét dau
tién trinh kiém tra 1an luot cac mét cua san pham.
2.3.1 Chi tiét tieng bwéc kiém tra
Mat truoc
e May tinh gt 1€nh chup anh mat trude, anh duoc luu lai.
e Hién thi thong bao “da chup mat trudc” 1én giao dién.
e Gui chudi "matsau" dén ESP32.
e ESP32 diéu khién servo xoay san phim sang mit sau.
e Sau 0.5 gidy, ESP32 giri chudi "done" bao hoan thanh thao tac.
Mat sau

e May tinh gui 1€nh chup danh mét sau va luu anh.
e Hién thi thong bao da chyp 1én giao dién.
e Giri chudi "matrai" dén ESP32.
e ESP32 diéu khién servo lat sang mat trai.
e Sau 0.5 gidy, gti chudi "done" vé may tinh.
Mat trai
e May tinh tiép tuc chup anh mat trai va luu lai.
e Gui chudi "matphai" dé diéu khién ESP32 xoay san pham sang mit phai.
e ESP32 xir Iy va phan hoi "done" sau khi hoan tat chuyén dong.
Mat phdi
e May tinh chup anh mat phai, hién thi thong bao.
e Gui chudi "mattren" dén ESP32 dé chuyén sang mit trén.
e Sau khi servo xoay xong, ESP32 phan hoi "done".
Mat trén
e Chyp danh madt trén san phém, luu lai.
e May tinh tién hanh phan tich hinh anh 5 mat vira chup dé phat hién diém den
hoic 16i san pham.

Sinh vién thyc hién: Lé Ptc Anh va Phing Qudc Khanh Huéng dan: Nguyén Thi Kim Tric 11



Xay dung hé thong tw dong phat hién va phdn loai diém den trén bé mat san pham

e Hién thi két qua phan tich va thong bao “P4 hoan thanh kiém tra”.

N

=<

2.3.2 Két thitc chu trinh va chudn bi sin phim mdéi

Sau khi hoan tit kiém tra, may tinh gtri chudi "mattruoc" dé yéu cau ESP32 dua san
pham tré vé vi tri ban dau (mit trudc). Hé thdng luc ndy chd san pham méi duoc dua vao
va bt dau chu trinh kiém tra tiép theo.

2.4 Luwu db hoat dong ché do Manual

Chon Manual Mode

May tinh gli chudi
“Reset” cho ESP32

ESP32 diéu khién 2
servo vé géc, cam vé
lai vi tri chup géc
(mat trudce)

v
A

Y
S AR
Méy tinh gli chudi
“mattruoc” cho
ESP32

H

ESP32 diéu chinh vi
tri dén mat trudc

:

Delay 0.5s, ESP32
gli chudi “done”
cho may tinh

:

My tinh chyp anh,
lru anh thé mat
trudc

:

Hién théng bao da
chup 1én clra s6

:

Phan tich diém den
clia mat da chup va
dua ra két qua

:

Thong bao 1én man
hinh “D& hoan thanh

kiém tra”

‘

Méy tinh gtti chudi
“mattruoc” cho
ESP32

R 2

ESP32 diéu chinh vi
tri dén mat trudc

4

Delay 0.5s, ESP32
gl chudi “done”
cho may tinh

3

May tinh chup anh,
lwu anh thé mat
trudc

|
N‘N‘
Y Y
Y Yy

Méy tinh gli chudi
“mattruoc” cho
ESP32

R 2

ESP32 diéu chinh vi
tri dén mat trudc

4

Delay 0.5s, ESP32
guti chudi “done”
cho may tinh

3

May tinh chup anh,
lru anh thé mat
trudc

2

Matphai=1?

Y
A 4

Y
A 4

May tinh gtti chudi
“mattruoc” cho
ESP32

Méy tinh gt chudi
“mattruoc” cho
ESP32

v

v

ESP32 diéu chinh vi
tri dén mat trudc

ESP32 diéu chinh vi
tri dén mat trudc

v

v

Delay 0.5s, ESP32
gli chudi “done”
cho may tinh

Delay 0.5s, ESP32
glri chudi “done”
cho may tinh

v

v

My tinh chyp anh,
lwu anh thé mat
trudce

May tinh chup anh,
luu anh thd mat
trudc

2.4.1 OQuy trinh hoat djng tong qudt
Kich hoat Manual Mode va ki€ém tra Reset

Sinh vién thyc hié¢n: L& Puc Anh va Phung Quéc Khanh

Hinh 2.3: Luu do thuat toan ché 36 MANUAL

Khi nguoi dung chon ché do Manual Mode, hé théng dau tién s& kiém tra bién Reset.
Neéu Reset = 1, may tinh g1 chuoi "Reset" dén ESP32 dé dua hai servo vé vi tri ban dau
(gbc mat trude). Sau do, h¢ thong san sang nhén Iénh tha cong tir ngudi dung.

Huéng dan: Nguyén Thi Kim Truc 12




Xay dung hé thong tw déng phat hién va phdn loai diém den trén bé mdt san pham

2.4.2 Quy trinh kiém tra thii cong ticng mdt
H¢ thong lan luot kiém tra cac tin hi€u I¢énh di€u khién gui tr nguoi dung:

Kiém tra tin higu Mattruoc = 1 (Mt truwéc)
e M4y tinh giri chudi "mattruoc" dén ESP32.
e ESP32 diéu khién servo quay dén mit trude.
e Sau 0.5 gidy, ESP32 giri chudi "done" cho mdy tinh.
e May tinh chyp anh, luu anh thd mit trude va hién thi thong bao da chup.

Kiém tra tin higu Matsau = 1 (Mt sau)
e May tinh giri chudi "mattruoc" dén ESP32 dé dua vé mit trude trude khi

chuyén mit.

e ESP32 diéu khién servo vé mit trude, rdi quay sang mat sau.
e Gui chudi "done", sau do chup va luu anh thé mat sau.

Kiém tra tin higu Mattrai = 1 (Mt trdi)
e May tinh giri chudi "mattruoc” dén ESP32 dé dam bao quay vé mit chuan.
e ESP32 diéu khién servo vé mit trai va giri "done".
e May tinh chup va luu anh tho mat trai.

Kiém tra tin higu Matphai = 1 (Mt phdi)
e May tinh gri chudi "mattruoc" va ESP32 diéu khién vé mit phai.
e Sau "done", anh thdé mat phai duoc chup va luu lai.

Kiém tra tin higu Mattren = 1 (Mt trén)
e May tinh giri chudi "mattruoc” va ESP32 chuyén vi tri camera dén mat trén.
e Sau "done", chup va luu d&nh mat trén.

2.4.3 Phan tich va hién thi két qua
Sau khi chup xong mdt mat bat ky:

e Anh sé& dugc hién thi 1én cira s6 giao dién.
e Hg¢ thong tién hanh phan tich diém den trén mat san pham da chup.
e Két qua phan tich duoc hién thi trén man hinh véi théng bao: "Pa hoan thanh

kiém tra".

Sinh vién thuc hién: Lé Pirc Anh va Phung Qudc Khanh Hudng dan: Nguyén Thi Kim Trac 13
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Chuwong 3: THIET KE PHAN CUNG VA PHAN MEM

3.1 Thiét ké phan cirng
3.1.1 Chon thiét bi
a. Camera OV3660 3MP

Hinh 3.1: Camera OV3660

OV3660 1a mot cam bién hinh anh CMOS 3 megapixel (3MP) tir OmniVision, thudng
du:oc tlch hO’p trong cac module camera nhu M5 Stack Tlmer Camera hoac cac module USB.

YUV, va JPEG.
Théng so ky thudt:

D6 phan giai: Toi da 2048x1536 tai 15fps (c6 thé thay dbi tiry cdu hinh).
Goc nhin (FOV): 110°.

Kich thudc pixel: 1.75um x 1.75pum, st dung cong ngh¢ OmniBSI cho d6 nhay
cao.

Giao tiép: USB 2.0 (véi module USB) hoidc giao tiép song song DVP (véi
ESP32).

Tinh niang ty dong: Piéu chinh phoi sang (AEC), can bang tring (AWB), kiém
soat do loi (AGC), v.v.

Ung dung: Phu hop cho gidm sat, nhan di¢n khuén mat, robot, hodc hé théng tu
dong hoa.

OV3660 c6 the dugc su dung dé thu thap hinh anh bé mit san pham, phu hop v6i vai
trd camera trong phan mém xir 1y 4nh ma ban mé ta. Khi két hgp véi ESP32, né c6 thé truyén
dwr 1iéu qua UART hoac Wi-Fi (neu duoc hd tro).

b. ESP32 module dev kit

Sinh vién thyc hién: Lé Ptc Anh va Phing Qudc Khanh Huéng dan: Nguyén Thi Kim Truc 14
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Hinh 3.2: ESP32

Théng tin tong quan: ESP32 1a dong vi diéu khién do Espressif Systems phat trién,
tich hop CPU 161 kép Xtensa LX6, bd nhd SRAM, va céc giao thirc khong day nhu Wi-Fi
va Bluetooth. ESP32 thuong dugc str dung trong IoT, tuy dong hoda, va cac dy an robot.

Théng sé ky thudt:
Béng 3.1: Bang thong s6 ki thuat ESP32

Hang muc Théng s6 Ky thuit

Vi diéu khién chinh |ESP32-WROOM-32 (tich hop WiFi & Bluetooth)

Dual-core Xtensa® 32-bit LX6, xung nhip tbi da 240

CPU MLz

B6 nhé SRAM 520 KB

Bd nho Flash 4 MB (tuy phién ban)

Két ndi khong day |Wi-Fi 802.11 b/g/n, Bluetooth v4.2 BR/EDR va BLE

S6 chan GPIO Tbi da 34 chan I/O (da chirc nang)
ADC 18 kénh, do phan giai 12-bit

DAC 2 kénh, d¢ phan giai 8-bit

PWM C6 hd tro trén nhiéu chan GPIO
UART 3 kénh UART

SPI 4 kénh SPI

12C 2 kénh I12C

12S 2 kénh 12S

CAN C6 hd trg trén mot s6 mo-dun

Sinh vién thuc hién: Lé Pirc Anh va Phung Qudc Khanh Huéng dan: Nguyén Thi Kim Tric 15
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Hang muc Thong s6 k§ thuat

Dién 4p hoat dong 3.3V logic (ngudn cip qua USB 5V)

Bo on 4p tich hop  ||[AMS1117 hoic tuong dwong

Giao tiép v6i may|Micro USB (CP2102 hoic CH340), dung dé nap
tinh chuongtrinh va UART

Kich thudc bo mach |[Khoang 51 mm x 25.5 mm

Nut tich hop Nut EN (Reset) va nuit BOOT

Hé diéu hanh hd tro [Windows, macOS, Linux

Ngon ngilr 1ap trinh

> Arduino IDE, ESP-IDF, MicroPython, PlatformIO
tuong thich

Ung dung trong hé théng: ESP32 nhén tin hiéu tir may tinh qua UART, diéu khién hai
dong co servo (qua PWM) va driver dong co budc (qua Digital hodac PWM). ESP32 phu hop
dé xir 1y tin hiéu diéu khién va giao tlep v6i cac thiét bi ngoai vi, dong thoi co thé mo rong
dé tich hop thém cam bién hodc truyén dit liéu qua Wi-Fi trong trudng hop phat trién thém
dé trg thanh hé thong IoT.

c. Servo MG90S

Hinh 3.3: Servo MG90S

Thong tin tong quan: MG90S 1a mot servo micro voi banh rang kim loai, dugc nang
cap tir SG90, cung cip md-men xoan cao hon va do bén tt hon, phut hop cho cac tng dung
nhu robot, may bay RC, hodc hé thong tu dong hoa.

Théng so ky thudt:
e Kich thudc: ~23x12x29 mm
e Trong lugng: ~13.4 g
e Di¢nap:48-60V
e Momen xoan: 1.8 —2.2 kg-cm
e Tbc do: ~0.1 giay/60°
e (Goc quay: 180°
e Loai: servo mini, hgp sb kim loai

e Dong dién toi da: ~700 mA

Sinh vién thuc hién: Lé Pirc Anh va Phung Qudc Khanh Hudng dan: Nguyén Thi Kim Trac 16
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Ung dung trong h¢ thé'lgg: Hai servo MG90S trong so d6 duogc két nf)i qua PWM véi
ESP32, phu hop dé€ 14t san pham hogc diéu chinh goc camera. M6-men xoan 1.8-2.2 kg/cm
du dé xur 1y cac chuyén dong nhe nhang.

d. Module diéu khién dong co Step A4988

Hinh 3.4: Module diéu khién dong co A4988
Théong so ky thudt:
e Dién ap logic (VDD): 3.3V -5V
e Dién 4p dong co (VMOT): 8V — 35V
e Dong tdi da: ~2A (voi tan nhiét tot)
e Dong khuyén nghi: < 1A (khong tan nhiét)
e Bio vé qua nhiét, qua dong, ngan mach: Co
e (o chiét ap diéu chinh dong dau ra

e Tuong thich v&i1 dong co budc loai: Bipolar (2 pha)

e. B0 dong co budc va h¢ vitme

- 10.5cm/4.13°
Hinh 3.5: B6 dong co budc va h¢ vitme
Théng so ky thuit:

e Loai dong co: Bong co budce 2 pha 4 day
e Di¢n ap hoat dong: DC 4 — 9V
e Dong ti€u thy: 500 mA

e GoOc budc: 18°

Sinh vién thuc hién: Lé Pirc Anh va Phung Qudc Khanh Huéng dan: Nguyén Thi Kim Tric 17
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Tbc d6 tdi da: ~25 mm/s

Budc ren tryc vit: 0.5 mm (mdi budc di chuyén 0.025 mm)
Chiéu dai truc vit: 90 mm

Puong kinh truc vit: 3 mm

Chiéu rong thanh truot: 15 mm

Hanh trinh hi€u qua: 80 mm

f. Cam bién khe quang FC-03

Hinh 3.6: Cam bién khe quang FC-03

Théng sé ky thudt:

Dién ap hoat dong

3.3V -5V DC

Dong dién tiéu thu

Khoang 20mA

Cam bién chinh

Khe quang hdng ngoai (infrared slot sensor)

Khoang céach phat hi¢n

Vit can di qua khe (khoang cach khe ~5mm)

Giao tiép dau ra

Digital (DO) — mtic cao/thap tiy theo ¢ vat can hay khong

IC chinh trén mach

LM393 (Comparator dé so sanh va khuéch dai tin hiéu tir cam bién)

g. Pen LED vong

Sinh vién thuc hién: Lé Pirc Anh va Phung Qudc Khanh Huéng dan: Nguyén Thi Kim Tric
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technicolorepic

93emy/181in

3 e i |

Gl

Hinh 3.7: Bén LED vong
Théng so ky thudt:
e S6 luong LED: ~56—144 LED
e Ngudn cip: AC 100-240V (kém adaptor EU plug)
e (Cong suat: 4-10W
e Anh sang: Trang (nhiét d mau khoang 5500-6500K)
e Duong kinh trong: ~60 mm
e Diéu chinh do sang: C6 (nhit vin dimmer)

3.1.2 Cdc co ciu co khi chinh ciia hé thong
a. Co céu diéu chinh goc chup
Co céu diéu chinh goc chup san pham bao gém 2 ddng co servo va mot jig cb dinh san
pham. 2 dong co nay dugc gan voi nhau thong qua mét khung nhya hinh chir L nhim tao ra
su vuong goc vé truc, cat qua nhau ciia ca 2 dong co. Két qua cia thiét ké nay s& tao ra mot
co cau xoay, lat 360° véi moi budce xung 1a 18°.

Hinh 3.8: Co céu xoay, 1at sin pham

b. Co céu diéu chinh d6 cao camera
Co céu diéu chinh d6 cao camera bao gdom mot tim phang hinh chit L dugc cb dinh
vao bg dong co budc va hé vitme, camera dugc gén vao mat dudi cua tam chir L. Ngay bén
canh cua tm chit L, mot bo cam bién quang nham xéc dinh gdc cho co ciu ciing duoc lap
dat, dam bao sy chinh x4c ciia hé thong khi can hiéu chinh dinh ky hodc khi c¢6 sy ¢ can
thiét lap lai.

Sinh vién thuc hién: Lé Pirc Anh va Phung Qudc Khanh Huéng dan: Nguyén Thi Kim Tric 19



Xay dung hé thong tw dong phat hién va phdn loai diém den trén bé mat san pham

Hinh 3.9: Co cau diéu chinh d6 cao camera

3.1.3 So dé két noi phén cieng

ESP 32

12
14

Hinh 3.10: So d két ndi phan ctng
ESP32:
e Chén GPIO 26 — tin hiéu diéu khién cho servo MG90S tht nhat
¢ Chan GPIO 27 — tin hiéu diéu khién cho servo MG90S thtr hai
e Chan GPIO 12 — chan step cua A4988
e Chan GPIO 14 — chan direction ciia A4988

e 5V:cung cap cho 2 servo MG90S va chan VDD ciia A4988

e 12V: cép cho chan vmot ciia A4988 d¢ diéu khién dong co budc

Sinh vién thyc hién: Lé Pac Anh va Phing Qubc Khanh Huéng dan: Nguyén Thi Kim Tric
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Servo MG90S (x2):
e MaJdi servo ¢6 3 chan:

o VCC nbi 5V

o GND ndi GND chung

o SIG ndi GPIO 26 hodc 27 tir ESP32
Driver A4988:

e Step va direction nhan tin hiéu tr ESP32
e VD cip 5V logic
e VMOT cép 12V dé chay dong co
e GND ndi GND chung
e Kétnbi dén dong co bude 2 pha:
o A+, A—
o B+, B—

3.1.4 Mach diéu khién dpng co va hé thong phan cieng hoan thién
a. Mach diéu khién dong co
T so d6 két ndi phﬁn cung, thuc hi¢n thiét ké mach diéu khién dong co bao gém
ESP32, ngudn cap cho dong co bude va driver cho dong co budc.

CCiCC

o

Hinh 3.11: Mach diéu khién dong co

b. Hé thdng phan cimg hoan thién
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¥ i}

Hinh 3.12: Hé thdng phan ctng hoan thién
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3.2 Thiét ké phan mém trén ESP32
3.2.1 Luwu do thudt todn:

N
Serial.available=1?
N
Servo1=180; '
113 LE) ’ Y Z:();
Char = “reset Servo2=0; LT
. . Serial.print “done
dir=0;step active;
v Dir=1;
Servol=180; step=40*Z; —— . .
Char = « 95 —0- . Sel‘lal.prlnt
ar = “mattruoc Servo2=0; Zht=10; “done”
Z=Zmt-Zht; [ Diro: one
step=40*Z; +——
Zht=10;
Servol=180 R I
ervol=180; —40*7: . .
e« > —n. step—40"Z; Serial.print
Char = “matsau Servo2=0; Zht=10; — adone” [
Z=Zmt-Zht; [ D one
step=40*Z; ——
Zht=10;
v Dir=1;
Servol=180; step=40*Z; Serial print
Char = “mattrai” Servo2=0; Zht=10; > e‘f(lia .prjn
7=Zmt-Zht; = one
step=40*Z; —
Zht=10;
v Dir=1;
Servol=180; step=40*Z; — Serial print
Char—maphai” >~ Serc2-0: e ||y Seitprin
Z=Zmt-Zht; Dir0; one
R step=40*Z; ——
Zht=10;
Dir=1;
Servol=180; Y :
> step=40*Z; : :
Char = “mattren” servo2=0; Zht=10; Se‘%al.p r’}nt
- . one
Z=7mt-Zht; . Dir=0:
step=40*Z,
Zht=10;
Serrial.print”Lenh

khong hop le”

Hinh 3.13: Luu do thuat toan ESP32

3.2.2 Gidi thich téng quan
« Muc dich: Thuat toan diéu khién servo dé xoay san phdm qua céac vi tri twong tng

v6i1 cac mat (trudce, sau, trai, phai, trén) dya trén cac 1€énh nhan dugc tir giao dién phan
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mém (vi du: reset, mattruoc, matsau, v.v.). Sau khi hoan thanh mdi bude xoay, ESP32
gtri phan hoi "done" dé thong bao cho phan mém.
« Ciac thanh phan chinh:
o Servol va Servo2: Hai servo hoac dong co budc dugce str dung dé diéu khién
chuyén dong (co thé dai dién cho hai truc quay).
o Z=Zmt-Zht: Bién Z dai dién cho vi tri hién tai, dugc so sanh véi ngudng Zmt
(vi tri myc tiéu) va Zht (bude di chuyén).
o dir: Huéng di chuyén (1 cho di 1én, 0 cho di xubng).
o Char: Lénh nhan duoc tur ph?m mém (vi du: reset, mattruoc, v.v.).
« Ludng hoat dong: Bat dau tir trang thai "Start", hé thong kiém tra tinh sin sang cia
cong ndi tiép (Serial.available), sau d6 xir 1y cac 1énh va diéu khién servo dua trén
gi4 tr1 cua Char.

3.2.3 Phan tich chi tiét luong hoat djng
a. Khoi dau (Start)

o Picu kién: Kiém tra Serial.available == 1?
o Néu Khong (N): Hé thong cho dir liéu tir cong ndi tiép (khong ¢ 1énh moi).
o Néu C6 (Y): Chuyén sang doc 1énh Char.
b. DPoc Iénh (Char)
e Heé thdng doc ky tu 1énh tir cong nbi tiép (Serial.read()). Cac 1énh bao gdm:
o reset
o mattruoc (mdt trudc)
o matsau (mat sau)
o mattrai (mat trai)
o matphai (mat phai)
o mattren (mat trén)
e MSJi Iénh tuong tng voi mot vi tri muyc tiéu (Zmt) va chudi diéu khién servo.
c. Xu ly 1énh reset
e Thao tac:
o bDat Servol =180, Servo2 = 0.
o Pit dir = 0 (hudng di xudng), step = active (bat dau di chuyén).

e Muc dich: Pua hé thong vé trang thai ban dau (vi tri gbc) bang cach dit servo
veé goc 180° va 0°.

e Kiém tra: So sanh Z = Zmt - Zht v&i ngudng Z > 0?
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o Néu Co (Y): Giam Zht (di chuyén xudng), lip lai kiém tra.

o Néu Khéng (N): Gtri "done" qua cong ndi tiép (Serial.print("done")) dé bao
hiéu hoan tat.

d. Xur 1y 1énh mattruoc (mat trudce)
e Thao tac:
o bat Servol =180, Servo2 = 0.
o Pit dir = 0 (huéng di xudng), step = 40, Zht = 10.

e Muc dich: D%éu chinh servo dé xoay san phim dénqmét trudce, voi step =40 la
budc di chuyén va Zht = 10 1a khoang céach di chuyén nho.

e Kiém tra: So sanh Z = Zmt - Zht v6i ngudng Z > 0?
o Néu Co (Y): Giam Zht, 1ap lai kiém tra.
o Néu Khéng (N): Gui "done".
e. Xu ly 1énh matsau (mat sau)
e Thao téc:
o bat Servol =180, Servo2 = 0.
o batdir =0, step =40, Zht = 10.

e Muc dich: Tuong ty nhu mattruoc, nhung diéu chinh dé xoay dén mat sau. Cac
gia tri step va Zht c6 thé dugc dieu chinh dé phu hop vi vi tri cu the.

e Kiém tra: So sanh Z > 0? va lap lai néu can, sau d6 giri "done".
f. X1 Iy 1€nh mattrai (mat trai)
e Thao tac:
o bat Servol =180, Servo2 = 0.
o batdir =0, step =40, Zht = 10.
e Muc dich: Xoay san pham dén mat trai voi cac thong sé diéu khién tuong tu.
e Kiém tra: So sanh Z > 0?2, giri "done" khi hoan tét.
g. Xt ly 1énh matphai (mat phai)
e Thao tac:
o bat Servol =180, Servo2 = 0.
o batdir =0, step =40, Zht = 10.
e Muc dich: Piéu chinh servo dé dua san pham dén mat phai.
e Kiém tra: So sanh Z > 0?, giri "done" khi xong.
h. Xt 1y Iénh mattren (mat trén)

e Thao tac:
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o Dat Servol = 180, Servo2 =0.

o batdir =0, step =40, Zht = 10.
e Muc dich: Xoay san pham dén mit trén voi cac thong sé diéu khién tuong tu.
e Kiém tra: So sanh Z > 02, giri "done" khi hoan tt.

i. Két thuc (Serial.print "Lenh khong hop le")

o PDiéu kién: Néu lénh Char khong khdp véi bat ky 1énh nao trén, hé théng giri
thong bao "Lenh khong hop le" (1énh khong hop 1€).
° Mgc di‘ch: Bz:lo hiéu 16i hozc 1énh khong dugc nhan dién, gitp ngudi dung hoic
phan mém diéu chinh.
Giai thich vé dir (hwéng di chuyén)

o dir =1 (di lén): Huéng di chuyén ting dan theo gia tri Z (chua thiy trong ludng do,
c6 thé duoc sir dung trong cac trudng hop khéc).

o dir = 0 (di xudng): Huéng di chuyén giam dan theo gia tri Z, dugc st dung trong tat
ca cac 1énh trong ludng d6 nay. Picu nay cho thay hé théng duoc thiét ké dé xoay san
pham tir mot vi tri cao vé vi tri thdp hon (hodc ngugc lai tiy cau hinh servo).

3.2.4 Co ché hoat dong tong quidt

a. Khéi dong: Hé thong kiém tra két ndi cong ndi tiép.

b. Nhén 1énh: Poc 1énh tir phan mém (qua Serial.read()).

c. Diéu khién servo: Dua trén lénh, dit g6c cho Servol va Servo2, xac dinh hudng dir
va budc di chuyén step.

d. Piéu chinh vi tri: So sanh Z = Zmt - Zht v6i ngudng Z > 0 dé diéu chinh dan vj tri,
v6i Zht giam dan cho dén khi dat muc tiéu.

e. Hoan tat: Khi Z <=0, giri "done" dé thong bao hoan thanh.

3.3 Thiét ké phan mém trén may tinh
3.3.1 Tong quan cdc chirc nang chinh

Du6i day 1a mé ta tong quan hé thong dwéi dang ciac module chinh, gitip 1am 1
cau tric phan mém va vai tro cua tirng thanh phan:
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Thiét 1ap va
cau hinh ché
d0 hoat dong

Giao tiép phan
clrng

Phan mém
nhan dang
diém den

Chup anh va
Iwu triv

Phan tich anh
va phat hién
diém den

Thiét lap va
qua ly vung xtr
ly

Giao dién
ngwdi dung

Hinh 3.14: So d5 mo6 ta cac chirc nang chinh cia phan mém

Bang 3.2: Céc chutc niang chinh ctia phin mém

Thuw vién st

Tinh ning/Chi tiét

STT | Tén Module Chirc nang chinh Ze o A
dung noi bat
Giao tiép phin | Gui Iénh diéu khién mé to Retry tbi da 2 1an
1 | cting (Serial quay dén ESP32, nhén serial khi khong nhén
Communication) | phan hoi x&c nhan (done). phéan hoi
. . Chup anh tirng mat san
) I(EEEI; gﬁlzl‘r/r?a . pham, luu anh gbc OpenCV, Do phan giai anh
Capture) & (RawData/) va anh xur Iy datetime, os | 2048 x 1536 px
P (PicData/).
Phan tich anh & Ca:[ an,h thecg vung ? a glac OpenCV, ~ .2
e 2 hodc tach nén tu dong, V& contour diém
3 | phat hién diém 2, numpy, A2 L s
chuyén anh sang grayscale, den 1&€n anh ket qua
den ORI rembg, PIL
phat hién diém den.
Hién thi giao di¢n diéu_ ‘
Giao dién nguoi | <Puen, chon mdt san pham, -} . Khung trai (dieu
4 ding (GUI) ché do Auto/Manual, xem PIL ImaceTk khién), gitra (anh),
& anh két qua, thiét lap ving AMABCLX | bhai (két qua)
cat
Quan I viin V& viing cit da gidc trén H3{ tro nhdp sb
z Y & anh, luu toa do vung cat cv2, json, canh, kéo tha diém
5 | cat (Crop \ \ : . Z 13
. vao file JSON, reset ving | filedialog vung cdt bang
Configuration) Lo . s
cat mac dinh chuot
Quan 1}/ ché do Chuyer} doi gitra cl}e dov Kidm sodt didy
hoat dong Auto va Manual, dam bao o . ,
6 . , X an o kién logic trudc
(Operation chi 1 ché d9 hoat dong, thao tc
Mode) kiém sodt logic thao tac
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3.3.2 Luwu do thudt todn

Khéi tao hé thong
GUI, camera, Serial,
tai cAu hinh hé thong

Y N
v v
AUTO MANUAL

Giri Iénh ciac mat cho Giri 1¢nh cAc mit cin
ESP32 phan tich cho ESP32

v \ 4
Cho phan héi “done” Cho phan hdi “done”

v v

Chup va luu anh Chup va luu anh
RAW RAW
Pa thuc hién
di cac mat

Chuyén anh sang ‘

hé mau gray

— phat hién va danh

Dung thuit toan

diu diém den

v
; A aA N Y . A X
Pa c6 vung cat anh "I‘hlef lgp:vung ?(oa nf n ban‘g' >
0a nén bang ta vung cat da giac
N Xéa nén bing
REMBG
BLACK SPOT DETECTION

Hién thi két qua Lén GUI

Hinh 3.15:Luu d thuat toan phan mém
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3.3.3 Phdn tich luéng dé thugt todn

Lubng dd thuat toan nay mo ta quy trinh hoat dong cua hé thong kiém tra bé mit san
pham bang hinh anh, bao gom ca ché @6 Tu dong (Auto) va Thu cong (Manual). Duoi day
13 phan tich chi tiét timg budc, duoc trinh bay rd rang va két luan cudi cung.

a. Khai dau (Start)

e MO ta: Hé thong bét dau bang viée khoi tao cac thanh phan chinh, bao gdm GUI
(giao dién nguoi dung), camera, cong nbi tiép (Serial), va thiét 1ap moi trudong
hoat dong (tai cAu hinh, két ndi phan cing).

e Muc dich: Pam bao tit ca cac thiét bi (camera, ESP32) san sang va két ndi 6n
dinh trude khi thue hién quy trinh kiém tra.

e Piéu kién: Chuyén sang budc tiép theo dé kiém tra ché d6 van hanh.
b. Kiém tra ché d6 (Auto = 1?)

e Mo ta: H¢ théng kiém tra xem ché do dugc chon 1a Ty dong (Auto = 1) hay
Thu cong (Auto = 0).

o Néu C6 (Y): Chuyén sang nhanh AUTO.
o Néu Khong (N): Chuyén sang nhanh MANUAL.

° M}.lc dich: Phan nhanh quy trinh dua trén lya chon cua nguﬁfi dfmg, dam bao hé
thong hoat dong theo ché dd phu hop (tu dong hoa hoac dieéu khién thu cong).

e Y nghia: Cung cip tinh linh hoat, cho phép hé thdng thich nghi véi cac kich
ban sir dung khac nhau.

c. Nhanh AUTO (Ché d6 Tu dong)
e MO ta:
o Giri 1énh ty dong dén ESP32: Phan mém ty dong gri cac 1énh dicu khién
(vi du: mattruoc, reset) dén ESP32 dé€ xoay san pham qua cac mat.

o Cho phin hoi "done": ESP32 thyc hién 1énh va giri phan héi "done" khi
hoan tat.

e Muc dich: Ty dong hda toan bd quy trinh xoay va chup anh, gidm sy can thi¢p
cua con nguoi, phu hgp véi san xuat hang loat.

e Tiép theo: Chuyén sang budc chup anh.
d. Nhanh MANUAL (Ché d6 Thu cong)
e MO ta:
o Giri 1énh thia cong dén ESP32: Nguoi dung chon mat can kiém tra qua
GUI va gtri 1énh twong tmg dén ESP32.

o Chd phan hdi "done": ESP32 xoay sin pham dén vi tri yéu cau va giri
phéan hoi "done".

e Muc dich: Cho phép nguoi dung kiém soét thii cong ting budce, phu hop cho
kiém tra chi ti€t hoac kiém tra lai.
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e Tiép theo: Chuyén sang budc chup anh, twong ty nhanh AUTO.
e. Chup anh va luu anh (Chyp anh tir camera RAW)

e MO ta: Sau khi nhan "done", hé théng st dung camera dé chup anh mat san phém va
luu vao thu muc RAW (RawData/).

L. OICI0]

025-06-08 04-31-36 raw_2025-06-08 04-32-28 raw_2025-06-10_22-53-10 raw_2025-06-10_23-51-17 raw_2025-06-12_21-28-5

Truoc jpg Truoc jpg Truoc jpg Truec.jpg Truoc jpg

w_2025-06-12_21-30-55 raw_2025-06-12_21-34-18 raw_2025-06-12_21-356-05 raw_2025-06-12_21-53-35 raw_2025-06-12_22-01-05

Truoc jpg Truoc jpg Truoc jpg Truoc jpa Truocjpg

Hinh 3.16: Luu trit hinh anh tho

ajej

outpat_2025-05-11_133 output_2025-05-11_131 output_2025-05-11_13-2 output 2025-05-11_13-4
3-09_Truoc jpg 3-30_Truoc jpg <.y 0-26_Truoc jpg

output_2025-05-11_13-4 output_2025-05-11_134 output_2025405-11_13.4 output_2025-05-11 134 utput_2025-05-11
2-09 Truoc po 2-19 Truoc.jpg 2-27 Truoc.jpg 2-41_Truoc |pg 1-1¢_Truoc g

Hinh 3.17: Luu trit hinh 4nh da qua xt ly

* Muyc dich: Ghi nhén dir li¢u hinh anh thé lam co s¢ cho qua trinh xur ly, dam
bao dir liéu dau vao chinh xac va day du.

e PDiéu kién: Kiém tra Ba xu 1y chua?
o Néu Cé (Y): B6 qua budc xir Iy nén, chuyén sang xir 1y tiép theo.
o Néu Khéng (N): Tién hanh xtr Iy nén.

f. Xir Iy nén (X6a nén bang ving cat hoic REMBG)

e Mo ta:

o Néu ¢ vung czit (ROI): Str dyng vung cat da dinh nghia dé tao mat na
(mask) loai bo nén.
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Hinh 3.18: Hinh anh d3 xtr Iy khi 4p dung vang cét

o Néu khong c6 vung cat: Sir dung thu viéen REMBG dé tu dong loai bd nén.

Hinh 3.19: Hinh anh d3 xir 1y khi khong ap dung ving cit

e Muc dich: Loai bo cac phan khong lién quan (nén) dé tap trung vao bé mit san
pham, gidm nhi€u trong qua trinh phat hi¢n khuyét diem. Pong thoi, khi kiém
tra ngoai quan, cac vi tri xung quanh mép dudi ciua san pham s€ khong can phai
ki€ém tra boi vi céac vi tri nay khong che khuat bo1 mang bao vé cia cong doan
sau. Vay nén, cac vi tri nay s€ dugc dé lai cho cong doan ki€ém tra dan mang
bao vé.

e Piéu kién: Kiém tra X6a nén bang ving cit chwa?

o Néu C6 (Y): Chuyén sang chuyén d6i anh xam.
o Néu Khéng (N): Str dung REMBG va tiép tuc.
g. Chuyén ddi va xtr Iy anh (Black Spot Detection)

e Mo ta:

o Chuyén sang anh xam: Chuyén anh tir RGB sang grayscale dé don gian
hoa xu ly.

o Phan ngudng va phat hién diém den: Ap dung ngudng dé xac dinh ving
toi nghi la diém den.

o Danh diu contour: Sir dung thuat toan contour dé vé duong vién quanh
khu vuc khuyét diém.
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e Muc dich: Phat hién va dinh vi chinh x4c cac diém den trén bé mat san pham,
dap ung tiéu chuan ki€ém tra chat lugng.

e Tiép theo: Chuyén sang hién thi két qua.
h. Hién thi két qua trén GUI

e M0 ta: Anh di xur 1y (v6i cac diém den duoc danh ddu) dugc hién thi trén ving
canvas cua GUI, cung voi két qua kiém tra (s0 luong khuyét di€m, trang thai).

e Muc dich: Cung cip phan héi truc quan cho nguoi ding, hd tro danh gia va luu
trlr dir liéu de thong ké.
e Két thic: Quy trinh hoan tat khi két qua duoc hién thi.

3.3.4 Két lugn

Luu d6 thuat toan nay mo ta mot quy trinh kiém tra bé mat san pham bang hinh anh 18
rang, logic va linh hoat, véi hai ché d6 van hanh (Ty dong va Thu coéng) dé dap tng cac nhu
cau khac nhau. Hé thong bat dau bang viéc khoi tao thiét bi, chon ché d6, gui 1énh dén
ESP32 dé diéu khién servo, chup anh, xir Iy anh bang cac budc tach nén (ROI/REMBG),
chuyén doi xam, phan ngudng va phat hién contour, cudi ciing hién thi két qua trén GUI. Su
két hop gitra ty dong hoa (danh cho hiéu qua cao) va diéu khién thu cong (danh cho tinh linh
hoat) lam tang gia tri thuc tién ctia hé théng. Tuy nhién, hi¢u suét co thé duoc tdi wu hon
bang cach cai thién téc do xir 1y anh hodc tich hop thém cac thuat toan phat hién khuyét
diém khac (nhu vét xude) trong twong lai.
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Chwong 4: THIET KE CHUONG TRINH PIEU KHIEN HE THONG

4.1 Mo ta chung

Heé thong kiém tra bé mat san phadm bang hinh anh duogc thiét ké dé tu dong hodc thi cong
chup anh tirng mat cua san pham thong qua camera, sau d6 xu 1y anh dé phat hién cac khuyét
diém, cy thé 1a cac diém den trén bé mat. Hé thong tich hgp phan mém giao dién ngudi ding
(GUI) duoc viét bang Python véi thu vién Tkinter, cho phép tuong tac truc tiép v6i phan cimg nhu
ESP32, camera USB, servo hodc dong co budc. Phan mém ho trg hai ché do van hanh: Tu dong
(Auto Mode) va Thu cong (Manual Mode).

Muc dich :

e Tu dong hoa kiém tra chat lugng: Hé thong nham thay thé hoic hd trg con
nguoi trong vi¢e kiém tra bé mat sdn pham, ddm bao phat hién cac khuyét
diém mot cach nhanh chéng, chinh x4c va nhat quan.

e Nang cao hi€u qua san xuat: Giam thoi gian va cong strc kiém tra thu cong,
dac biét trong cac day chuyén san xuat quy mo 1on.

e Dam bdo tinh linh hoat: Cung cap ca ché do tu dong (phu hop vdi san xuat
hang loat) va thu cong (phu hop vai kiém tra chi tiét hodc ki€m tra lai).

e HO tro phan tich dir liéu: Luu trit va hién thi két qua kiém tra dé phuc vu thong
ké, phan tich va cai thién chat lugng san pham.

4.2 Quy trinh vin hanh tong quat
Quy trinh hoat dong dugc thuc hién qua cac budc chinh:
4.2.1 Khéidong hé thong
a. Mo ta:

e Ngudi ding bat phan mém giao dién.

e Phan mém khéi tao cac tham sb, két ndi toi thiét bi ESP32 qua UART, m&
camera va tai cau hinh vung cat (ROI).

b. Muc dich:

e Chuan bi hé thong sin sang hoat dong: Khoi dong phan mém va thiét 1ap cac
thong s6 ban dau dé dam bao tat ca cac thanh phan (phan mém va phan cling)
hoat dong dong bg.

o Thiét 1ap két ndi véi phan cimg: Két ndi voi ESP32 qua UART dé dam bao
giao tiep dang tin cay gitra phan mém va phan cung, cho phép gtri va nhéan 1énh
chinh xac.

e Kich hoat camera: M& camera dé sin sang ghi nhan hinh dnh, ddm bao dir li¢u
dau vao cho qua trinh xtr 1y anh.

e Tai cau hinh viing cit (ROI): Tai cac thong s6 ving quan tam (néu co) dé tap
trung xur ly anh trong khu vuc can thiét, gitp tang hi¢u qua va gidm thoi gian
xu ly.
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e DPim bao trang thai ban diu 6n dinh: Khoi tao cac tham sb giup hé thong
hoat dong trong trang thai dugc ki€m soat, tranh 161 do cau hinh khong dung.

4.2.2 Lwa chon ché dj vin hanh

# Chen phuong phép chup — O >

Chon phwong phap chup:

Chay thi céng

Chay tw dong

Hinh 4.1: Giao dién luva chon ché do van hanh
a. Mo ta:
e Ngudi ding chon ché d6 Ty dong hoidc Thu cong thong qua niit chuyén ché do
trén giao dién.
b. Muc dich:

e Cung cép su linh hoat cho nguoi dung: Cho phép ngudi dung chon ché do
van hanh pht hop véi nhu cau cy thé, chang han nhu kiém tra nhanh toan bo
san pham (Tu dong) hodc kiém tra chi tiét mot sé mat (Thu cong).

e Ting tinh twong tic: Giao dién GUI v6i nut chuyén ché do gitp nguoi dung
de dang diéu khién hé thong ma khong can kién thirc k¥ thuat sau.

e Dinh huong quy trinh van hanh: Lya chon ché do xac dinh cach hé thong
thuc hién cac bude tlep theo, dam bao quy trinh phit hop voi muc tiéu kiém tra
(toc do hoac do chi tlet).

* Dap ing cac kich ban sir dung khac nhau: Ché do Tu dong t61 wu cho san
xuat hang loat, trong khi ché d§ Thu cong phu hop cho kiém tra lai hoac phan
tich chuyén sau.

4.2.3 Diéu khién phin cieng
a. Mo ta:

e Dua vao ché d6 di chon, phﬁn mém gui cac lénh diéu khién (vi du: mattruoc,
matphai, reset) dén ESP32.

e ESP32 diéu khién servo hoic dong co budc dé xoay mit san pham tuong tng.
e Sau khi hoan tat, ESP32 guri phan hoi "done".
b. Muc dich:

¢ Dieu khién chinh xac vi tri sin pham: Dam bdo san pham dugc xoay dung
mat can kiém tra dé camera c6 thé chyup anh chinh xac.
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e Dong bd héa phin cing va phan mém: Céc lénh tir phan mém dén ESP32 va
phan hoi "done" dam bao rang mdi bude xoay hoan tat trude khi chuyén sang
budc chup anh, tranh 16i dong bo.

e Tu dong héa chuyén ddng: Servo hoic dong co bude gitp tu dong xoay san
pham, gidm thi€u su can thi€p cua con nguoi va tang hiéu qua ki€ém tra.

e H{ tro kiém tra toan dién: Cho phép hé thdng kiém tra timg mit san pham
mot cach co hé thong, dac biét trong ché d0 Tu dong.

e Dam bio dd tin cdy: Phan hoi "done" tir ESP32 x4c nhén ring thao tac phan
cung da hoan tat, gidm nguy co 101 trong qua trinh van hanh.

4.2.4 Chup danh va luu danh
a. MO ta:
e Khi nhan phan hdi "done", phan mém tién hanh chup anh théng qua webcam.
e Anh dugc luu lai vao thu muc theo phan loai tirng mat (RawData/, PicData/).

b. Muc dich:

e Ghi nhin dir liéu hinh anh: Chup anh dé cung cép dir liéu dau vao cho qua
trinh xtr ly va phén tich khuyét diém trén bé mat san pham.
Pam bio chit lwong anh diu vao: Chyp anh ngay sau khi nhan "done" dam
bdo rang san pham da dugc dinh vi ding, giip anh chup c6 goc nhin chinh xéc.

Lwu triv dit liéu ¢6 td chire: Luu anh vao cic thu muc riéng (RawData/,
PicData/) theo tirng mét san pham gitp dé dang quan ly, truy xuat va phan tich
sau nay.

Ho6 trg kiém tra va th(‘ing ké: Anh duoc luu lai phuc vu cho viéc phan tich
khuyét diém, kiém tra lai hoac bao cdo chat luong san pham.

Tao co so' cho xir ly anh: Anh tho (raw) la d‘ﬁu vao quan trong cho cac budce
xur 1y ti€p theo, ddm bao h¢ thong co dir li¢u day du dé phat hién khuyét diém.

4.2.5 Xwly anh va phdn tich 16i
a. Mo ta:

e Néu co ving cit (ROI) dinh nghia sin — dung dé tao mask xir 1y.

e Néu khong, sir dung thu vién rembg dé loai bo nén san phém.

e Chuyén anh sang anh xam (grayscale).

e Phan ngudng anh dé phat hién ving tdi nghi 1a diém den.

e Ap dung thuat toan phat hién contour dé danh diu khu vuc khuyét diém.
b. Muc dich:

e Tap trung vao khu vue cin kiém tra: St dung ROI hoic rembg dé loai bo cac
phan nén khong 1ién quan, giup gidm nhicu va tap trung vao bé mat san pham.

e Téi wu hoéa xir Iy anh: Chuyén anh sang grayscale giam do phirc tap tinh toan,
tang toc do xu Iy va chuan bi cho budc phan ngudng.
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e Phat hién khuyét diém chinh xac: Phan ngudng anh duya trén do sang giup xac
dinh céc vung to1 (diém den) theo ti€u chuan dugc dinh nghia (ngudng = do
sang trung binh * 0.6).

e DPanh diu va dinh vi khuyét diém: Thuit toan contour gitip xac dinh va danh
dau chinh xac vi tri, kich thude cua cac diém den, cung cap thong tin truc quan
va dé hiéu.

e Dam bio dap ng tiéu chuin chét lwong: Quy trinh xir Iy anh duoc thiét ké
dé phat hién cac khuyét diém nho (=0.02 mm?), dap trng y€u cau ki€ém tra chat
luong cao trong san xuat.

4.2.6 Hién thi két qud va ghi log
a. MO ta:
e Anh di xtr Iy duoc hién thi trong viing canvas giao dién GUIL
o Két qua kiém tra duoc hién thi, lvu lai dé théng ke.
b. Muc dich:

e Cung cip phan hoi true quan: Hién thi anh da xit Iy v6i cac ving khuyét diém
dugc danh dau (vi dy: duong vién do quanh diém den) gitip nguoi dung dé dang
danh gié két qua kiém tra.

HG tro ra quyét dinh: Két qua kiém tra duoc hién thi ngay 1ap tirc cho phép
nguoi van hanh quyét dinh san pham dat hay khong dat ti€éu chuan chat lugng.

Luru trir dir li¢u dé phan tich: Ghi log két qua kiém tra vao hé théng gitp theo
doi lich str, thong ké ty 1€ khuy€t tat va cai thién quy trinh san xuat.

Ting tinh twong tiac véi nguwoi dung: Giao dién GUI cung cép trai nghiém
truc quan, gitp nguoi dung khong chuyén cling cé thé hiéu va st dung hé thong.

HOb tro bao cdo va truy xuat: Dit liéu luu trit (anh va két qua) co thé duogc sur
dung dé tao bao céo chat luvong hodc kiém tra lai khi can.

c. Pic diém cua quy trinh:

e Pam bao quy trinh kiém tra c6 to chic: Quy trinh dugc chia thanh cac bude
r0 rang dé dam bao hé théng hoat dong 6n dinh va d& dang bao tri.

e Ting tinh twong tac voi ngudi dung: Giao dién GUI giup nguoi dung dé dang
khoi dong, chon ché d6 va theo doi két qua.

e Tich hop phan cing va phan mém: Két ndi chit ché giita phan mém va phan
cung (ESP32, camera) dam bao diéu khién chinh xac va xur 1y dit liéu hiéu
qua.

e Luu trit dit lidu: Luu anh va két qua kiém tra dé phuc vu phén tich chit luong

san pham hodc truy xuat khi can.
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4.2.7 Uu diém ciia quy trinh:
e Tinh tuan ty va logic: Cac budc dugc thiét ké dé to1 uu hoa hi¢u suat, tr khéi
dong, chup anh dén xu ly va hién thi két qua.

e Kha nang mé rong: Quy trinh nay cho phép thém cac budc hoac tich hop cac
thiét bi phan ciing méi néu can.

e DO tin cAy: Phan hoi "done" tir ESP32 dam bao rang moi bude diéu khién phan
clrng da hoan tit trwedre khi chuyén sang buwée tiép theo, gidm nguy co 16i.

4.3 Nguyén ly hoat dong ché d¢ Tw dong 7 N ‘
Trong ché do Auto, toan by qua trinh ki€m tra dién ra ma khong can tuong tac tay
nguo1 dung.

Quy trinh chi tiét:
Bwéc 1: Guri 1énh "reset" dén ESP32 dé dua hé thong vé trang thai ban dau.

Bude 2: Lan luot thuc hién cho ting mat san phém (theo thtr ty: Trudce, Sau, Trai,
Phai, Trén):

e Gui lénh diéu khién ESP32 xoay mit twong (ng.
e Cho ESP32 phan hoi "done".
e Chuyp anh mit dang huéng vé phia camera.
e Luu anh va thyuc hién xtr 1y anh theo quy trinh phat hién diém den.
Buwéc 3: Sau khi kiém tra dil cac mat, hé théng hién thi két qua téng hop.
Uu diém: Nhanh chéng, nhat quan, tiét kiém cong sirc ngwoi van hanbh.

4.4 Nguyén ly hoat dong ché d§ Thi cong ‘ 7
Ché d¢ Manual cho phép nguodi dung tu diéu khién tirng budec.

Quy trinh chi tiét:
« Nguoi dung nhan niit chon mit can kiém tra tir GUI.
« Gui 1énh tuong tng dén ESP32.
« Sau khi servo xoay mit xong va gui "done", hé thong chup anh.
« Anh dugc xir 1y va hién thi ngay lap tirc.
Uu diém:
o Linh hoat khi can kiém tra lai hodc kiém tra cuc bd mot vai mat.

4.5 Phain tich thuit toan xir Iy anh va phat hién diém den
Quy trinh xtr ly anh str dung thu vién OpenCV va dién ra theo cac budc sau:

4.5.1 Tdich nén sin phim:

e Néu nguoi dung da vé da giac ving cat — dung dé tao mat na (mask).

e Néu chua, dung rembg dé tu dong loai bo nén.
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4.5.2 Chuyén doi khéng gian mau:
e Chuyén anh RGB sang anh xam.

4.5.3 Phan tich dp sang:

Véi dicu kién bat 101 diem den 1a 60%, thuc hién tinh toan do sang trung binh cua san
pham va nhan voi hé s6 0.6 d¢ dam bao co the phat hién cac diém c6 do xam bat thuong va
theo tiéu chuan.

e Tinh d§ sang trung binh ctuia vung san phém.
e Thiét lap ngudng diém tbi:
Threshold = Brightness_avg * 0.6. 4.1)

4.5.4 Quét tirng vung nho:
Phuong phap thiét lap vung nho:

Budc 1: Tinh kich thudc thuc té ciia 1 pixel
- Chiéu ngang (2048 pixel ing v6i 75mm):

75mm
2048

~ 0.0366mm/pixel (4.2)

- Chiéu doc (1536 pixel tng v6i 60mm):
60mm
1536

~ 0.0391mm/pixel (4.3)

Budc 2: Tinh kich thudc cua khung nhé: dya trén tiéu chuan bat diém den cta hé thong, cac
diém den can bat c6 kich thude >0.02mm?. Vi vy, ta can chon khung nhé c6 kich

thude nhé hon 0.02mm?.

- Ngang: v0.02 = 0.14 = 0.0366 * 3 = 0.1098mm (4.4)
- Doc: v0.02 = 0.14 = 0.0391 * 3 = 0.1173mm (4.5)

Budce 3: Két luan:

1. Khung nho 1a mot khung anh 3x3 pixel c¢6 kich thudc thuc té xap xi:0.11mm *
0.12mm

e Duy¢t anh theo ting vung 3x3 pixel.

e Néu trung binh viing d6 < ngudng sang — danh dau 1a diém den.
2. Lam min va trich xuit contour:

e Lam muot két qua bé“mg bo loc trung vi.

e Tim contour xung quanh cac ving duwgc danh dau.
3. V& va lru két qua:

e Cac vung dugc v& bang dudng vién do.

e Anh két qua dugc luu phuc vu phan tich va kiém tra
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4.6 Giao tiép phin mém — phin cirng

Bang 4.1: Mo ta vai tro va chirc nang ting thanh phan

Thanh phan Vai tro M5 ta
ESP32 Pidu khidn thiétbj | hran lénh tr GUL xoay mat, tra vé
done
Camera USB Ghi nhén hinh dnh Cung cp dit liéu anh dé xt Iy
Phin mém (Python) ?1eu khién va xu ly Gm lﬁ_fih, phan tich anh, di€u khién
anh giao dién
Nguoi ding Twong thc GUI L}Ia chpn ché do, ki€ém tra va quan sat
két qua
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Chwong 5: KET QUA THUC NGHIEM

5.1 Anh chup miu tirng mit sin phim

L]

Mat trudc Mat sau
Mat phai Mat trai

-

Mait trén
Hinh 5.1: Hinh anh chyp chua qua xt Iy ctia cic mit san phim
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5.2 Két qua phan tich diém den

Trung binh 224 44 | Min: 195 00 | Max. 255.00 | Vung & inh 220311 0 164 00 | Max & 0 | Vang don O
Mat trude Mit sau

Trung binh 212 01 | Min! 140 ax. 254 00 | Vang den 0 Trung binh: 212 86 ) M 144 00 | Max: 255 00 | Ving den O
Miit phai Mat trai

Trung binh 215 18 | Min. 0.00 | Max. 25500 | Vong den' 1

Mat trén
Hinh 5.2: Hinh anh d4 qua xur 1y ctia cac bé mit san phim

5.3 D9 chinh xac nhan dién
Nham han ché nhi€u do hién twgng d6 bong va cac phan ria khong mong mudn xung
quanh san pham, chuong trinh st dung phuong phap cat anh theo khung c6 toa do co dinh.
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Céch tiép can nay giup tap trung xur Iy vao ving quan trong, tir 6 nang cao do chinh xac
trong viéc nhan dién diém den bat thuong.

Thuat toan phat hién diém den dua trén d6 xam trung binh cua vung anh con
(WindowSlide), voi cac ngudng dugc thiét lap truoe dé diéu chinh mirc d6 nhay. Nguoi
dung c6 thé siét chit hodc ndi 1ong tiéu chuan phat hién bang cach thay dbi cac hé so lién
quan dén do xam. Pong thoi, dién tich ving phat hién ciing phu thudc truc tiép vao kich
thude cia WindowSlide. Viée ting hodc giam kich thudc nay cho phép diéu chinh mirc do
phat hién 16i pht hop voi yéu cau thyc té. Bén canh d6, thoi gian chay trung binh trong mdi
1an kiém tra dat 40 gidy, da dam bao dugc yéu cAu veé cai thién téc do kiém tra khi hoat dong
trén chuyeén.

Pé kiém tra tinh 6n dinh va chinh x4c cta hé thdng, ta c6 thé ap dung phuong phap
kiém tra GRR

5.3.1 Gidi thi¢u vé phirong phdp kiém tra GRR
GRR 1a viét tit cua Gage Repeatability and Reproducibility — mot phU’O'ng phap trong
MSA (Measurement System Analysis) dung dé danh gia do tin cdy cua hé théng do lwong.

Muc dich cua kiém tra GRR: GRR dwoc dung dé xac dinh xem hé thong do c6 du on
dinh va dang tin cdy hay khong, bang cach danh gia:

* Repeatability (d9 lap lai) — sai so do thiét bi do gy ra khi cing mot ngudi do
1ap lai nhiéu 1an trén ciing mot mau.

o Reproducibility (a9 tai 1ap) — sai s do ngwdi do khac nhau do ciing mot mau
bang cung thiét bi.

Phwong phap kiém tra GRR gdm cac bwéc chinh:

e Chon mau: Thwong ldy 10 mau dai dién cho dai san pham (t6t, xau, trung
binh...).

e Chon nguwoi do (operator): 2-3 nguoi do.

e Lip lai phép do: Mdi ngudi do tirg mau 2 hodc 3 lan, theo thir tu ngau nhién
dé tranh nhé gia tri.

e Thu thap dit liéu va phan tich bang phan mém.

e Két qua GRR: Tra vé cic ty 1& phan trim thé hién muc anh huwdng cua
Repeatability, Reproducibility va tong GRR.

Tiéu chuan danh gia GRR:
e GRR<10% — H¢ théng do tot, chép nhan.
e 10% < GRR < 30% — C6 thé chip nhan, nhwng nén xem xét cai thién.
e GRR >30% — Hé thong do khong dat, can cai thién hodc thay doi.

5.3.2 Lwa chon méu:

Pé kiém tra GRR cho hé théng, can phai thuc hién thu thap va chon ra 10 mau thir
diém den c6 dic diém nam trong dai san pham tét - trung binh - xau twong mg véi cac
khoang tiéu chudn vé d6 xam va kich thudc nhu sau:
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Bang 5.1: Tiéu chuan danh gid mtrc d6 16i

Do xam
> 60%
Dién tich
<0.02mm? Tét
0.02 mm? - 0.03mm? Trung binh
>0.03mm? Xau

Béang 5.2: Danh sach va dac diém ngoai quan mau kiém tra

S6 miu Phén ) )
thir . Pac di€ém ngoai quan loi Panh gia mirc do

nghiém dinh .

1 NG Mit trude: 0.08mm? va 0.05mm? Xau

2 OK Mit trude: dd xém <60% Tt

3 NG Mit trudce: 0.03mm?; mat trai: 0.04mm? Trung binh

4 NG Mit trén: 0.05mm? Xau

5 OK / Tot

6 OK 0.01mm? Tot

7 NG Mt phai: 0.02mm? va 0.03mm? Trung binh

8 NG Mit phai: 0.06mm> Xau

9 NG Mit sau: 0.05mm? Xau

10 NG Mit sau: 0.07mm?; mat trai: 0.02mm? X4u

5.3.3 Kiém tra d lip lai:

Dé kiém tra do 13p lai cua h¢ théng, st dung 10 mau di chuén bi, tién hanh léy nga:tu
nhién cac mau, cd dinh nguoi thao tac, ¢ dinh khuon, thuc hién cho ca 10 mau, mdi mau
do 3 1an. Két qua sé& cho thay sy 6n dinh cia giita cac 1an do tuong tng vdi cac khoang tiéu
chuin khéac nhau. Néu két qua do co sai 1é€ch, khong déng nhét, nghia la do 6n dinh caa may
giam xudng va nguoc lai.

Bang 5.3: Két qua kiém tra do lap lai

S6 méu thir Két qua kiém tra
nghi¢m Lén 1 Lén 2 Lén 3
1 NG (mit trude:2 16i) | NG (mit trude:2 16i) | NG (mit trude:2 16i)
2 OK OK OK
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NG (mit trudce: 1 16i;

NG (mit trudce: 1 16i;

NG (mit trudce: 1 16i;

3 mit trai: 1 161) mit trai: 1 161) mit trai: 1 161)

4 NG (mit trén:2 16i) | NG (mit trén:2 16i) | NG (mit trén:2 15i)
5 OK OK OK

6 OK OK OK

7 NG (mit phai:2 16i) | NG (mit phai:2 16i) | NG (mit phai:2 16i)
8 NG (mit phai:1 16i) | NG (mit phai:1 16i) | NG (mit phai:1 16)
9 NG (mit sau:1 16i) NG (mit sau:1 16i) NG (mit sau:1 16i)
10 NG (mit sau: 1 15i, NG (mit sau: 1 15i, NG (mit sau: 1 15i,

mit trai: 1 161)

mit trai: 1 16i)

mit trai: 1 161)

Nhén xét:
a. Tinh lap lai cao:

e Ca 10 mau déu dugc do 3 1an va tit ca cac két qua déu giéng nhau ¢ ca gia tri
phan loai (OK/NGQG) va vi tri 161 chi tiét.

e Diéu nay cho thay tinh lap lai (Repeatability) cia nguoi do hoic hé thong do 1a
rat tot.

b. Khong c6 sy thay doi ngau nhién:

e Khong c6 bat ky miu nao thay doi tir OK sang NG hay nguoc lai giita cac lan
do.

e Khong co sy khac bi¢t vé so lugng hodc vi tri 161 gifra cac lan do trén cung mot
mau.

c. Phan loai rd rang va nhit quan:

e Két qua phan loai OK/NG va ghi chu 15i theo tiig mit cia san pham dugc ghi
nhén chinh x4c, chi tiét va nhat quan.

Két luan: Két qua klem tra do 1ap lai (Repeatablhty) cho thdy hé thong do hodc nguoi
thue hién kiém tra c6 d6 6n dinh rat cao, khong c6 bién dong gitra cac lan do. Nhw vay, do
1ap lai dat yéu cau, dam bao do tin cdy cua h¢ thong/phu'(rng phap kiém tra trong viéc phan
loai san phadm OK/NG va xéac dinh 13i cy thé.

5.3.4 Kiém tra dj tdi lap:

Dé kiém tra do tai 1ap cua hé théng, st dung 10 mau da chuén bi, tién hanh léy ngau
nhién cac mau, ¢d dinh khuén, thue hién cho ca 10 mau, yéu cau co 3 nguoi thyuc hi¢n kiém
tra. Khi thay d6i nguoi kiém tra, cic thao tac kiém tra co thé gy ra anh huong dén két qua
do (Vi du: dit san pham vao khuon bi léch, bui ban dinh 1én san pham, diéu chinh anh sang
khong phu hop,...). Vi vay, viéc kiém tra d¢ tai lap ciing gitip xac dinh dugc sai s6 do thay
d6i nguoi kiém tra co6 thé thoa mén diéu kién bai toan dit ra hay khong.

Trudce khi thuc hién kiém tra, toan b hé thong can phai duoc tat va bat lai, khuon phai
dugce théo ra trwdc khi kiém tra, dén hd trg chiéu sang phai duoc diéu chinh vé mic thap
nhat. Nguoi thao tac bt budc phai thuc hién chay lai h¢ théng, lép lai khuon cling nhu diéu
chinh d¢ sang cho hop 1y.
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Bang 5.4: Két qua kiém tra d6 tai 1ap

Sé mau thir Két qua kiém tra
nghiém Nguoi kiém tra s6 1 | Ngwoi Kiém tra s6 2 | Nguwoi kiém tra s6 3

] NG (mit trudc:2 16i) | NG (mit trude:2 16i) | NG (mit trude:2 16i)

2 OK OK OK

3 NG (mat tru:(')’c:~1 16i; | NG (mait tru:('yc:~1 16i; | NG (mat tru:(')c:~1 16i;
mat trai: 1 101) mat trai: 1 101) mat trai: 1 101)

4 NG (mit trén:2 16i) NG (mit trén:2 16i)) | NG (mit trén:2 15i)

5 OK OK OK

6 OK OK OK

7 NG (mit phai:2 15i) NG (mit phai:2 16i) | NG (mit phai:2 16i)

8 NG (mit phai:1 15i) NG (mit phai:1 16i) | NG (mit phai:1 16i)

9 NG (mit sau:1 16i) NG (mit sau:1 16i) NG (mit sau:1 16i)

10 NG (mat sau: 1‘16i, NG (mat sau: l'léi, NG (mat sau: l'lg)i,
mat trai: 1 161) mat trai: 1 161) mat trai: 1 161)

Nhan xét:

a. Két qua kiém tra giéng nhau tuyét d6i gitta cac ngudi van hanh AOI:

e Ca 10 mau déu cho két qua giong nhau vé phan loai OK/NG va mé ta 13i cy thé

(mit ndo, bao nhiéu 15i) trén 3 1an kiém tra boi 3 nguoi van hanh khac nhau.

b. Khong co su bién dong do thao tac van hanh hé théng:

e Khong co sai s6 hodc khac biét giita cac nguoi sir dung hé thong AOL.

e Piéu niay ching minh thao tac cai dit, van hanh AOI giira cac nguoi kiém tra 13

rat ddng nhit, khong gdy anh huong t6i két qua dau ra.

c. H¢ théng AOI hoat dong 6n dinh, khong phu thudc nguoi van hanh:

e V6i cing mdt mau san pham, hé théng AOI cho ra két qua 13p lai chinh xac bat
ké ngudi van hanh la ai.

Két luan: Két qua kiém tra do tai lap (Reproducibility) chimg minh rang su khac biét
gitta cic ngudi van hanh hé théng AOI 1a khong dang ké hoic bang O.
Hé thong AOI hoat dong 6n dinh, nhat quan va khong phu thudc vao nguoi sir dung, dam
bao do tin cdy khi dwa vao van hanh thuc té trong diy chuyén sian xuit.
Vi vay, d6 tai 1ap dat yéu cau, hé thdng AOI c6 thé duogc tin tudng trong viéc phat hién 16
san pham mot cach chinh xac va khach quan.

5.3.5 Kiém tra dj chinh xdc:

Ngoai viéc kiém tra céac hang muc do 1ap lai va do tai 1ap cia GRR, hé théng cling can
phai thuc hién kiém tra twong quan vé d6 chinh xac véi nhan vién ngoai quan. Qua trinh
thuc hién yéu cau sir ‘dung 10 mau thir da dugc chuan bi. Mot nhan vién ngoai quan c6 kinh
nghiém thuc hién kiém tra theo thir tu ngau nhién cac mau do, ghi chép két qua kiém tra va
thuc hién kiém tra cac miu nay bang hé thong. Két qua kiém tra cua ca hai ddi tuong sé
duoc ghi lai va so sanh dé kiém tra d6 chinh x4c so vé&i con nguoi.
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Bang 5.5: Két qua kiém tra d6 chinh xéc

S6 méu thir Két qua kiém tra

nghiém AOI Nguoi ngoai quan
] NG (mit trude:2 16i) NG (mit trude:2 16i)
2 OK OK
3 NG (mat trude: 1 16i; mat trai: 1 15i) NG (mdt trucrcl:a%)lm; mat trai: 1
4 NG (mit trén:1 16i) NG (mit trén:1 16i)
5 OK OK
6 OK OK
7 NG (mit phai:2 15i) NG (mit phai:2 15i)
8 NG (mit phai:1 15i) NG (mit phai:1 15i)
9 NG (mit sau:1 16i) NG (miit sau:1 16i)
10 NG (mit sau: 1 16i, mat trai: 1 16i) NG (mat sau:léi;m, mat tra: 1

Nhéan xét:
e 10/10 miu c6 két qua gidng nhau hoan toan gitta AOI va nguoi ngoai quan.
e Trung khép ca vé phan loai OK/NG va vi tri, s6 luong 15i.
e AOI nhan dién chinh x4c c4 16i nhé va 16i & cac mit kho quan sét.

Két lugn: Két qua kiém tra cho théy hé théng AOI ¢6 do chinh xac rit cao, hoan toan
tirong dwong voi phwong phap kiém tra bing mat thwong. Viée phat hién 18i dung vé ca sd
lwong va vi tri trén tung san pham cho thay AOI c6 thé thay thé dang tin cay cho nguoi kiém
tra ngoai quan. Piéu nay khong chi giap dam bao tinh nhat quan va khach quan trong viéc
danh gia chat hrong san pham, ma con gop phan nang cao hiéu qua kiém tra trong moi
trirdng san xudt thyc té.

5.3.6 Kétlugn:

Thong qua cac kiém tra GRR, bao gdbm do lip lai (Repeatability), do tai lap
(Reproducibility) va do chinh x4c (Accuracy), hé thong kiém tra bang AOI di chting minh
dwoc tinh 6n dinh va do tin cay cao. Cu thé, két qua kiém tra cho théy toan bd 10 mau thur
déu cho két qua giéng nhau hoan toan giita cac lan do lap lai cling nhw giita cac nguwoi van
hanh khac nhau, khong xuat hién sai s6 hay bién dong do thao tac. Ngoai ra, két qua so sanh
v6i kiém tra bang mat thuong tir nguwdi ngoai quan c6 kinh nghiém ciing cho thay su tring
khop tuyét d6i, ching minh kha ning nhan dién 13i chinh xéac ca vé s6 lwong, vi tri va muc
do.

Bén canh d6, khi thuc hién danh gia d6 twong quan giira con ngwdi va thiét bi AOIL, hé
thong dat do chinh xac tuyét dbi (100%) doi voi cac mit: trwde, sau, tréi va phai. Tuy nhién,
dbi voi mit trén, do dic thu cdu trac c6 dau liéu thira va hién tuong d6 bong gy anh huwong
den qué trinh xr 1y anh, d chinh xac giam xuéng con 90%. Du vay, muc sai léch nay van
nam trong giéi han chap nhan dwoc va khong 1am anh hwéng dén tinh nhét quan chung cia
hé théng. Phuong phap GRR duoc 4p dung theo hudéng dan tiéu chuan cong nghiép.[3]
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Nhu vy, hé thong AOI dap umg day du cac yéu cau veé tinh lap lai, tai 1ap va dg chinh
xac trong kiém tra chét lwong san pham. Két qua nay twong dong véi cac hé thong kiém tra
ngoai quan ty dong dugc nghién ciru tai Viét Nam.[4] Hé théng hoan toan co thé thay thé
dang tin cdy cho phwong phap kiém tra thii cong trong méi trirdng san xuat thuc té, gop
phan nang cao hiéu suat va dam bao tinh khach quan trong danh gia chat lwong san pham.

5.4 Giao dién phin mém thue té

§ Chon phummg phap chup - 0 x
Chon phwong phap chup:

Chav tuadng

Hinh 5.3 Giao dién chon phuong phap chup

5.4.1 Ché dp thii cong 9
Budc 1: Nhan nﬁt “Qhay thu cong” dé€ thuc hién chay chuong trinh chup anh va phan
tich thu cong. Ctra s6 “Ché do chay thu cong” mé ra.
| ]

Tug bk Chim o raeg s

HIiHI
£l
'3

Hinh 5.4: Giao dién ché d6 chay thu cong

Budc 2: Diéu chinh vi trf san pham theo mong mudn va nhan nat “Chup anh” dé luu
anh tho.
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D8 Cva ok v v
P A e 20 DB 14T
gy

Hinh 5.5: Hinh anh san pham da duoc chup

Budce 3: Nhan nat “Chon anh” dé chon anh can phan tich.

Buéc 4: Nhan nat “Chon khung cat” dé thuc hién xac dinh toa do khung cit anh.
F Nedp ab candy oy 20 i - i "

Nhgp 36 canh (tde thidu 3)

|

Hinh 5.6: Nhap s6 canh cua khung cit

Hinh 5.7: Chon toa d khung cit va sb canh cua khung

Budge 5: Nhan nat “Phan tich anh” dé thuc hién phan tich, khoanh ving 18i va Iuu hinh
anh két qua.
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Hinh 5.8: Giao di¢n sau khi phan tich

Buégc 6: Nhan nut “Quay la1” dé tro vé giao dién chon ché do chup ban da
5.4.2 Ché dp tw dong

Budc 1: Nhan nit “Chay tu dong” dé thuc hién chay chuong trinh chyp anh va phan
tich tuy dong. Cua so “Chon loai sdn phdm” m¢ ra.
¢ Chonlowisde prdm m] “

Chon loai san pham:

B |

TE
|
HSG |

cap |
Hinh 5.9: Ctra s6 chon loai sdn pham

Budc 2: Nhan chon loai san pham can phan tich, cua s6 “H¢ thong chup anh va phat
hién diém den” tuong trng v4i san pham mo ra.
0 1oe P, (s ' vl o W e o

<
e

Chus co tasg P

Hinh 5.10: Giao dién hé théng chup anh va phat hi¢n diém den

Budc 3: Nhan nut “Thay di toa d6 cit” dé diéu chinh khung cit san pham.
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¥ Chonmitcincs aftv.,  — C ¥
Truo:

Sau

Trai

Phai

Tren

Hinh 5.11: Chon mit can thay doi khung cat

Budc 4: Nhép s6 canh va toa d§ khung cat
f Nedp ab canh ol 2 i — }
Nhgp 34 canh [tde tiéu 3)

Hinh 5.12: Giao dién nhap s6 canh cua khung cat

I Ve iy gac - Nban chook de them dies, rihan Erer dhe haan thanh o

Hinh 5.13: Chon toa do cit cia khung

Budc 4: Chon “Start Auto” dé bat dau thuc hién kiém tra tu dong. Két qua duogc hién
thi tai khu vuc bén phai cua ctra s6 hién thi, bao gom s6 diém den phat hi¢n duoc & moi mat
cling nhu két qua kiém tra OK/NG.
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Ja hoan thanh Kiem tra

Hinh 5.14: Giao dién hién thi két qua kiém tra
5.5 Panh gia hé thong
H¢ théng hoat dong tuong d6i 6n dinh va chinh xac. Tuy nhién, khi c6 sai 1éch tai vi
tri khuon c6 dinh san pham, toa do cua cac khung cit anh c6 thé khong con chinh xac nira.

Khi d6 can phai hiéu chinh lai toa d¢ cho phu hop.
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Chwong 6: KET LUAN VA HUONG PHAT TRIEN

6.1 Két luin vé hoat dong hé thong

Heé thdng co thé dugc ap dung cho quy trinh san xuat cong nghiép, tich hop trong cac
tram may tu dong hoa hoac hoat dong riéng 1¢ tuy thudc vao nhu ciu ctia doanh nghié¢p. Muc
d6 6n dinh va kha ning van hanh lién tuc trong thoi gian dai cho thay hé théng c6 tiém ning
mg dung thyc té cao trong cac ddy chuyén san xuit c6 cudng do 1on.

6.2 Nhirng gi da dat dwgc

Hé thong da thanh coéng trong viéc phat hién diém den trén bé mit san pham,
bao quat dugc cac vung can kiém tra.

Céc tiéu chuan diém den duoc bét chinh xac vé ca d6 xam va dién tich.

Phat trién duoc cac chie ning chup thi cong va chup tuy dong

C6 thé ap dung cho nhiéu loai san pham.

Téc d6 phat hién diém den kha nhanh va ty 1 chinh xac tuong déi cao.

Hé théng ¢ co cau diéu chinh anh sang va diéu chinh khu vuc cit anh linh hoat,
c6 the trién khai dugc ¢ nhi€u moi truong va nhicu di€u kién lam viéc.

Thiét ké giao dién phan mém don gian, dé sir dung, hd tro nguoi van hanh khong
can ky nang 1ap trinh chuyén sau.

Hé thong c6 kha ning luu trit anh 16i va xudt bao céo kiém tra phuc vu truy vét
chat lugng san pham.

Cho phép chuyén d6i nhanh giita cac ché do Auto/Manual pht hop véi cac tinh
huong ki€ém tra da dang.

6.3 Huwéng phat trién

Phét trién hé thong kiém tra tich hop cho nhiéu loai san pham
Rt ngan toc do kiém tra ciia hé thong, loai bo cac bude khong can thiét

Phat trién hé théng thay d6i do sang cho phu hop véi do sang mdi trueong, tranh
gay ra nhi¢u do d6 bong

Phat trién thém co cau ty dong lap san pham vao jig.

Phat trién thém chuc niang diéu chinh goc do chup trong ché do thu cong.

Tich hop Al dé tu dong phan loai 16i theo mirc d6 nghiém trong, ho tro cong
doan ra quyét dinh trong kiém tra chat lugng.

Xay dung co sé dit ligu 161 dé hoc may, t8i wu dan ngudng nhan dién theo tung
loai san pham.

Phat trién phién ban giao dién web hodc két ndi IoT dé giam sét tir xa va thong
ké két qua theo thoi gian thuc.
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e Tbi wu thuat toan xir Iy anh dé giam thiéu tai nguyén tinh toan, c6 thé trién khai
trén cac thiét bi nhiing nhé gon nhu Raspberry Pi hoac Jetson Nano.

e Tich hop tinh nang tu dong hi€u chinh camera (auto calibration) dé dam bao
chat lugng hinh 4nh 6n dinh khi thay d6i goc chup hodac moi truong lam viéc.
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KET LUAN

Pé tai da thanh cong trong viéc xay dung mot hé thong kiém tra ngoai quan tir
dong st dung cong nghé thi gidc may tinh dé phat hién 18i diém den trén bé mat san
pham tai xuwdng san xuat BU8 — SBUS5 ctia Cong ty Luxshare ICT — Nghé An. Hé thong
dap Gmg ddy du cac yéu cau dé ra, bao gdm kha ning nhan dién chinh xac diém den véi
do6 xam > 60% va dién tich > 0.02 mm?, dam bao thoi gian kiém tra tiéu chuan (60
gidy/san pham) va kiém tra toan dién ca 5 mat san pham (Trudc, Sau, Trai, Phai, Trén).
Két qua kiém tra GRR cho thiy hé théng dat do lip lai va tai lap tuyét d6i, voi do chinh
xac twong dwong 100% so v6i kiém tra thii cong boi nhan vién ngoai quan trén cac mat
Trlg:éc, Sau, Trai, Phai, va 90% trén mat Trén do anh hudng cta dd bong va cAu trac san
pham.

Hé¢ thong khong chi giam thiéu sy phu thu¢c vao nhan c6ng, ma con nang cao hiéu
sudt, tinh nhat quan va do tin cdy trong kiém tra chat lugng. Giao dién phan mem than
thién, tich hop ca ché d6 ty dong va thu cong, cung kha nang luu trir va xudt béo cao
gitp hd trg hiéu qua cho viéc quan ly chat luong. Nhirng két qua nay khang dinh tiém
ning ung dung thyc té ctia hé thong trong day chuyén san xuat cong nghiép, dic biét
trong cac moi truong doi hoi kiém tra chat luong nghiém ngit.

Huwdong Phat Trién

Pé nang cao hiéu qua va mé rong Gmg dung cua hé théng, mot s6 hudng phat trién
trong tuong lai bao gom:

e Tich hop AI va hoc sau: Ung dung cdc md hinh nhu YOLO hoic U-Net dé tu
dong phan loai 18i theo muc d6 nghiém trong, dong thoi xdy dung co sé dit liéu
16i dé toi wu ngudng nhan dién theo tirng loai san pham. Viéc xay dung co so dit
lidu 131 c6 thé tham khao cac bo dit liéu 10n nhu ImageNet dé nang cao hiéu qua
huén luyén md hinh. [5]

e Toi uu tbe do va tai nguyén: Rut ngan thoi gian kiém tra bang cach loai bo cac
budc khong can thiét va t6i wu thuat toan dé trién khai trén cac thiét bi nhiing nhu
Raspberry Pi hoac Jetson Nano.

e Ty dong hoa nang cao: Phat trién co ciu ty dong lap san pham vao jig, tich hop
tinh nang tu dong hiéu chinh camera va diéu chinh 4nh sang thich ing véi moi
truong dé giam nhidu do d6 bong.

e KétnbiloT va giam sat tir xa: Xay dung giao dién web hoic tich hop IoT dé giam
sat két qua theo thoi gian thuc, hd tro quan 1y va phan tich dir liéu tir xa. Xu
hudng tich hop IoT trong kiém tra chat lwong di duoc nghién ciru va chimg minh
hiéu qua trong san xuit cong nghiép.[6]

e MO0 rong ng dung: Phat trién hé thong dé kiém tra nhiéu loai san pham khac
nhau, bo sung kha niang nhan dién céac 16i ngoai quan khac nhu xudc, mé, hoic
thiéu ligu.
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Nhitng cai tién nay s& giip hé thong khong chi dap tng tot hon nhu cau san xuat
hién tai ma con mé ra tiém ning tng dung rong réi trong cac nganh coéng nghiép khac,
g6p phan nang cao chat lwong va hiéu qua san xuat.
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PHU LUC

Chuwong trinh giao dién va nhan dang, phan loai diém den trén may tinh:

1
2
E
3
4.
5
6
7
8

o

10.
11.

import tkinter as tk . . .
from tkinter import filedialog, Stringvar, OptionMenu, Canvas, Frame, Toplevel,

ntry, messagebox, Button, Label

import cv2

import numpy as np

from PIL import Image, ImageTk
import serial

import time

import os

from datetime import datetime
from rembg import remove
import json

12.

13.
14.
15.
16.
17.
18.

# Cau hinh

CROP_CONFIG_FILE = "crop_coords.json"

faces = ["Truoc", "sau", "Trai", "Phai", "Tren"]
pr‘oducts - [llBEll’ "TE", "TI", IIHSGII’ IICAP"]
BAUD_RATE = 9600

SERIAL_PORT = 'COM5'

19.

20.
21.
22.
23.

24

25.
26.

# Khéi tao serial
try:
ser = serial.Serial(SERIAL_PORT, BAUD_RATE, timeout=1)
time.sleep(2)
. except serial.SerialException as e:
print(f"Khong the ket noi voi {SERIAL_PORT}: {e}")
messagebox.showerror("Loi", f"Khong the ket noi voi {SERIAL_PORT}. Kiem tra

cong COM.")

exit(Q

. # Bién toan cuc

. auto_mode = True
. photo_count = 0
. capture_status =
. crop_coords = {}
. processed_images = []

. current_image_index = 0

. arrow_frame None

. prev_button None

. hext_button None

. manual_window = None

. current_product = ""

. root = None

. manual_root = None

. selected_image_path = None

. manual_crop_name = "ManualCrop"

. ok_ng_label = None

. # Di chuyén selected_face khéi day, s& khai tao trong show_initial_interface()

. # Tao thu muc Twu anh
. for product in products:
for folder in faces:

os.makedirs(os.path.join("RawData", product, folder), exist_ok=True)
. os.makedirs(os.path.join("PicData", product, folder), exist_ok=True)
. os.makedirs(os.path.join("RawData", "Manual"), exist_ok=True)

. # Load config cét anh

.1f os.path.exists(CROP_CONFIG_FILE):

with open(CROP_CONFIG_FILE, "r") as f:
crop_coords = json.load(f)

. # Ham chyp anh tv camera

. def capture_image(folder=None, product=None):
global photo_count, capture_status

try:
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cap = cv2.videoCapture(0)

if not cap.isopened():
messagebox.showerror("Loi", "Khong the mo camera")
return False

cap.set(cv2.CAP_PROP_FRAME_WIDTH, 2048)
cap.set(cv2.CAP_PROP_FRAME_HEIGHT, 1536)

actual_width = cap.get(cv2.CAP_PROP_FRAME_WIDTH)
actual_height = cap.get(cv2.CAP_PROP_FRAME_HEIGHT)
print(f"Do phan giai thuc te: {actual_width}x{actual_height}")

ret, frame = cap.read()
if ret:
photo_count += 1
timestamp = datetime.now().strftime("%Y-%m-%d_%H-%M-%S")
if folder and product:
raw_filename = f"raw_{timestamp}_{folder}.jpg"
raw_output_path = os.path.join("RawData", product, folder,

cv2.imwrite(raw_output_path, frame)
filename = f"output_{timestamp}_{folder}.jpg"
output_path = os.path.join("PicbData", product, folder, filename)
cv2.imwrite(output_path, frame)
capture_status = f"Da chup anh va Tuu vao {raw_output_path}
update_status()
return output_path
else:
raw_filename = f"raw_{timestamp}.jpg"
raw_output_path = os.path.join("RawData", "Manual",

cv2.imwrite(raw_output_path, frame)

capture_status = f"Da chup anh va Tuu vao {raw_output_path}
update_status()

return raw_output_path

else:
capture_status = "Loi: Khong the chup anh tu camera"
update_status()
return False
except Exception as e:
print(f'Loi chup anh: {e}")
capture_status = f"Loi chup anh: {e}"
update_status()
return False
finally:
if cap and cap.isOpened():
cap.release()

# Ham phan tich diém den
def analyze_black_spots(file_path, face_name):
try:
img = cv2.imread(file_path)
if img is None:
print(f"Loi: Khong the doc file anh: {file_path}")
return "Khong the doc anh", 0
img = cv2.resize(img, (800, 800))
gray = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)

if face_name in crop_coords and len(crop_coords[face_name]) >= 3:
points = crop_coords[face_name]
mask = np.zeros(img.shape[:2], np.uint8)
points_array = np.array(points, np.int32)
: cv2.fillpPoly(mask, [points_array], 1)
else:
mask = remove_background_with_rembg(img)

segmented = gray * mask

region = segmented[mas = 1]

if region.size ==
print(f"Loi: Khong tim thay vung san pham cho {face_name}")
return "Khong tim thay vung san pham", 0

brightness_avg = np. mean(reg1on)

threshold_dark = brightness_avg * 0.6

dark_mask = np.zeros_ 11ke(segmented dtype=np.uint8)
window_size = 3



139. for y in range(0, segmented.shape[0] - window_size, window_size):

140. for x in range(0, segmented.shape[l] - window_size, window_size):
141. roi_mask = mask[y:y + window_size, x:x + window_size]
142. roi_gray = segmented[y:y + window_size, x:x + window_size]
143. if np.sum(roi_mask) == 0:
144, continue
145. roi_valid = roi_gray[roi_mask == 1]
146. if roi_valid.size == 0:
147. continue
148. if np.mean(roi_valid) < threshold_dark:
149. dark_mask[y:y + window_size, x:x + window_size] = 255
150.
151. dark_mask = cv2.medianBlur(dark_mask, 3)
152. contours, _ = cv2.findContours(dark_mask, cv2.RETR_EXTERNAL,
Ccv2.CHAIN_APPROX_SIMPLE)
153. result_img = cv2.cvtColor(segmented, cv2.COLOR_GRAY2BGR)
154. cv2.drawContours(result_img, contours, -1, (0, 0, 255), 1)
%52. cv2.imwrite(file_path, result_img)
56.
157. return f"kKet qua {face_name}: {len(contours)} diem den",
Ten(contours)
158. except Exception as e:
159. print(f'Loi phan tich diem den: {e}"™)
120. return f"Loi phan tich: {e}", 0
161.

162. # Ham g&i 1énh va ch& phan hai
163. def send_command(command) :

164. max_attempts = 2

165. timeout = 4

166. for attempt in range(max_attempts):

167. try:

168. ser.write(command.encode())

169. start_time = time.time()

170. while time.time() - start_time < timeout:

171. if ser.in_waiting > O:

172. response = ser.readline().decode().strip(Q

173. if response == "done":

174. return True

175. time.sleep(0.01)

176. print(f"Thu {attempt + 1}: Khong nhan duoc 'done' tu ESP32 cho
Tenh {command}")

177. except serial.SerialException as e:

178. print(f"Loi khi gui lenh {command}: {e}")

179. messagebox.showerror("Loi", f"Khong the gui Tenh {command}: {e}™)
180. return False

181. messagebox.showerror("Loi", f"ESP32 khong co phan hoi sau {max_attempts}
lan thu cho lenh {command}™)

182. print(f"ESP32 khong co phan hoi sau {max_attempts} Tan thu cho lenh
{command}")

183. return False

184.
185. # Ham cap nhat trang thai
186. def update_status():

187. try:

188. if result_Tlabel and result_label.winfo_exists():
189. result_label.config(text=capture_status)
190. except Exception as e:

%g%. print(f'Loi cap nhat trang thai: {e}")

193. # Ham cap nhat nhan OK/NG
194. def update_ok_ng_status(num_bTack_spots):

195. try:

196. if ok_ng_Tlabel and ok_ng_label.winfo_exists():
197. if num_black_spots == 0:

198. ok_ng_Tabel.config(text="0K", fg="green™)
199. else:

200. ok_ng_Tabel.config(text="NG", fg="red™)
201. except Exception as e:

202. print(f'Loi cap nhat trang thai OK/NG: {e}")

203.

204. # Ham reset hé théng
205. def reset_system():

206. global capture_status

207. try:

208. if send_command("reset"):

209. capture_status = "Da reset servo ve vi tri goc"
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210. update_status()

211. else:

212. messagebox.showerror("Loi", "Khong nhan duoc phan hoi tu ESP32")

213. except Exception as e:

214. print(f'Loi reset he thong: {e}")

%12. messagebox.showerror("Loi", f"Loi reset he thong: {e}")
16.

217. # Ham hién thi hinh anh truwéc doé

218. def show_previous_image():

219. global current_image_index

220. try:

221. if processed_images and current_image_index > 0:

222. current_image_index -= 1

223. img_pil =

Image.fromarray(cv2. 1mread(pr0cessed images[current_image_index]))

224. zi.display_image(img_piT)

225. update_status()

226. except Exception as e:

227. print(f'Loi hien thi anh truoc: {e}")

228. capture_status = f"Loi hien thi anh truoc: {e}"

%gg. update_status()

231. # Ham hién thi hinh anh tiép theo
232. def show_next_image():

233. global current_image_index

234. try:

235. if processed_images and current_image_index < len(processed_images) -
1:

236. current_image_index += 1

237. img_pil =

Image. fromarray(ch 1mread(pr0cessed images[current_image_index]))
238. .display_image(img_pil)

239. update status()

240. except Exception as e:

241. print(f'Loi hien thi anh tiep theo: {e}")

242. capture_status = f"Loi hien thi anh tiep theo: {e}"
%43. update_status()

44

245. # Ham x& 1y ché& dé Auto
246. def start_auto(Q):

247. global capture_status, processed_images, current_image_index,

arrow_frame, prev_button, next_button

248. try:

249. if not auto_mode:

250. messagebox.showinfo("Thong bao", "vui long chon che do Auto")

251. return

252.

253. processed_images = []

254. current_image_index = 0

255.

256. # X6a arrow_frame néu da toén tai

257. if arrow_frame is not None:

%SS. arrow_frame.destroy()
59.

260. # Gi 1énh reset trudc khi bat diu

261. if not send_command("reset"):

262. ) messagebox.showerror("Loi", "Khong nhan duoc phan hoi tu lenh
reset"

263. capture_status = "Loi: Khong the reset san pham ve mat truoc"

264. update_status()

265. return

266. capture_status = "Da reset san pham ve mat truoc"

267. update_status()

268. time.sleep(1)

269.

270. commands = ["matsau"”, "mattrai", "matphai", "mattren", "mattruoc"]

271. results = []

272. overall_ok = True

273. for i, face in enumerate(faces):

274. file_path = capture_image(face, current_product)

275. if file_path:

%76.) result, num_black_spots = analyze_black_spots(file_path,
ace

277. results.append(result)

278. processed_images.append(file_path)

279. img_pil = Image.fromarray(cv2.imread(file_path))
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280. zi.display_image(img_pil)

281. update_status()
282. update_ok_ng_status(num_black_spots)
283. if num_black_spots > O:
284, overall_ok = False
285.
286. if i < lTen(commands):
287. if not send_command(commands[i]):
288. messagebox.showerror("Loi", f"Khong nhan duoc phan hoi
khi xoay {commands[i]}')
289. continue
290.
291. capture_status = "Da hoan thanh kiem tra\n" + "\n".join(results)
292. update_status()
%82. update_ok_ng_status(0 if overall_ok else 1)
295. if processed_images:
296. arrow_frame = Frame(canvas_frame)
297. arrow_frame.pack(side="top", fill="x", pady=10)
298.
299. prev_button = Button(arrow_frame, text="<",
command=show_previous_image, font=("Arial", 16), width= 3,
300. height=2)
38%. prev_button.pack(side="1eft", padx=20)
303. next_button = Button(arrow_frame, text=">"
command=show_next_image, font=("Arial", 16), width= 3 height= 2)
384. next_button.pack(side_ right", padx 20)
5.
306. img_pil_= Image. fromarray(cv2.imread(processed_images[0]))
307. zi.display_image(img_pil)
308. except Exception as e:
309. print(f'Loi trong che do Auto: {e}'")
310. capture_status = f"Loi trong che do Auto: {e}"
g%%. update_status()

313. # Ham x¢ 1y ché& dé Manual
314. def capture_manual():

315. global capture_status, manual_window

316. try:

317. if auto_mode:

318. messagebox.showinfo("Thong bao", "vui long chon che do Manual")

319. return

320.

321. if manual_window is not None and manual_window.winfo_exists():

322. manual_window.Tift()

323. return

324.

325. manual_window = TopTlevel(root)

326. manual_window.title("Chon mat de chup")

327. manual_window.geometry('"300x300")

g%g. manual_window.protocol ("WM_DELETE_WINDOW", on_manual_window_close)
Label(manual_window, text="Chon mat can chup:", font=("Arial", 14,

"bo1d”)) pack(pady=10)

332. def capture_selected_face(face):

333. try:

334, command = f"mat{face.lower()}"

335. if send_command(command) :

336. file_path = capture_image(face, current_product)

337. if file_path:

338. result, num_black_spots =

analyze_black_spots(file_path, face)

339. img_pil = Image.fromarray(cv2.imread(file_path))

340. zi.display_image(img_piTl)

341. capture_status = result

342. update_status()

343. update_ok_ng_status(num_black_spots)

344, manual_window.destroy()

345. else:

346. messagebox.showerror("Loi", f"Khong nhan duoc phan hoi

khi xoay {facel}")

347. except Exception as e:

348. print(f"Loi chup mat {face}: {e}")

349. messagebox.showerror("Loi", f"Loi chup mat {face}: {e}™)

350.
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351. for face in faces:

352. Button(manual_window, text=face, font=("Arial", 12), width=15,
353. command=Tambda f=face:
capture_selected_face(f)).pack(pady=5)

354. except Exception as e:

355. print(f'Loi trong che do Manual: {e}")

gg?. messagebox.showerror("Loi", f"Loi trong che do Manual: {e}")
358. def on_manual_window_cTlose():

359. global manual_window

360. try:

361. manual_window.destroy()

362. manual_window = None

363. except Exception:

364. pass

365.

366. # Ham vé da giac
367. def draw_polygon(img, num_sides):

368. try:
369. img_copy = img.copy()
370. points = []
371. window_name = "Ve da giac - Nhan chuot de them diem, nhan Enter de
hoan thanh"
372.
373. def mouse_callback(event, x, y, flags, param):
374. nonlocal points, img_copy
375. if event == cv2.EVENT_LBUTTONDOWN and Ten(points) < num_sides:
376. points.append([x, yl)
377. cv2.circle(img_copy, (x, y), 5, (0, 255, 0), -1)
378. if Ten(points) > 1:
379. cv2.line(img_copy, tuple(points[-2]), tuple(points[-1]),
(0, 255, 0, 2)
ggg. cv2.imshow(window_name, img_copy)
382. cv2.namedwindow(window_name)
383. cv2.setMousecCallback(window_name, mouse_callback)
324. cv2.imshow(window_name, img_copy)
5.
386. while True:
387. key = cv2.waitKkey(l) & OxFF
388. if key == 13 and len(points) == num_sides:
389. ) ) cv2.line(img_copy, tuple(points[-1]), tuple(points[0]), (O,
255, 0), 2
390. cv2.imshow(window_name, img_copy)
391. cv2.waitkey (1)
392. break
393. elif key == 27:
394, points = []
395. break
396. cv2.destroywindow(window_name)
397. return points
398. except Exception as e:
399. print(f'Loi ve da giac: {e}"™)
400. return []
401.
402. # Ham cai dat vung cat
403. face_window = None
404.
405. def set_crop_for_face():
406. global face_window
407. try:
408. if face_window is not None and face_window.winfo_exists():
409. face_window.1ift()
410. return
411.
412. def choose_face(chosen_face):
413. selected_face.set(chosen_face)
414 . num_sides_window = Toplevel(face_window)
415. num_sides_window.title("Nhap so canh cua da giac")
416. num_sides_window.geometry("300x150")
417. Label(num_sides_window, text="Nhap so canh (toi thieu 3):",
font=("Arial", 12)).pack(pady=5)
418. num_sides_entry = Entry(num_sides_window, font=("Arial", 12))
4%8. num_sides_entry.pack(pady=5)
420.
421. def confirm_num_sides():
422. try:
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423. num_sides = int(num_sides_entry.get())

424, if num_sides < 3:

425. messagebox.showerror("Loi", "So canh phai lon hon
hoac bang 3!")

426. return

427. num_sides_window.destroy()

428. ) ~ file_path = filedialog.askopenfilename(filetypes=[("Image
files", "*.jpg *.png *.jpeg *.bmp")])

429. if not file_path:

430. return

431. img = cv2.imread(file_path)

432. if img is None:

433. messagebox.showerror('Loi", "Khong the doc file anh")
434, return

435, img = cv2.resize(img, (800, 800))

436. points = draw_polygon(img, num_sides)

437. if points:

438. crop_coords[selected_face.get()] = points
439. with open(CROP_CONFIG_FILE, "w") as f:
440. json.dump(crop_coords, f)

441. face_window.destroy()

442 . except valueError:

443, messagebox.showerror("Loi", "vui long nhap mot so nguyen
hop le!")

444 . except Exception as e:

445, print(f'Loi chon so canh: {e}")

446. messagebox.showerror("Loi", f"Loi chon so canh: {e}")
447 .

448, Button(num_sides_window, text="Xac nhan",
command=confirm_num_sides, font=("Arial", 12), bg="#4CAF50",

448. fg="white", width=12).pack(pady=5)

450.

451. face_window = Toplevel ()

452. face_window.title("Chon mat can cai dat vung cat")

453. face_window.geometry("300x200™")

454, face_window.protocol ("WM_DELETE_WINDOW", Tambda:
on_face_window_close())

455, for face in faces:

456. Button(face_window, text=face, font=("Arial", 12), width=20,
command=1amhda f=face: choose_face(f)).pack(pady=5)

457. except Exception as e:

458. print(f'Loi cai dat vung cat: {e}")

428. messagebox.showerror("Loi", f"Loi cai dat vung cat: {e}")
460.

461. def on_face_window_close():

462. global face_window

463. try:

464 . face_window.destroy()

465. face_window = None

466. except Exception:

467 . pass

468.

469. # Ham reset toa do cat

470. def reset_crop_coords():

471. global crop_coords

472. try:

473. crop_coords.clear()

474. if os.path.exists(CROP_CONFIG_FILE):

475. 0s.remove (CROP_CONFIG_FILE)

476. messagebox.showinfo("Thong bao", "Da reset toa do cat™)
477 . except Exception as e:

478. print(f'Loi reset toa do cat: {e}")

4;8. messagebox.showerror("Loi", f"Loi reset toa do cat: {e}")
480.

481. # Ham xda nén bing rembg

482. def remove_background_with_rembg(img):

483. try:

484 . img_pil = Image.fromarray(cv2.cvtColor(img, cv2.COLOR_BGR2RGB))
485. result_pil = remove(img_piT)

486. result_np = np. array(resu]t pil)

487. if result_np.shape[2] =

488. alpha = result_np[:, :, 3]

489. mask = np. where(a1pha > 0, 1, 0).astype(np.uint8)
490. else:

491. mask = np.ones(img.shape[:2], dtype=np.uint8)

492. return mask

493. except Exception as e:
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494, print(f"Loi xoa nen: {e}")

432. return np.ones(img.shape[:2], dtype=np.uint8)
496.

497. # L6p zoomableImage

498. class zoomableImage:

499, def __init__(self, canvas):

500. self.canvas = canvas

501. self.canvas.bind("<ButtonPress-1>", self.start_move)
502. self.canvas.bind("<B1l-Motion>", self.do_move)
503. self.canvas.bind("<Mousewheel>", self.do_zoom)
504. self.image_id = None

505. self.scale = 1.0

506. self.img_tk = None

58;. self.start_x = self.start_y = 0

508.

509. def display_image(self, img_pil):

510. try:

511. self.scale = 1.0

512. self.img_pil = img_pil

513. self.update_image()

514. except Exception as e:

512. print(f'Loi hien thi anh: {e}™)

516.

517. def update_image(self):

518. try:

519. width, height = self.img_pil.size

520. new_size = int(width * self.scale), int(height * self.scale)
521. img_resized = self.img_pil.resize(new_size)
522. self.img_tk = ImageTk.PhotoImage(img_resized)
523. if self.image_id:

524. self.canvas.delete(self.image_id)

525. self.image_id = self.canvas.create_image(0, 0, anchor="nw",
image=self.img_tk)

526. self.canvas.config(scrollregion=self.canvas.bbox(self.image_id))
527. except Exception as e:

5%3. print(f'Loi cap nhat anh: {e}")

529.

530. def do_zoom(self, event):

531. try:

532. factor = 1.1 if event.delta > 0 else 0.9
533. self.scale *= factor

534. self.update_image()

535. except Exception as e:

5%6. print(f"Loi zoom: {e}")

537.

538. def start_move(self, event):

539. try:

540. self.start_x = event.x

541. self.start_y = event.y

542. except Exception as e:

543, print(f'Loi start_move: {e}")

544 .

545, def do_move(self, event):

546. try:

547. dx = event.x - self.start_x

548. dy = event.y - self.start_y

549, self.canvas.move(self.image_id, dx, dy)
550. self.start_x = event.x

551. self.start_y = event.y

552. except Exception as e:

553. print(f'Loi do_move: {e}")

554.

555. # Ham chuyén ché db
556. def toggle_mode():

557. global auto_mode

558. try:

559. auto_mode = not auto_mode

560. mode_button.config(text=f"Chuyen che do: {'Auto' if auto_mode else
'Manual'}"™)

561. except Exception as e:

562. print(f'Loi chuyen che do: {e}™)

563.

564. # Ham giao dién ban dau
565. def show_initial_interface():

566. global root, selected_face
567. try:
568. if root is not None and root.winfo_exists():
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569.
570.
571.
572.
573.
574.
575.
576.
577.
578.
"bo1d")).p
579.

root.destroy()
if manual_root is not None and manual_root.winfo_exists():
manual_root.destroy()
except Exception:
pass
root = tk.Tk(Q)
selected_face = tk.Stringvar() # Kh&i tao selected_face khi co6 root
root.title("Chon phuong phap chup™)
root.geometry("400x300™)
LabeTl(root, text="Chon phuong phap chup:", font=("Arial", 14,

ack(pady=20)

Button(root, text="Chay thu cong", command=show_manual_mode,

font=C"Arial", 12), bg="#4CAF50", fg="white",

580.
581.

width=20) .pack(pady=10)
Button(root, text="Chay tu dong", command=show_product_selection,

font=("Arial", 12), bg="#2196F3", fg="white",

582.
583.
584.
585.

width=20) .pack(pady=10)

root.mainloop()

586. # Ham giao dién ché d6 thu cong

587. def
588.
589.
590.
591.
592.
593.
594.
595.
596.
597.
598.
599.
600.
601.
602.
603.
604.
605.
606.
607.
608.
609.
610.
611.
612.
613.
614.
615.
616.
617.
618.
619.
620.
621.
622.
623.
624.
625.
626.
627.
628.
629.
630.
631.
632.
633.
634.
635

show_manual_mode():
global manual_root, root, result_label, zi, selected_image_path
try:

if root is not None and root.winfo_exists():

root.destroy()

except Exception:

pass
manual_root = tk.Tk(Q
manual_root.title("che do chup thu cong™)
manual_root.geometry('"1200x800")

main_frame = Frame(manual_root)
main_frame.pack(fiTl="both", expand=True, padx=10, pady=10)

Teft_frame = Frame(main_frame, bd=2, relief="groove", width=300)
Teft_frame.pack(side="1eft", fill="y", padx=5)

def capture_manual_image():
global selected_image_path
file_path = capture_image()
if file_path:
img_pil = Image.fromarray(cv2.imread(file_path))
zi.display_image(img_pil)
selected_image_path = file_path

def select_image():
%1oba1 selected_image_path
ile_path = filedialog.askopenfilename(filetypes=[("Image files",

jpg *.png *.jpeg")1)

1t file_path:
img_pil = Image.fromarray(cv2.imread(file_path))
zi.display_image(img_pil)
selected_image_path = file_path
capture_status = f"Da chon anh: {file_path}"
update_status()

def set_manual_crop(Q):
global selected_image_path
if not selected_image_path:
messagebox.showerror("Loi", "vui long chon mot anh truoc!™)
return
img = cv2.imread(selected_image_path)
if img is None:
messagebox.showerror("Loi", "Khong the doc file anh")
return
img = cv2.resize(img, (800, 800))
num_sides_window = Toplevel(manual_root)
num_sides_window.title("Nhap so canh cua da giac")
num_sides_window.geometry("300x150")
Label(num_sides_window, text="Nhap so canh (toi thieu 3):",

font=("Arial", 12)).pack(pady=5)

636.
637.
638.
639.
640.

Phu luc

num_sides_entry = Entry(num_sides_window, font=("Arial", 12))
num_sides_entry.pack(pady=5)

def confirm_num_sides():
try:



641. num_sides = int(num_sides_entry.get())

642. if num_sides < 3:
643. messagebox.showerror("Loi", "So canh phai Tlon hon hoac
bang 3!")
644. return
645. num_sides_window.destroy()
646. points = draw_polygon(img, num_sides)
647. if points:
648. crop_coords[manual_crop_name] = points
649. with open(CROP_CONFIG_FILE, "w") as f:
650. json.dump(crop_coords, f)
651. capture_status = "Da luu khung cat cho che do thu cong"
652. update_status()
653. except valueError:
?5?.) messagebox.showerror("Loi", "vui long nhap mot so nguyen hop
e."
655. except Exception as e:
656. print(f"Loi chon so canh: {e}™)
ggg. messagebox.showerror("Loi", f"Loi chon so canh: {e}")
659. Button(num_sides_window, text="Xac nhan", command=confirm_num_sides,
gggt=("Aria1", 12)) .pack(pady=5)
661. def analyze_manual_image():
662. global selected_image_path
663. 1f not selected_image_path:
664. messagebox.showerror("Loi", "vui long chon mot anh truoc!")
665. return
666 . if manual_crop_name not in crop_coords:
667. messagebox.showerror("Loi", "vui Tong thiet lap khung cat
truoc!")
668. return
669. result, num_black_spots = analyze_black_spots(selected_image_path,
manual_crop_name)
670. img_pil = Image.fromarray(cv2.imread(selected_image_path))
671. zi.display_image(img_piT)
672. capture_status = result
673. update_status()
874. update_ok_ng_status(num_black_spots)
75.
676. Button(left_frame, text="Chup anh", command=capture_manual_image,
font=C"Arial", 12), bg="#4CAF50", fg="white",
677. width=20) .pack(pady=5)
678. Button(left_frame, text="Chon anh", command=select_image, font=("Arial",
12), bg="#2196F3", fg="white",
679. width=20) .pack(pady=5)
680. Button(left_frame, text="Chon khung cat", command=set_manual_crop,
font=C"Arial", 12), bg="#FF9800", fg="white",
681. width=20) .pack(pady=5)
682. Button(left_frame, text="Phan tich anh", command=analyze_manual_image,
font=("Arial", 12), bg="#9C27B0", fg="white",
683. width=20) .pack(pady=5)
684. Button(left_frame, text="Quay Tai", command=lambda:
[manual_root.destroy(), show_initial_interface()],
685. font=("Arial", 12), bg="#F44336", fg="white",
gé%th:ZO).pack(pady:S)
687. right_frame = Frame(main_frame, bd=2, relief="groove", width=300)
688. right_frame.pack(side="right", fill="y", padx=5)
689. global result_label
690. result_label = Label(right_frame, text="Chua co trang thai",
font=(C"Arial", 13), fg="blue", wraplength=280,
691. justify="1eft")
692. result_label.pack(pady=10)
693.
694. canvas_frame = Frame(main_frame)
695. canvas_frame.pack(side="top", fill="both", expand=True)
696. canvas = Canvas(canvas_frame, bg="gray", height=600)
697. canvas.pack(side="1eft", fill="both", expand=True)
698. global zi
688. zi = ZoomableImage(canvas)
700.
701. manual_root.mainToop()
702.

703. # Ham giao dién chon san pham
704 . def show_product_selection():
705. global root
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706. try:

707. if root is not None and root.winfo_exists():

708. root.destroy()

709. if manual_root is not None and manual_root.winfo_exists():

710. manual_root.destroy()

711. except Exception:

712. pass

713. product_window = tk.Tk()

714. product_window.title("Chon loai san pham")

715. product_window.geometry("400x300")

716. Label(product_window, text="Chon loai san pham:", font=("Arial", 14,
"bol1d")) .pack(pady=10)

717.

718. def select_product(product):

719. global current_product

720. current_product = product

721. product_window.destroy()

722. show_auto_mode ()

723.

724. for product in products:

725. Button(product_window, text=product, font=("Arial", 12), width=15,
7%6. command=Tambda p=product: select_product(p)).pack(pady=10)
727.

7%8. product_window.mainloop()

729.

730. # Ham giao dién ché do ty déng
731. def show_auto_mode():

7%%. global root, mode_button, result_label, canvas_frame, zi, ok_ng_Tlabel
733. try:

734. if manual_root is not None and manual_root.winfo_exists():

735. manual_root.destroy()

736. except Exception:

737. pass

738. root = tk.Tk(Q)

739. root.title(f"He thong chup anh va phat hien diem den -
{current_product}")

742. root.geometry("1200x1000")

741.

742. main_frame = Frame(root)

743. main_frame.pack(fiTl1="both", expand=True, padx=10, pady=10)

744 .

745. left_frame = Frame(main_frame, bd=2, relief="groove", width=300)

746. Teft_frame.pack(side="1eft", fill="y", padx=5)

747 . global mode_button

748. mode_button = Button(left_frame, text="Chuyen che do: Auto",
font=C"Arial", 12), bg="#2196F3", fg="white", width=20,

749. command=toggle_mode)

750. mode_button.pack(pady=5)

751. Button(left_frame, text="Reset", font=("Arial", 12), bg="#F44336",
fg="white", width=20, command=reset_system).pack(

752. pady=5)

753. Button(left_frame, text="Start Auto", font=("Arial", 12), bg="#4CAF50",
fg="white", width=20,

754. command=start_auto) .pack(pady=5)

755. Button(left_frame, text="Chup Manual", font=("Arial", 12), bg="#FF9800",
fg="white", width=20,

756. command=capture_manual) .pack(pady=5)

757. Button(left_frame, text="qQuay Tlai", font=("Arial", 12), bg="#9C27B0",
fg="white", width=20,

758. command=Tambda: [root.destroy(),
shgw_initia1_1nterface()]).pack(pady=5)

759.

760. right_frame = Frame(main_frame, bd=2, relief="groove", width=300)
761. right_frame.pack(side="right", fill="y", padx=5)

762. global result_label

763. result_label = Label(right_frame, text="Chua co trang thai",
font=("Arial", 13), fg="blue", wraplength=280,

764. justify="T1eft")

765. result_label.pack(pady=10)

766. global ok_ng_label

767. ok_ng_label = Label(right_frame, text="Chua kiem tra", font=("Arial", 13,
"bold"), fg="black", wraplength=280)

768. ok_ng_Tlabel.pack(pady=10)

769. Button(right_frame, text="Thay doi toa do cat", font=("Arial", 12),
bg="#4CAF50", fg="white", width=20,

770. command=set_crop_for_face) .pack(pady=5)
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771. Button(right_frame, text="Reset toa do cat", font=("Arial", 12),
bg="#F44336", fg="white", width=20,

;;%. command=reset_crop_coords) .pack(pady=5)

774. global canvas_frame

775. canvas_frame = Frame(main_frame)

776. canvas_frame.pack(side="top", fill="both", expand=True)
777.

778. global arrow_frame

779. arrow_frame = Frame(canvas_frame)

780. arrow_frame.pack(side="top", fill="x", pady=5)

781.

782. global prev_button

783. prev_button = Button(arrow_frame, text="<", command=show_previous_image,
font=("Arial", 16), width=3, height=2)

724. prev_button.pack(side="Teft", padx=20)

785.

786. canvas = Canvas(canvas_frame, bg="gray", height=700)
787. canvas.pack(side="1eft", fill="both", expand=True)
788.

789. global next_button

790. next_button = Button(arrow_frame, text=">", command=show_next_image,
font=("Arial", 16), width=3, height=2)

73%. next_button.pack(side="right", padx=20)

792.

793. global zi

784. zi = zoomableImage(canvas)

795.

796. root.mainloop()

797.

798. # Chay chuwong trinh

799. try:

800. show_initial_interface()

801. finally:

802. try:

803. if ser and ser.is_open():

804. ser.close()

805. except Exception as e:

806. print(f"Loi dong serial: {e}™)

Chuwong diéu khién dong co ciia ESP32

1. #include <ESP32Servo.h>

2.

3. #define STEP_PIN 12

4. #define DIR_PIN 14

5. #define ENDSTOP_PIN 16 // Chan D16 dé doc tin hiéu cong tic gidi han

6. const int stepsPerRevolution = 20; // S6 buéc cho 1 vong quay (diéu chinh
theo déng co)

7. int stepbelayMicros = 700; // Thoi gian delay gitta cac buéc (us)

8. int z,zmt,zht,dir;

9.

10. Servo servol;

11. Servo servoz2;

12.

13.

14. void setup() {

15. Serial.begin(9600);

16.

17. // Cau hinh chan diéu khién dong co budc

18. p'i nMode (STEP_PIN, OUTPUT);

19. pinMode (DIR_PIN, OUTPUT);

20. pinMode (ENDSTOP_PIN, INPUT); // Cau hinh D16 Tam 1input

21.

22. // Phan bé timer cho ESP32 (nén dung khi diéu khién nhiéu servo)

23. ESP32PwM: :allocateTimer(0);

24. ESP32PwM: :allocateTimer(l);

25.

26. // Ccai dit tan s& PWM va gan servo vao chadn GPIO 26 va 27

27. servol.setPeriodHertz(50); // 50Hz cho servo

28. servol.attach(26, 500, 2400); // chan GPIO 26, xung min/max

29. servo2.setPeriodHertz(50);

30. servo2.attach(27, 500, 2400); // Chan GPIO 27
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// Pat vi tri mic dinh
servol.write(180);
servo2.write(90);

void Toop() {
if (Serial.available() > 0) {

String command = Serial.readstringuntil('\n");

command.trimQ);

// Kiém tra 1énh dang "x y" (huwéng va sé vong)

int spaceIndex = command.indexof('
if (spaceIndex != -1) {

String dirstr = command.substring(0, spaceIndex);
String roundsStr = command.substring(spaceIndex + 1);

// Chuyén déi huwéng va sé vong
int dir = dirstr.toInt();

";

float rounds = roundsStr.toFloat();

// Kiém tra huéng hop 1é (0 hoic 1) va sé& vong hop Té
if ((dir == 0 || dir == 1) && rounds > 0) {

stepMotor(dir, rounds);
} else {

Serial.printin("Lénh khdéng hop 1é&. vui 1ong nhiap 'x y' véi x 1a 0

hoic 1, y 1a sé6 vong.");

}

// Xt 1y cdc 1énh hién co
else if (command == "reset") {

servol.write(180);
servo2.write(90);

resetMotor();

zht=0;

stepMotor(l, 15);

zht=15;

else if (command == "matsau") {
zmt=15;

z=zmt-zht;
if(z>=0){dir=1;}else{dir=0;z=-z;}
servol.write(0);
servo2.write(90);
stepMotor(dir,z);

zht=15;

else if (command == "mattrai") {
zmt=45;

z=zmt-zht;
if(z>=0){dir=1;}else{dir=0;z=-z;}
servol.write(180);
servo2.write(180);
stepMotor(dir,z);

zht=45;

else if (command == "matphai") {
zmt=45;

z=zmt-zht;
if(z>=0){dir=1;}else{dir=0;z=-z;}
servol.write(180);
servo2.write(0);
stepMotor(dir,z);

zht=45;

else if (command == "mattren") {
zmt=22;

z=zmt-zht;
if(z>=0){dir=1;}else{dir=0;z=-z;}
servol.write(90);
servo2.write(90);

stepMotor(dir, z);

zht=22;

else if (command == "mattruoc") {
zmt=15;



106.
107.
108.
109.
110.
111.
112.
113.
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115.
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118.
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z=zmt-zht;
if(z>=0){dir=1;}else{dir=0;z=-z;}
servol.write(180);
servo2.write(90);

stepMotor(dir, z);

zht=15;

} else {
Serial.println("Lénh khéng hop 1&. Cac 1énh hop T1é: reset, matsau,
mattrai, matphai, mattren, mattruoc, hoic 'x y'.");

delay(100); // che servo di chuyén xong
Serial.printin("done");

}

void stepMotor(bool dir, float numRounds) { ]
int steps = (int)(numRounds * stepsPerRevolution);
digitalwrite(DIR_PIN, dir ? HIGH : LOW);

for (int i = 0; i < steps; i++) {
d1'g1'ta1Wr1'te(STEP_PIN, HIGH) ;
delayMicroseconds (stepbelayMicros);
d1'g1'ta1Wr1'te(STEP_PIN, LOW) ;
delayMicroseconds(stepbelayMicros);

Serial.print("pa quay ");
Serial.print(numRounds);

Serial.print(" vong, chigu: ");
Serial.printin(dir ? "thuan" : "nguoc");

}

void resetMotor() {
digitalwrite(DIR_PIN, LOW); // Bit chieu quay nguoc (dir=0)

while (digitalRead(ENDSTOP_PIN) == Low) { // Quay cho dén khi D16 = HIGH
digitalwrite(STEP_PIN, HIGH);
delayMicroseconds(stepbelayMicros);
digitalwrite(STEP_PIN, LOW);
delayMicroseconds(stepbelayMicros);

Serial.println("péng co buéc da reset, dirng tai cong tic gié¢i han");
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