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A 4
f Phu lue 06-Khoa' B mon cé thé xem xét diéu chinh, bo sung cdc tiéu chi danh gia phic hop
vai dé cuong chi tiét hoe phan DATN

TRUONG PATHOC SUPHAMKY THUAT ~ CONG HOA XA HQI CHU NGHIA VIET NAM
KHOA DIEN TU- VIEN THONG Dic lip - Ty do - Hanh phiic

NHAN XET PO AN TOT NGHIEP
(Danh cho ngwoi hwong dan)

I. Thong tin chung:
1. Sinh vién thye hién: Huynh Vin Si
Nguyén Xuin
2. Lép: 18D3 Ma SV: 1811505410117
1811505410119
3. Tén d¢ tai: Ung dung cong nghé EDGE Al thiét ké hé théng dip lita theo dinh
hwéng nguon nhiét.

4. Ngudi hudng din: Phan Ngoc Ky. Hoc ham/ hoc vi: Thac sj.

II. Nhan xét, ddnh gia dd 4n t6t nghiép:

1. V& tinh cép thiét, tinh méi, muc tiéu cua dé tai: (diém t6i da 1a 1d)

D4 tai kha phire tap cho muc tiéu phét hién Iira va diéu khién hé théng chira chy (voi
phun) voi kién thire han ché trong nhitng ngay dau ﬂ'll‘{'C hién, nhém sinh vién da nd
luc tim kiém cdc giai phap cong nghé cling nhu yéu cau thuc thi trén cdc dong chip
cao cap STM32 Cortex-M ma sinh vién chua timg duoc trang bi d€ hoan thién mo
hinh.

M3 hinh thyc hién trén nén tang cong nghé Al, nhdn di¢n Itra trén Google Colab bfmg
ngon ngir Python.

Két qua mo hinh chay hoan toan nhiing trén trén chip STM32 Cortex-M Mb hinh
dugec trién khai trén vi diéu khién STM32 co thé mé rong pham vi ting dung cua de
tai.

2. Vé két qua giai quyét cac ndi dung nhiém vu yéu cdu cua dd an: (diém toi da 12 4d)
Vi cac nhiém cu duge giao, nhom sinh vién (tac gia) da tich cuc van dung kién thirc
da hoc, tim kiém thong tin va thuc nghiém de dua ra m6 hinh dap tng yéu cau dit ra.

3. V& hinh thirc, cdu tric, bd cuc ctia db an tét nghiép: (diém ti da 1a 2d)

B6 cuc béo cdo ctia do an dugc chia 1am 4 chuong. Noi dung, dinh dang cic chuong
theo diing yéu cau, dung quy dinh.

4, Két qua dat duoc, gia tri khoa hoc, kha néng img dung cla dé tai: (diém tbi da 1a 1d)
Nhom tién hanh tim cac giai phap dé thyc hién dd 4n, tién hanh so séanh dé tim ra
giai phap duogc dua ra. Vi nhém da tim duge giai phap ti wu nhét cho db 4n la sir
dung cong ngh¢ Edge Al dé xtr Iy hinh dnh va nhiing trén vi di€u khién STM32.
Nhém tién hanh thu thap di ligu Ia cac hinh anh vé lira dé tién hanh tao mé hinh Al
nhén dién lra.

Xay dyng mot hinh Al nhan dién lira trén Google Colab béng ngdn ngit Python.



Phu luc 06-Khoa/Bo mén cé thé xem xét diéu chinh, bo sung cdc tiéu chi ddnh gid phi: hop
v&i dé cieong chi tiét hoc phdan DATN
Sir dung cong cu STM32Cube Al dé chuyén déi thanh mé C va nhiing mé hinh xuéng
vi diéu khién STM32 va chay m hinh va kiém thir trén vi diéu khién STM32 trong
thue te.
5. Céc ton tai, thiu s6t cin bd sung, chinh sia:
L&i chinh ta vfa dinh dang van ban.
IIL Tinh thin, thai ¢ 1am viéc cda sinh vién: (diém t5i da 2d)
Nhém sinh vién da thyc hién véi tinh than rét tich cuc, khac phuc moi khé khan do
tinh hinh dich bénh, tw trang bi cdc dung cu va thudng xuyén lién hé véi gido vién hudng

dan trong sudt thoi gian thuc hién dé tai.

IV. Panh gia:
1. Didm dénh gi&: Huynh Vin ST 9.75/10
Nguyén Xuén 9.75/10
2. D& nghi: K Puoc bio vé ddan  [J Bé sung débaové [ Khong dugc bao vé
D Néng, ngay 04 thang 06 ndm 2022.
Ngudi hwong din

Phan Ngoc Ky



TRUONG PATHQC SUPHAMKY THUAT ~ CQONG HOA XA HQI CHU NGHIA VIET NAM

KHOA PIEN — BPIEN TU Poc lap - Tw do - Hanh phiic

NHAN XET PHAN BIEN PO AN TOT NGHIEP
(Danh cho ngwoi phdn bién)
I. Thoéng tin chung:
1. Ho va tén sinh vién: Nguyén Xuan @; Huynh Vian Si®
2. Lop: D18D4; @18D3  Ma SV: V1811505120261; P1811505120143

3. Tén dé tai: UNG DUNG CONG NGHE EDGE Al THIET KE HE THONG DAP

LUA THEO DINH HUONG NGUON NHIET

4. Ngudi phan bién: GVC. Nguyén Vian Thinh  Hoc ham/ hoc vi: Thac si
I1. Nhén xét, danh gia do an tot nghiép:
1. V& tinh cép thiét, tinh m&i, muc tiéu cia d¢é tai:
Pat tinh cap thiét, c6 tinh mai va thuc hién dung muc tiéu dé ra.
2. Vé két qua giai quyét cac ndi dung nhiém vu yéu cau cua do an:
P43 hoan thanh nhiém vy do an dang ky

3. V¢ hinh thire, cau trtc, bo cuc cua do an tot nghiép:

B6 cuyc o rang, hop 1y. Tuy nhién cé nhitng 16i vé cu, tir, muc chua hop 1y can sira

chtra lai.

4, Két qua dat duoc, gia tri khoa hoc, kha nang img dung cua dé tai:

Pi thi cong thanh cong md hinh dap lira theo dinh hudng ngudn nhiét bang cong nghé

EDGE Al.

5. Cac ton tai, thiéu sot can bo sung, chinh stra:

Can ra soat lai toan bd bao cdo vé chinh ta, tir ngilr, cau, dé muc; quy dinh chu thich

hinh, bang. Vi du hinh 2.17 1a bang chtr khong phai hinh.

Can giai thich chi tiét cac dai luong trong cong thirc tai trang 23, ¥ nghia ciia cong

thure.
Can trich din tai liéu tham khao vao cudi cac doan, muc ndi dung trong béo cdo.
Piém | Diém
TT Céc tiéu chi danh gia Z. i .,
toi da| danh gia
1 Sinh vién c¢6 phuwong phap nghién ciru phu hop, gidi 8.0 70
quyet cac nhiém vu do an dwgc giao ’ ’




- Tinh cép thiét, tinh mé&i (nd6i dung chinh cuia DATN cd
nhirng phan mai so voi cac DPATN trude day);

- Pé tai c6 gia tri khoa hoc, cong nghé; gia tri tng dung thuc
tién;

la 1,0, 1,0

- K¥ ning giai quyét van dé; hiéu, van dung duoc kién thirc
co ban, co sd, chuyén nganh trong van dé nghién ciru;

1b | - Kha nang thuc hién/phan tich/tong hop/danh gia; 30| 25

- Kha ning thiét ké, ché tao mot hé théng, thanh phan, hoac
quy trinh dap irng yéu cau dat ra;

- Chét luong san pham DATN vé ndi dung béo cdo, ban v&, 30| 25

le chuong trinh, mé hinh, hé thong, .. .;

- C6 k¥ nang st dung phan mém ung dung trong van dé
nghién ciru (thé hién qua két qua tinh toan bang phan mém);

1d - C6 k¥ nang st dung tai liéu lién quan van dé nghién ctru (thé 10 10
hién qua céc tai li¢u tham khao).
2 K§¥ ning trinh bay bao cao dd an tét nghiép 2,0 1,0
2a | - B6 cuc hop 1y, lap luan rd rang, chit ché, 10i vin stc tich; 1,0 05
2b | - Hinh thirc trinh bay. 10/ 05
3 | Tong diém theo thang 10 (1ay dén 1 s6 1é thap phén) 8,0
- Cau hoi dé nghj sinh vién tra 101 trong budi bA0 V8 .........ovieniieiiieieeieein .

- Pé nghi: X Puoc bao vé dd an [ B6 sung dé bao vé [ Khong dugce bao vé
Pa Nang, ngay 15 thang 6 nam 2022
Nguwoi phan bién

Nguyén Vin Thinh




TOM TAT
Ho tén sinh vién: Huynh Van Si Lop: 18D3 Ma& SV: 1811505120143
Nguyen Xuan 18D4 1811505120261

Khoa: Pién-Dién tir
Nganh: Ky thuat Dién tir
Tén dé tai: UNG DUNG CONG NGHE EDGE Al THIET KE HE THONG DAP
LUA THEO PINH HUONG NGUON NHIET.

Trong nhitng nim gan day cong nghé Al duoc st dung trong rat nhiéu linh vuc
khac nhau, véi su ra doi cua mot chirc nang maéi 1a hoc sau (Deep Learnig) thi d chinh
xéac va toc do xtr 1y ciia mot md hinh cang cao. Tuy nhién tir trude ti nay nhitng mo
hinh Al thudng duoc chay trén nhitng may tinh c6 toc do xtr 1y va chi phi dat do 1am
cho nguoi dung kho tiép can. Nhung trong nhitng nim gan diy mot cong nghé méi mang
tén Edge Al xuét hién, véi cong nghé nay giup cho ngudi ding c6 thé chay nhitng mo
hinh Al trén nhiing thiét bi han ché vé phan ciing nhu vi diéu khién. Sau qué trinh tim

hiéu thi nhém quyét dinh sir dung cong nghé nay cho do an ciia minh.

Mbt s6 cong cu dwoe nhém sir dung dé 1am do an:
+  Google colab: dung dé xay dung mé hinh Al nhan dién lta
« STMB32 Cube IDE: xay dung thuat toan chinh trong dé tai
+  STM32Cube Al: chuyén d6i mo hinh Al trén python vé ma C.
+  OpenMV IDE: xdy dung thuat toan dé chup anh va giri anh vé vi diéu khién

D6 4n ciia nhém chia thanh nim giai doan chinh:

Giai doan 1: Nhém tién hanh tim cac giai phap dé thyuc hién do an, tién hanh so sanh dé
tim ra giai phap dugc dwa ra. Va nhom di tim duoc giai phap toi wu nhat cho d6 4n 1a
st dung cong nghé Edge AI dé xtr Iy hinh anh va nhung trén vi diéu khién STM32.
Giai doan 2: Nhom tién hanh thu thap dit liéu 1a cac hinh anh vé lira dé tién hanh tao mé
hinh AI nhan dién Iira.

Giai doan 3: Nhom tién hanh xay dung mogt hinh Al nhéan di¢n Itra trén Google Colab
bang ngdn ngit Python.

Giai doan 4: St dung cong cu STM32Cube Al dé chuyén dbi thanh mé C va nhing mé
hinh xuéng vi diéu khién STM32.

Giai doan 5: Chay mo hinh va kiém tht trén vi diéu khién STM32 trong thuc té.



LOI NOI PAU
La sinh vién khoa Di¢n — Dién Tt cia truong Pai hoc Su Pham K§ Thuat — Pai
hoc Pa Ning, sau 4 ndm hoc tip va rén luyén dudi su chi bao cua thay co giap ching
em tich lily dugc rat nhiéu kién thirc. Va dd an t6t nghiép nay 1a thanh qua cta qua trinh
hoc tap va ren luyén tai truong.
Nhém xin gtri 101 cam on dén thiy Phan Ngoc Ky-Gido vién huéng dan do an, da

gitp do nhom rat nhiéu trong qua trinh thyc hién dd. Vi su chi dan nhiét tinh va dinh
huéng dung din cua thiy di gitp nhom tim ra duoc nhitng giai phap cho dé tai cua
minh.

Nhém ciing giri 101 cam on dén cac thay c6 & Trudong Pai hoc Su Pham K§ Thuat
— Pai hoc Pa Ning noi chung va cac thay c¢6 & Khoa Dién — Dién tir néi riéng da day va
truyén dat nhitng kién thtrc tir nhitng mon dai cuwong dén nhitng moén chuyén nghanh
trong sudt bon ndm qua, tir nhitng kién thirc nén nay da giip nhom phat trién 1én dé lam
d6 an nay.

Nhom ciing giri 101 cam on dén ban bé ¢ trudng va cac anh chi & cac cong dong vé

dién tir da gop ¥, chia s& kién thirc giup nhom hoan thanh dugc do an.

Xin chan thanh cam on!

Nguoi thuc hién dé tai
Huynh Vin Si
Nguyén Xuan



NHIEM VU PO AN TOT NGHIEP
Giang vién huéng dan: Ths. Phan Ngoc Ky
Sinh vién thuc hién: Huynh Vian Si M4 SV: 1811505120143

Nguyén Xuéan M4 SV: 1811505120261

1. Tén @@ tai: UNG DUNG CONG NGHE EDGE Al THIET KE HE THONG DAP
LUA THEO PINH HUONG NGUON NHIET.

2. C4c s6 liéu ban dau:

Mo hinh cin kiém tra 1a mot hé thdng bao chay va chira chay tng dung cong
nghé xur Iy anh c6 dic tinh sau:

e Kich thude: 18cm x 18cm.

e Chit liéu: Board déng, bia Carton, gia 4o nhya.
3. Noi dung chinh ciia @6 an:
Noi dung 1: Tim hiéu, lua chon céc giai phép, cac linh kién dung trong d6 an
Noi dung 2: Tinh toan, thiét ké cac khéi chic ning ciia hé thong.
Noi dung 3: Thiét ké, thi cdng mé hinh hé théng
Noi dung 4: Van hanh thar nghiém va hiéu chinh 16i.
Noi dung 5: Panh gia két qua thyc hién.

4. Cac san pham dy kién
5. Ngay giao dé dn: 21/02/2022

6. Ngay nop dé dn: 06/05/2022

Pa Nang, ngay  thing  nam 2022.
Nguoi huwéng din



LICH TRINH THU'C HIEN PO AN
Giang vién huéng dan: Ths. Phan Ngoc Ky

Sinh vién thyc hién: Huynh Van S1

Ma SV: 1811505120143
Ma SV: 1811505120261

Nguyén Xuéan

Deé tai:

UNG DUNG CONG NGHE EDGE Al THIET KE HE THONG DAP LUA
THEO PINH HUONG NGUON NHIET.

Két qua dy kién dat

TT Thoi gian Noi dung cong viéc
dugc
Gap gido vién huéng ddn vanhan | Viét nhiém vy va dé
1 | 21-27/02/2022 N
de tai, viét dé cuong. cuong
Tim hiéu cac hé thong bao chay | Hiéu duoc cac cong
va chita chay dang dugc cac toa | ngh¢ bao chay va chira
2 28/2-6/3/2022 . ) ]
nha sir dung chay dang duogc stir dung
nhiéu.
Tim hiéu cac giai phap cho dé tai | Chon cong nghé
3 7-13/3/2022 Al(Deep Learnig) la
giai phap cho dé tai.
Tién hanh thiét ké so d6 khdi Hinh dung duoc tong
4 14-20/3/2022 R
quat mé hinh
Tim hiéu vé vi diéu khién STM32 | Ndm duoc céc kién thirc
5 | 21-27/3/2022 vé vi diéu khién
STMa32.
Tim hiéu cac ngoai vi trén | Thuc hanh giao tiép véi
6 | 28/3-3/4-2022 | STM32 nhu ADC, | cic ngoai vi cua vi diéu
Timer,UART,.. khién STM32.
7 4-10/4/2022 Tim hiéu vé Google Colab va Sfr l’lgf)fl nglr Python 1ap
ngon ngit Python. trinh trén Google Colab.
Tién hanh thu thap dir liéu vé | C6 duoc dit liéu dau vao
8 11-17/4/2022 | chay va khoéng chay dé Train | ding véi yéu cau cia
Model Al mo hinh.
Tim hiéu vé ciu trtc mang CNN Nim duoc chu trac
9 18-24/4/2022 va thu vién Keras. mang CNN va cach st

dung mang Keras.




Déanh nhan va xu ly dir liéu dau

Chia 4nh thanh cac phan

10 | 25/4-1/5/2022 | vao cho md hinh Al. c6 ltra va khong lira dé
danh nhan.
Huén luyén mo hinh Al nhéan dién | C6 dugc mo hinh Al véi
11 2-8/5/2022
Itra. do chinh xac trén 90%.
Danh gia mé hinh Al trén tip dit | Kiém tra moé hinh ¢6
12 9-15/5/2022 , , , )
liéu mai. nhan dién dung khong.
St dung cong cu STM32Cube Al | Kiém tra mic d6 phtc
dé chuyén d6i mo hinh thanh C. | tap ctia mé hinh dé tim
13 | 16-22/5/2022 L .
duoc vi diéu khién thic
hop.
Két ndi STM32 vé6i cic phan | Thu thip anh dua vao
14 | 23-29/5/2022 | cling lién quan. STM32 xur ly va diéu
khién cac dong co.
Hoan thién chuong trinh va viét | Chay chuong trinh trong
15 | 30/5-6/6/2022 | béo céo. thuc té va hiéu chinh lai

mo hinh.

Pa Nang, ngay

..... thang .....nam 2022

NGUOI HUONG DAN




LOI CAM DOAN
Dé tai ndy 1a cong strc nghién ciru ciia nhom trong nhiéu thang qua, dé tai c6 tham
khéo mét sd tai liéu duoc nhom liét ké trong phém phu luc. Va khong sao chép tir cac

luan van hay d6 an da cé trude do.
Nguoi thyc hién dé tai

Huynh Van Si
Nguyén Xuan

Vi
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Ung dung cong nghé Edge Al thiét ké hé thong ddp lira theo dinh hidng nguon nhiét

CHUONG 1: TONG QUAN PE TAI

1.1 Dit vén dé:

Hi¢n nay hda hoan 1a mot tai nan dé lai hau qua nang né nhat vé ca tinh mang lan
tai san. Theo thdng ké ciia cuc phong chay chita chay chi trong 5/2022 trén toan qubc
xay ra 154 vu chay. Thiét hai khoang 33,23 ty dong, 6,36ha ring va lam hang chuc

nguoi bi thuong.

Vi viy viéc phat hién sém cac nguy co dan dén chdy nhu khi gas, khoi, ltra rat
quan trong. Khi d3 phat hién chay ta tién hanh bao dong dé so tan va ap dung cong nghé
xtr Iy anh dé phat hién dam chay va tién hanh dap Itra s& tranh duogc t6i da nhirng thiét
hai.

1.2 Cac giai phap hién tai:

1.2.1 Hé théng bdo chdy théng thwong:
Véi tinh ning don gian, gia thanh khong cao, hé thdng bao chay thong thuong chi

thich hop 1dp dit tai cac cong ty c6 dién tich vira hoic nho( Khoang vai ngan m2, sb

Sinh vién thyc hién: Huynh Vén S Gido vién huéng dan: Th.s Phan Ngoc Ky 1
Nguyen Xuan



Ung dung cong nghé Edge Al thiét ké hé thong ddp lira theo dinh hidng nguon nhiét

lwong cac phong khong nhiéu( Vai chuc phong); 1ap dit cho nhitng nha, xudng nho. ..
Céc thiét bi trong hé thong duoc méc ndi tiép voi nhau va mic nbi tiép voi trung tim
bao chay, nén khi xay ra su ¢ trung tm chi c6 thé nhan biét khai quat va hién thi toan
bd khu vuc (zone) ma hé théng giam sat (chir khong cho biét chinh xac vi tri timg dau
bao, timg dia diém co6 chay). Piéu nay lam han ché kha ning x\r Iy ctia nhan vién giam
sat.

Hé théng bao chay thwéong
(Conventional fire alarm system)

Hinh 1-2: Hinh dnh minh hoa vé hé thong bdo chdy théng thirong.
1.2.2 Hé théng bdo chdy dia chi.

THIET BI DAU VAO THIET B| DAU RA
1 N W
ol Y
NUTNHAN  DAU BAO NHIET DAU BAO KHOI ;.
DIACHI . DIACHI _ DIA CHi
= \ MODULE .ﬂlm
J_ DIEU KHIEN cabus
i THIET B
¥
MODULE GIAM SAT % mk 4
DAU VAO (DIA CHI) TUBAO CHAY
o DIA CHi 0
‘0 .
DAU BAO KHOI ‘
- vl T : E : DEN CHOP
.—1_— = :
";’JU';:‘;" ,;L‘ MODULE DUNG CHO ':)‘;?JU;:
- DAU BAO THUONG NGUON 24V CHUONG
DAU BAO NHIET BAO CHAY
THUONG
Hinh 1-3: So do hé thong bado chdy dia chi
Sinh vién thyc hién: Huynh Van Si Gido vién huéng dan: Th.s Phan Ngoc Ky 2
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Ung dung cong nghé Edge Al thiét ké hé thong ddp lira theo dinh hidng nguon nhiét

Vi tinh ning k§ thuét cao, hé thong bao chay dia chi dung dé 1ap dit tai cac cong
trinh ma mit bang st dung rong 16n (vai chuc ngan m2), dugc chia ra lam nhiéu khu
vuc doc 1ap, cac phong ban trong tirng khu vuc riéng biét véi nhau. Ting thiét b trong
hé théng duoc méc truc tiép vao trung tAm bao chay gitp trung tim nhan tin hiéu xay ra
chay tai tung khu vyc, tung dia diém mot cach rd rang, chinh xac. Tt d6 trung tam co
thé nhan biét thong tin sy ¢c6 mot cach chi tiét va dugc hién thi trén bang hién thi phu
gilip nhan vién giam sat c6 thé xu 1y sy ¢b mot cach nhanh chong.

1.2.3 Nguyén ly hoat déng:

Quy trinh hoat dong ctia hé thong bao chay 1a mot quy trinh khép kin. Khi ¢6 hién
tuong vé su chay (chéng han nhu nhiét do gia tdng dot ngdt, co sy xuét hién cua khoi
hoic céc tia ltra), cac thiét bi dau vao (dau bao, cong tic khan) nhan tin hiéu va truyén
thong tin clia su ¢ vé trung tim bao chay. Tai day trung tim s& xur 1y thong tin nhan
duoc, x4c dinh vi tri noi xay ra su chy thong qua cac zone (d6i voi hé thong bao chay
thuong) hoic thong qua dia chi (d6i v6i hé thong bao chay dia chi) va truyén thong tin
dén cac thiét bi dau ra (bang hién thi phy, chudng, coi, dén), cac thiét bi ndy s& phat tin
hiéu 4m thanh, anh sang dé moi nguoi nhan biét khu vuc dang xay ra sy chay va xtur Iy
kip thoi.

Pau vao B6 hién thj

Hinh 1-4: So d6 nguyén Iy hoat dong ciia hé thong
1.2.4 Khdo sat cac hé thang bao chay, chira chay dwec sir dung & siéu thi GO:
Hé thong bao gdm 3 phan: mot dau bao chay, mot loa dé phat ra canh bao va mot

ong dan nudc dé chita chay.

Sinh vién thyc hién: Huynh Vén S Gido vién huéng dan: Th.s Phan Ngoc Ky 3
Nguyen Xuan



Ung dung cong nghé Edge Al thiét ké hé thong dap lira theo dinh hwéng nguon nhiét

Hinh 1-5: Ddu béo khdi thurc té
Khi ¢6 chay va cam bién khoi phat hién c6 khoéi thi s& kich hoat cac hé thong voi
phun nuéc da huéng phun nuée dé dap lira, cic hé thdng van nude nay duoc lip dit
khip toa nha dé dap lira & bat ki vi tri nao ctia toa nha.

ig - __ ° v 77E> =

Hinh -é?Hé théng van dén nuée.

Sinh vién thyc hién: Huynh Van Si Gido vién huéng dan: Th.s Phan Ngoc Ky 4
Nguyen Xuan



Ung dung cong nghé Edge Al thiét ké hé thong ddp lira theo dinh hidng nguon nhiét

Ngoai ra con co cac thiét bi dé chita chay bang tay nhu binh chita chay va voi phun

nudc cong suat 1on.

Hinh 1-7: Binh chita chdy va voi phun nude cong sudt Ion.

Nhuge diém cta hé théng chita chay trén: Vi nhitng thiét bi phat hién chay bang
khoi thi khé dé phat hién duoc nhitng ddm chdy nho luc, vi luc chay 16n méi phat sinh
ra khoi nén lac d6 viéc chira chdy s& kho khin hon. Liic chita chay hé thong sé tién hanh
phun nudc ca mot khu vuc duoc cho 1a dang c6 chdy, viéc nay vo tinh gady anh hudng
t61 vat dung khac nhu gidy to, ...

1.3 Peé xuat giai phap:

V&i van dé d3 néu ra & phén trudc, nhom da quyét dinh xay dung mot hé théng
phat hién dung vi tri chdy bang camera va tién hanh dép ltra dé tranh dam chay lan rong
ra gay thiét hai vé tai san.

Viéc xir Iy anh dé phat hién c6 chay hay khong thuong dung cdc may tinh hozc
may tinh nhing c6 cdu hinh cao dé xir 1. Viéc nay khién cho viéc xdy dung hé thong
nay tré nén tén kém chi phi. Nén nhom da sir dung mot cong nghé khac mang tén Edge
Al - iing dung trf tué nhan tao trén cac thiét bi canh. Pay 1a mot cong nghé duge st dung
nhiéu trong nhitng nim gan ddy, cong nghé nay cho phép nhing cac mo hinh Al xudng
céc thiét bi vi diéu khién c6 bo nhd va tdc do xur 1y thp thay vi phai thuc hién trén cac

may tinh va siéu may tinh nhu trudec.

Sinh vién thyc hién: Huynh Vén S Gido vién huéng dan: Th.s Phan Ngoc Ky 5
Nguyen Xuan



Ung dung cong nghé Edge Al thiét ké hé thong ddp lira theo dinh hidng nguon nhiét

Bua ce ma di Traning hé thong
lidu 8 duoe » trén Google ‘ Model

phin tich Colab(python)
£ et o Phat hién va diéu
pen | @it | g oo | qa | Hibiod
chay. YT
) huong vé dam chay.

Hinh 1-8: So d6 khoi tong quan mé hinh chira chdy dinh hwéng nguon nhiét

Trong dé tai nay dau tién ta s& tao mot hinh nhan dién lua Al tiép theo s€ nhung
mo hinh nay xuong vi diéu khién STM32 dé chay trong thuc té.
Ly do chon de tai:
e Dap dugc ngudn chdy, tranh tinh trang chay lan.
e Khong gay anh huong tdi cac tai san khac.
e Tiét kiém duoc nguén nuoc.
Muc tiéu ciia dé tai: ) . ’
Xay dung moét hé thong dap Itra theo dinh hudng ngudn nhiét ¢ trong nha, h¢ thong
chay trén vi diéu khién STM32 dé tiét kiém chi phi.

Sinh vién thyc hién: Huynh Vén S Gido vién huéng dan: Th.s Phan Ngoc Ky 6
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Ung dung cong nghé Edge Al thiét ké hé thong ddp lira theo dinh huwéng nguon nhiét

CHUONG 2: COSOLY THUYET

2.1 Téng quan vé Al:

2.1.1Al lagi?

Al (Artificial Intelligence) hay con goi 1a tri tué nhan tao 1a mot thuat ngir dé noi
vé tri tué cua cac thiét bi nhu may tinh, robot... dugc con ngudi 1ap trinh hoac huén
luyén dé c6 thé ty dong lam nhitng cong viée nhur con ngudi.

Céc su kién Al ndi bat chan dong thé gidi khi Al danh bai dugc con nguoi
e IBM’s Deep Blue Defeats Garry Kasparov in Chess [1996-1997]
¢ |IBM Watson defeats Brad Rutter and Ken Jennings in Jeopardy [2011]
e Deepmind’s AlphaGo defeats Lee Sudol in game of Go [2016]
e Deepmind’s Alphastar beats StarCraft 2 Champion [2018]
e Facebook’s Pluribus defeats professional poker players [2019]
Vé thoi gian: 1996 -> 2011 -> 2016 -> 2018 -> 2019

Tri tué nhan tao khac véi chuong trinh may tinh thong thuong & chd, chuong trinh
may tinh thuong sir dung cac cau 1énh dang if — else dé xtr Iy cong viée theo diéu kién
da 1ap trinh tur trudc néu c6 mot su kién nam ngoai viéc da 1ap trinh thi chuong trinh s&
dimg. Con d6i voi Al n6 dua trén nguyén tic tri thong minh ciia con ngudi, nd c6 thé
hoc dé trd nén thong minh hon va dac biét diém manh cua Al 1a kha nang suy luan dé

giai quyet mot van dé nao do.

Hinh 2-1: Céng nghé Al dwoc sir dung trong nhiéu linh vuec.

Sinh vién thyc hién: Huynh Van Si Gido vién huéng dan: Th.s Phan Ngoc Ky 7
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Ung dung cong nghé Edge Al thiét ké hé thong ddp lira theo dinh huwéng nguon nhiét

Cac ung dung cua tri tu€ nhan tao dang dugc ap dung cho nhiéu linh vuc va cac
nganh cong nghiép khac nhau. Tri tué¢ nhan tao dang dugc thir nghiém trong linh vuc
chiam soc sirc khoe, né c6 thé du doan va dé xuit cac phuong phéap diéu tri cho bénh
nhan. VA cac vi du vé& Al khac nhu Siri, 6 t6 tu 141, d& xuat trén cong cu tim kiém cua
Google.

2.1.2 Phan logi Al:

Vao nhimg nam 50 cta thé ky trude thi nhitng ¢d may, nhitng chuong trinh AI dau
tién dugc st dung. Nhitng chuong trinh Al ¢ giai doan nay con kha tho so vi han ché vé
tai nguyén may tinh, mot chuwong trinh ndi bat 13 may tinh c6 kha niang ti hoc dé choi
c0. Nhung Al thuc sy dugc sir dung nhiéu 14 vao nam 1980 tré di khi mot khai niém
moi 1a hoc may (Machine Learning) ra doi va thuc sy bung nd khi xuat hién hoc sau
(Deep Learning).

Artificial
Intelligence

Engineering of
making Intelligent
Machines and Programs

Machine
Learning

Ability to learn
without being explicitly
programmed

Leamning based on
Network

W O |y O - -

1950's 1960s 1970's 1980°'s 1990°s 2000's 2006's 2010's 2012's 2017's

Hinh 2-2: Lich si phdt trién ciia Al

C6 hai cach dé xay dung mét mé hinh hoc:

e Cach 1: Viét ra cac quy luat va chuong trinh sé& thyuc hién theo luan d6, vi du nhu
if-else.

e (Cach 2: Xay dung chuong trinh gitp may c6 kha nang tu hoc chir khong phai theo

cac luat quy dinh san.

Sinh vién thyc hién: Huynh Van Si Gido vién huéng dan: Th.s Phan Ngoc Ky 8
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Ung dung cong nghé Edge Al thiét ké hé thong ddp lira theo dinh hidng nguon nhiét

2.1.3 Machine learning la gi?

Hoc may (Machine Learning) 1a mét tdp hop con cua Al nd ing dung cac thuat
toan dé phan tich cac dir liéu dau tim nhitng dic trung cia dit liéu d6, hoc hoi tir nhitng
dir 1i€u do6 va sau do dua ra cac du doan hoac thuc hién mot quyét dinh vé cac van dé

lién quan.

Artificial Intelligence

Machine Learning

Deep Learning Asubset of Al that ANy technique that
enables computers
to mimic human
intelligence, using
logic, if-then rules,
decision trees, and
machine learning
(including deep
learning)

The subset of machine learning includes abstruse
composed of algorithms that permit statistical techniques
software to train itself to perform tasks, that enable machines
like speech and image recognition, by to improve at tasks
exposing multilayered neural networks to with experience. The
vast amounts of data. category includes
deep learning

Hinh 2-3: Cdc tap hop con cua Al

Hoc may dugc sinh ra dé chig minh méy tinh c6 thé hoc ma khong can duogc lap
trinh dé thuc hién céac cong viéc cu thé. Pdi véi hoc may né c6 kha nang stir dung va lap
di l3p lai nhitng phép toan phirc tap, viéc nay rat quan trong vi khi mé hinh nhan céc dir
lidéu méi, chiing c6 kha nang thich img doc 1ap ma khong can sy can thiép ctia con nguoi.

Hoc may khac véi tri tué nhan tao, d6i vai tri nhan tao day 1a mot nghanh khoa
hoc ap dung céc k¥ thuat va cong nghé dé bat chudc tri tu¢ va hanh dong ciia con nguoi.
Con hoc may no 1a mot tap hop con gitip dao tao ra nhitng cd may cé kha ning tu hoc
va suy luan.

Quy trinh 1am viéc ciia mot h¢ thong Machine Learning:

e Thu thap dir li€u: Pé huén luyén mot mo hinh may hoc trude tién ta can xay dung
mot bo dix liéu. Ta can nén thu thap dir liéu & céac ngu(‘Sn chinh théng dé dam bao dit lidu
duoc chinh xac.

e Quy trinh xur Iy phan loai dir liéu dau vao: Cac thuit toan hoc may duoc sir dung
dé dua ra cac dy doan va phén loai. M6 hinh hoc may dua trén cac dir liéu dau vao da

dugc gan nhan va tién hanh phan loai cac dir 1i€u nay.

Sinh vién thyc hién: Huynh Vén S Gido vién huéng dan: Th.s Phan Ngoc Ky 9
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Ung dung cong nghé Edge Al thiét ké hé thong ddp lira theo dinh hidng nguon nhiét

e Huén luyén mo hinh: Khi di c6 dit liéu ta tién hanh huin luyén mé hinh, mé hinh
st dung cac ham va céc 16p loc dé tién hanh trich xuat dic trung cua dit liéu vao.

e Quy trinh danh gia: Khi da huan luyén mo hinh xong tirc ta da cho may hoc thanh
cong. Ta st dung cac ham dé thuc hién so sanh dua trén két qua du doan va két qua thuc
té dé két luan do chinh xac ctia mé hinh

e Quy trinh t6i vu hda md hinh: Sau khi di dénh gid mé hinh, néu d6 chinh xac dudi

80% tic do chinh x4c chua cao thi ta tién hanh huan luyén lai mé hinh.

Machine Learning Workflow

Data
collection

Preprocessing

Hinh 2-4: Cdc buéc dé xdy dwng mét mé hinh hoc may.
Cé 4 ky thuat hoc may: v

e Hoc c6 giam sat (Supervised machine learning): Pugc dinh nghia bang cach su
dung cdac tap dir liéu da dugc ga‘in nhén dé huin luyén mot mo hinh hoc may nham nang
cao két qua du doan mot cach chinh xac. Han ché ctia hoc may c6 giam sat can cung cip
nhiéu dit liéu duoc ga‘in nhan, trong nhiéu dy an 1én viée ¢6 duoc cac dir lidu di duoc
gin nhan s& t6n rat nhidu chi phi.

e Hoc khong giam sat (Unsupervised machine learning): Pugc sir dung nhiéu trong
viéc kham pha cdu tric va méi quan hé cua dir liéu. Piém khac biét gitra hoc ¢6 giam
sat va khong giam sat 1a ¢ dit liéu ddu vao, ddi voi hoc khong giam sat thi dit liéu dau
vao khong can danh nhin. Céc thuit toan ma hoc khong giam sat str dung dé phat hién
nhirng diém tuong ddng va khac biét trong dit liéu dau vao.

e Hoc ban giam sat (Semi-supervised learning): 1a su két hop gitta hoc c6 giam sat
va hoc khong c6 giam sat. Trong qua trinh huén luyén n6 str dung mot tap dit liéu nho
dd duoc danh nhin dé phan loai va trich xuét dic trung cho mot tap dir li¢u 16n hon
khong dugc danh nhin. Hoc ban giam sat giai quyét dé cua mot tap dit liéu 16n khong

duoc danh nhin day du.

Sinh vién thyc hién: Huynh Vén S Gido vién huéng dan: Th.s Phan Ngoc Ky 10
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Ung dung cong nghé Edge Al thiét ké hé thong ddp lira theo dinh huwéng nguon nhiét

e Hoc ciing c¢b (Reinforcement machine learning): mét mé hinh hoc may hanh vi
twong ty nhu hoc ¢6 giam sat, nhung thuat toan khong dugc dao tao bé‘mg cach st dung
dir liéu mau. M6 hinh nay s& hoc theo cach sir dung thtr va sai. Mot chudi cac két qua
thanh cong s& dugc cung cd dé phat trién khuyén nghi hoic chinh sach tot nhat cho mot
van dé nhét dinh.

Meaningful

Compression

Structure Image

] Customer Retention
Discovery Classification

Big dara Dimensionality Feature Idenity Fraud

isualistai i i Diagnostics
Visualistaion Reduction Elicitation Detsction Classification &

Advertising Popularity
Prediction

Learning Learni ng Weather

Machine W=

Growth
Prediction

Recommender UnSUperVised Supet’vised

Systems

Clustering
Targetted
Marketing

Market
Forecasting

Customer

Segmentation Learn i ng

Estimating
life expectancy

Real-time decisions Game Al

Reinforcement
Learning

Robot Mavigation e o
! At Skill Acquisition

Learning Tasks

Hinh 2-5: Cdc ky thudt hoc may.

2.1.4 Deep Learning la gi?

Deep learning hay con goi 1a hoc sau cling chi 1a mot tap hop con cuia may hoc.
Nhung n6 ¢6 kha nang xtr Iy cac bai toan phirc tap hon nho str dung mang no-ron (Neural
Networks). Mang no — ron gém nhiéu no — ron, 16p lién két v6i nhau dé tao thanh mot
nhu mot bo ndo cua con nguoi.

Dbi voi hoc may nd sir dung mot s6 qué trinh xir 1y dit liéu va danh nhan méi dua
dr liéu vao qua trinh huén luyén. Ddi v6i hoc sau thi nd bo qua mdt sb qué trinh tién xir
1y va ting cudng sir dung mang no-ron nhiéu 16p an dugc nbi voi nhau, véi mdi 16p
duoc xay dung dua trén 10p trude d6 dé tinh chinh va toi wa hoa dy doan va phan loai.

Trong Deep Learning, Mang no-ron hop phap hay CNN 1a mét loai mang no-ron
nhan tao, duoc sir dung rong rii dé nhan dang va phan loai hinh anh / d6i twong. Do do,

Deep Learning nhan dang cac ddi tugng trong hinh anh bang cach st dung CNN.

Sinh vién thyc hién: Huynh Van Si Gido vién huéng dan: Th.s Phan Ngoc Ky 11
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Machine Learning

GBp — |fy — 2707 —

Input Feature extraction Classification Output

Deep Learning

& - 3z - Il

Input Feature extraction + Classification Output

Hinh 2-6: Su khdc nhau gitta hoc mady va hoc sdu.

2.1.5 Té bao than kinh sinh hec:

Té& bao than kinh sinh hoc la té bao than kinh c6 cac don vi co ban cua ndo va hé
than kinh, céc té bao chju trach nhiém nhan dau vao cam giac tu thé gi61 bén ngoai thong
qua dudi gai, xtr Iy n6 va dua ra dau ra théng qua céac soi truc
Dengnte

E\ I
X1| o /A
. Cell body

— <
{ / Qo Myelin sheat OUtPUtS

\ . ‘\
e " - Myelinated axon

Inputs

Hinh 2-7: Mé hinh ciia mét té bao than kinh sinh hoc.

Axon terminal

P
o

-

2.1.6  Mang than kinh nhan tao (ANN or NN):
Mang than kinh nh4n tao hay ANN 1a mdt mé hinh xir 1y thong tin duoc 14y cam

htng tir cach hé thdng than kinh sinh hoc nhu ndo b xir 1y thong tin. N6 bao gdbm mot

Sinh vién thyc hién: Huynh Vén S Gido vién huéng dan: Th.s Phan Ngoc Ky 12
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Ung dung cong nghé Edge Al thiét ké hé thong ddp lira theo dinh hidng nguon nhiét

s6 lwong 16n cac phan tir xir Iy ¢6 tinh lién két cao (té bao than kinh) lam viéc déng bod

deé giai quyét mdt van dé cu thé nao do.

Input layer Hidden layers i Output layer
7 h h, h, 0

Tnput 1 A}\"‘/{“%\% z{{‘
D X
&/

%0 N
iy

Outpug 1

» \/
4 \
N A\,

Hinh 2-8: Kién triic mang ANN.

Kién truc mang NN:

Chuing ta s& c6 nhiéu dau vao input tir X0 dén Xn, va dau ra 1a mot két qua phu

thudc vao cac dau vao, mdi dau vao s& di theo twong duong voi mot trong s6 w (weights),

cac trong sO nay no s€ anh hudng dén két qua ngo ra, dong thoi nd cling cd6 mot trong

s0 b (bias) d€ hi¢u chinh cac trong s6 ngo6 vao cung tang lén hodc gidm xudng, sau khi

xich ma lai thi n6 sé di qua mdt ham goi 1a activation dé dinh hinh két qua ngod ra cua

mot kién truc mang

1 —» b ) Bias

ﬁ\\A

x1—>w1\ Z

f' activation
* function

input > output
p Xy — (W > p
. / b+XgWo+X1 W1+...+XaWp
xn _» wn

Synaptic
Weights

Hinh 2-9: Kién tric ciia mang NN.
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Mang Neural Networks gom ba phan:
e Input layer (Lép vao): Cac dau vao ciia mang.
e Hidden layer (Lép an): Céc 16p tinh toan va suy luan logic ctia mang.
e Output layer (LSp ra): cac dau ra cia mang.

Lay vi du chung ta xay dung mot mo hinh Al hoc ¢6 giam sat c6 3 dir liéu dau vao
x1 X2 x3 va cac dit liéu nay da biét trudc duoc két qua, va mdi 1an ching ta dua mot bo
dir liéu dau vao thi dau ra nd s& c6 mot két qua, lac d6 két qua gitra chung ta biét trude
va két qua ctia mo hinh dua ra no6 s€ c6 mdt khoang 16i, chuong trinh s tu dong cap nhat
lai céc trong s6 w, b 1am sao cho khoang 15i nay né hoi tu lai xap xi bang 0. Rdi s& cho

vao vong lap dé di huan luyén va 1ay ra mé hinh c6 % chinh xac cao nhit.

Feed new data

\V/

X1 @ | O | S

2> @ @) @ @S> [Yor

X3 O . . A

routiayer  Hiddenlayer]  HiddenLiyerd  OuIpiRLayH EFI'OI"

N
Y

Hinh 2-10: M6 hinh AI hoc c6 giam sat
2.2 Edge Al lagi:

Edge Al 1a viéc trién khai va nhiing cac ing dung Al 1én cac thiét bi c6 bo nhd va
hiéu nang thap. Viéc nay gitp cac du 4n vé Al dugc tinh toan va phan tich dir liéu gan
noi lay dir liéu, thay vi gui dit liéu 1én ddm may dé cac siéu mdy tinh xir 1y viéc ndy mat
thoi gian va tiéu ton nhiéu tai nguyén.

Mot s6 g dung noi bat sir dung cong nghé EDGE Al nhu 12 loa thong minh cia
Google, Apple HomePod. O cic thiét bi nay ching di duoc nhiing mét chuong trinh
Machine Learning dé xir 1y 4m hoc. Khi ngudi dung giao tiép véi cac tro 1y nhu Siri
hoic Google Assistans, né s& giri ban ghi 4m yéu cau ciia ngudi diing xudng téi cac thiét

bi Edge dé xtr Iy va tra vé két qua.

Sinh vién thyc hién: Huynh Vén S Gido vién huéng dan: Th.s Phan Ngoc Ky 14
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Ung dung cong nghé Edge Al thiét ké hé thong ddp lira theo dinh hidng nguon nhiét

i%ﬂ Neural Network (NN) Model Creation Operating Mode
Process & analyze
Capture Data Train NN Model new data using trained NN

Convert NN into
m optimized code for MCU 9

Llte.cugmented

Hinh 2-11: Cdc buéc dé xdy dung mé hinh Edge Al trén STM32.

Lgiich !(hi stt dung EDGE AI: ‘ ‘

e Phan xur Iy Al sat véi sensor hon, n6 xt 1y tai bién khong can dua truyén qua moi
truong internet

e Tbt hon vé trdi nghiém nguoi ding

e Real time, dap img dugc thoi gian thuc

e (C06dg tin cdy cao, vino nam & vi diéu khién nén bao mat va an ninh cao khong bi
can thiép badi bén ngoai.

e Khong ton tai nguyén vé cloud

e (0 3o riéng tu hinh 4nh am thanh

e Tiéu ton ning luong nho

e Mo hinh Edge Al duoc ding nhiéu trén cac thiét bi nhu vi diéu khién thay vi may
tinh nén giam dugc rat nhiéu chi phi.

e Véi mot mé hinh Al nd ¢ kha ning tu hoc nén né khién mé hinh duoc cai tién
lién tuc.

e Nho gon

Nhuwoc diém:

e Khong phat trién tmg dung, bao tri server vt va.

e Khong thé phat trién duoc cac tng dung c6 do phuc tap cao.
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Traditional Modeling

Data

Computer :> Result

Prediction

Handcrafted

1T 71

Deep Learning

o Sample Data
£ ] B
£ Computer ) Model n
Q
- Expected Result )
‘5 New Data )
3 MCU
5 Result
0 (Computer)
o Model )
T b

Hinh 2-12: Chirong trinh mdy tinh truyén théng va Edge Al

Déi véi cac chuong trinh truyén théng khi dua mot dir liéu dau vao thi 1ap trinh
vién can viét cac chuong trinh dé tim ra két qua mong mudn. Va ddi véi mot chuong
trinh Al cu thé & ddy 1a mot chuong trinh Deep Learning thi viéc dau tién ta can lam 13
huin luyén mot mo hinh dé giai quyét mot van dé cu thé nao dé va khi d3 c6 duoc mo
hinh thi ta tién hanh chay mé hinh d6 véi cac dir liéu méi lic nay két qua cua chuong

trinh s& 13 cic nhan tuwong Gng véi dir liéu dau vao.
2.3 Giéi thiéu phan cing:

2.3.1 Board STM32H743Z1 nucleo: [1]

Véi viée str dung dén Al va c6 str dung camera nén kha ton tai nguyén ciing nhur
hiéu nang cao dé xir 1y thi sau khi phan tich nhom da lya chon va quyét dinh sir dung
STM32H743ZI nucleo dé thyc hién dé tai nay.

Board STM32-H743ZI 1a board diéu khién c6 cdu hinh va hiéu ning cao ma gia
ca lai phai chang, tich hop trinh g& 18i va lap trinh ST-LINK V3 va di kém véi phan
mém toan dién STM32 va thu vién HAL.
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0C |
U Nudeo [
QO !

R 000 v

Hinh 2-13: Hinh anh STM32H743Z1 Nucleo.

Théng s6 k§ thuat:

32-bit ARM® Cortex®-M7 core

bién &p hoat dong: 1.62 Vto 3.6 V

Up to 2 MB of Flash memory

32 kHz tan s6 dao dong noi

B6 nhé RAM: IMB

Tan s6 dao dong: 64 MHz HSI oscillator, 48 MHz RC oscillator, 4 MHz CSI

oscillator, 40 kHz LSI oscillator

S6 lugng chan I/O: 168 chan

Hb trg giao tiép: 4x12C, 4xUSAT/4xUART, LPUART, 6xSPIs, 4xSAls...
22 timer va watchdog.

Hb trg chudn DCMI giao tiép camera 8 dén 14 bit.

3 dén LED nguoi dung.

2 nat nhan ngudi dung va Reset.

Pau nbi ST Zio, md rong két néi ARDUINO® Uno V3.

Ethernet tuong thich véi IEEE-802.3-2002
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e USB OTG tbc d6 day du hodc chi thiét b
e Dau nbi bang: USB véi Micro-AB hodc USB Type-C ®Ethernet RJ45

JP1ET-LINK RST Nt ST-LINK micro LISB connector

CN2 DFU connactor LD4 COM LED {retigraen)
LD ST-UNK
owercumant LED (red)

CNS MP| connacior LDS Power LED (green)
JP2 Power source
seloction

LD$-L0G user LEDs
JP3IMCU RST
JPS VDD _MCU
Power sedecton

JP4 10D measurament
CON7 210 connacior

CNB 230 connector

U14 STM32
microconroliar
CN12 ST mogpho
pin header

CN11 5T marpho
pin headar

CN10 Z)0 connecior
CN9 20 connector

B1 usar buton B2 reset tution

CN13 user USS
connacter CN14 Ehamet RJ45
connector

LD7 US8 overcurment LED

LD8 USE VBUS LED

Hinh 2-14: Layout cia vi diéu khién STM32H7.

MOV BTV

2.3.2 Module OpenMV Cam H7:

STM32 1a mét trong nhitng dong chip 32 bit phd bién cta hang ST véi nhiéu ho
thong dung nhu F1, F4...Module OpenMV Cam H7 tich hop bd vi xur Iy STM32H743VI
ARM Cortex M7 chay véi toc do 480MHz.

Hinh 2-15: Hinh anh Module OpenMV Cam H7.
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e Bo xt Iy STM32H743VI ARM Cortex M7 chay ¢ tbc do 480 MHz voi 1MB
SRAM va 2MB flash. Tét ca cac chan I/ O déu xuét ra 3.3V va chiu duoc 5V. Bo xur ly

co cac giao dién 1/ O sau:

o

o

o

o

o

Giao dién USB toc d6 day du (12Mbs) dé két ndi vi may tinh .

Mot 6 cdm thé SD c6 kha nang doc / ghi 100Mbs cho phép OpenMV Cam ciia
ban chuyp anh va luu anh.

Mot bus SPI ¢6 thé chay téi 80Mbs gitp truyén dit liéu hinh anh téi LCD hoic
mot vi diéu khién khéc.

Bus 12C (t6i da 1Mb / s), Bus CAN (1én dén 1Mb / s) va Bus ndi tiép khong
ddng bo (TX / RX, 1én dén 7,5Mb / s) dé giao tiép voi cac bd vi diéu khién va
cam bién khac.

Mot bd ADC 12-bit va mot bd DAC 12 bit.

Ba chan I/ O dé diéu khién cac thiét bi ngoai vi.

Ngit va PWM trén tit ca cac chan I/ O (c6 10 chan I/ O trén bo mach).

Va, mot den LED RGB va hai dén LED IR 850nm cong suét cao.

e Hg¢ thong md-dun may anh co thé thao rdi cho phép OpenMV Cam H7 giao tiép

v6i cac cam bién khac nhau.

e OpenMV Cam H7 di kém vé6i cam bién hinh anh OV7725 c6 kha ning chup anh
640x480 8-bit Grayscale hoac 640x480 16-bit RGB565 ¢ 75 FPS khi d0 phan giai trén
320x240 va 150 FPS khi ¢ duéi.

OpenMV Cam H7 - OV/7725

‘ All pins are 5V tolerant’ with a 3.3V output
’ ’ / . ¥4 All pins can sink or source up to 25 mA?
“‘penIUI U v n 1P6 is not 5V tolerant In ADC or DAC mode
OPOHMV Cam - ?Up to 120mA in total between all pins
By: Ibeahim Abdelkader & Kwabena W, Agyeman
https //openmv.io
LED1 -~ Red
LED2 - Green 2 — |
LED3 - Blue , i  MicroSDSlot

LED4 - IR - L= SD < 2GB Max
t [, ! e SDHC < 32GB Max

SDXC < 2TB Max

Hinh 2-16: So' d6 chdn ciia Module OpenMV Cam H7.
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Pin o
Description
Header | No |  Name
J1 Pin Configuration
1 PO UART1 RX = TM1 CH3N - SPI 2 MOSI
2 P1 UART1 TX = TM1 CHZN = SPI 2 MISO
3 P2 CAN2 TX = TM1 CH1N = SPI 2 SCLK
4 P3 CAN2 RX - SP12 58
" 5 P4 TIM2 CH3 = 12C 25CL - UART 3TX
& P5 TIM2 CH4 - |12C 2 SDA - UART3 RX
7 P8 TIM2 CH1 - DAC - ADC
8 33 3.3V Rail (250 mA Supply MAX).
J2 Pin Configuration
1 RST Reset (Connect fo GND to reset).
2 BOOT Boot 0 (Connect to 3.3V for DFU mode).
3 SYN Frame synchronization pin (Use to frame sync cams).
4 P9 Servod - TIM4 CH3
i 5 P8 Servo2 - TIM4 CH2 - 12C4 SDA
6 P7 Servol = TIM4 CH1 = 12C4 SCL
7 VIN VIN (3.6V = 3V).
B GND GND Rail
J3 Pin Configuration
1 SWC Serial wire debug clock.
2 SWD Serial wire debug data.
J3 3 RST Reset (active low).
4 33V 3.3V rail (500 mA Supply MAX)
5 GND GND rail

Bang 2-1: Chirc nang cac chan Module OpenMV Cam H7.

2.3.3 Dong co bom nwoc DC Sv:

Pong co bom chim Mini Water Pump 5VDC ¢6 kich thudc rat nhé gon, sir dung

dién ap 3~5VDC, vi thuoc dang bom chim nén dong co c¢6 kha nang chéng nudc va hoat

dong khi ngadm chim trong nudc, tng dung dé bom nude, dung dich trong cac thiét ké

nhd, mod hinh tudi cay, ho ca...

Théng sb ki thuit:
Dién &p str dung: 3~5VDC.

Dong dién su dung: 100~200mA.
Luu lugng bom: 1.2~1.6L / 1 phat.

Puong kinh ngoai dng dan: 7.5mm
Kich thudc: 34 x 43 mm
Trong lugng: 289

Sinh vién thuc hién: Hujfnp Vian Si
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Hinh 2-17: Dong Co Bom Chim Mini Water Pump 5VDC.
2.3.4 Module 1 Relay 5VDC:

Module 1 Relay ¢c6 mdt relay hoat dong & ¢ dién ap SVDC. Module c6 dién thé
dong ngit toi da: 250V ~ 10A dbi véi dién xoay chiéu, 30V ~ 10A dbi véi dong mot
chiéu. Trén module tich hop san IC cach ly quang gitp cach ly mach diéu khién véi

relay dé dam bdo an toan cho mach di€u khién.

250V 10A (AC)
30V 10A (DC)

Jum chon tin hi¢u mue
thap (0V) hay cao (1V)

Hinh 2-18: Module 1 Relay 5VDC.

Sinh vién thyc hién: Huynh Vén S Gido vién huéng dan: Th.s Phan Ngoc Ky
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Théng s6 ky thuat:
e Dién &p nuoi DC5V
e Relay ti€u thy dong khoang 80mA
e (o dén dong bao ngit Relay
e Chon dugc mirc tin hiéu kich 0 hodc 1 qua jumper.
e Dién thé dong ngit t6i da: AC250V ~ 10A hodc DC30 ~ 10A.

2.3.5 Dong co Servo SGI0.

Pong co Servo SG90 1a mot dong co co kich thude nhd gon co goc quay 1én dén
180°, cach diéu khién giéng nhu cac dong co RC Servo phd bién trén thi truong hién
nay: MG996, MG995,.. Phul hop cho nhiéu tng dung khac nhau: Robot canh tay may,

robot nhén, co cau chuyén hudng, co cau quay goc,...

Hinh 2-19: Hinh dnh Servo SG90 thuc té.
Thong sé K¥ Thuit:

e Khoi lugng: 99

e Kich thuoc: 22.2x11.8.32 mm

e Momen xoan: 1.8kg/cm

e Tdc d6 hoat dong: 60 do trong 0.1 gidy

e Dién &p hoat dong: 4.8V - 5V.

e Nhiét do hoat dong: 0 °C — 55 °C

Phwong Phap Piéu Khién:
e Dong co diéu khién bang xung PWM vai tan so f=50Hz va chu ki T = 20ms.

e DJ rong xung vo1 0.5ms = 0° va 2.5ms = 180°.
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CHUONG 3: XAY DUNG MO HINH PHAT HIEN LUA

3.1 Gidi thiéu mé hinh mang Convolutional neural networks (CNN): [2]

3.1.1 Khai niém vé Convolutional neural networks:

Mang Convolutation neural networks (CNN) hay con goi la mang no — ron tich
chép. Tich chap 12 mot phép toan dugc str dung nhiéu trong cac mé hinh Deep Learning,
tich chap cac dir liéu dau vao nhu ma tran hinh anh, 4m thanh vao céac bo loc dé trich
xuat dic trung cua dit li¢u do.

Tich chap duogc st dung nhiéu nhat 1a tich chap hai chiéu duoc ap dung trén ma
tran dau vao va ma tran bo loc hai chiéu. Phép tich chap ctia mot ma tran X € RW*H1
voi b loc (receptive field) F € RF*F 1a mot ma tran Y € RW2*H2 s trai qua 2 budc:

e Tinh tich chap tai mdt diém: Tai vi tri dau tién trén cung cuia ma tran dau vao ta s&
loc ra mot ma tran con Xg,p, € RTPXF ¢6 kich thude bang véi kich thudc ctia bo loc. Gia

tri y,, trong Gng trén Y la tich chap cta X, voi F dugc tinh nhu sau:

F F
Vi1 = Z z XijYij

i=1 j=1
Trong do x;; la ma tran dau vao, y;; 1a ma trén loc va y,; 1a két qua cua phép tinh trén.

e Tién hanh truot doc theo ma tran theo chiéu tir trai sang phai, tir trén xubng dudi
theo budc nhay(stride) S ta s€ tinh dugc cac gia tri y;; tiép theo. Sau khi qua trinh nay

két thic ta s& thu dugc tron ven ma tran Y.

7 2 3 3 8

4 |5 |3 |8 |4 1 |0 [+ 6

3 3 2 8 4 * 1 0 | -1 —

2 |8 |7 |2 |7 0 [

5 4 4 5 4 7x1+4x1+3x1+
2x0+5x0+3x0+
3x-1+3x-1+2x-1
=6

Hinh 3-1: Tich chdp gitta hai ma trdn.
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3.1.2 Cdu triic co ban ciia mgt mang CNN:
Mang CNN bao gdm nhiéu 16p lién két v6i nhau dé loc va trich xuét dic trung,

mot mang CNN hai chiéu co ban cé cac 16p sau:

224 x224x3 224 x

224 x 64

112 x[112x 128

H6|x 56 x 256
Tx512

T
'-' H%L 1% 1x4096 1x1x1000

5 convolution+ReLU
max pooling
fully connected<+ReLU

| softmax

Hinh 3-2: Cdc lop co ban ciia mét mé hinh CNN.
Trong do: ‘ o 7

e Input: 1a 16p cac dir liéu da qua budc tien xir Iy dé gan nhan va chuyén thanh mot
ma tran, dit liéu c6 thé 1a hinh dnh, am thanh. ..

e Convolution Layer: 1a 16p tich chap véi cac kernel (cO kich thudc nhu 1x1, 2x2,
3x3...) da dugc hoc dé hiéu chinh 14y ra thong tin chinh x4c nhat.

e Relu Layer: 1a ham mot ham phi tuyén dé giit cho dir lidu cia ta ludn tuyén tinh
(khéng am).

e Pooling Layer: Khi anh cua ta c6 kich thudc qua 16n ham nay s€ giup ta giam dugc
kich thu6c ma tran ddu vao ma van giit dugc cac thong tin quan trong. Co6 hai loai
Pooling pho bién 1a Maxpoling 1dy phan tir 16n nhat tir ma tran d6i tuong va Average
Pooling Iy trung binh ma tran ddi tugng.

e Fully-Connected + softmax: Lép tim ra xac xuit cua timg class d6i v6i bai toan
classification

3.2 Cong cu dé xay dung mé hinh:

3.2.1 Google Colab:

Google Colab 1a mot san pham ciia Google Research, Google Colab cho phép cac
nguoi dung chay cac ma chuong trinh Python thong qua trinh duyét. Google Colab cung
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cap cho ngudi dung mot bd GPU va mot bd TPU mién phi, v6i nhitng bd phan cing nay
gitip cho viéc tinh toan vé toan hoc ciia nhitng mé hinh nhu Deep Learning va Machine
Learning tr¢ nén nhanh hon rit nhiéu so v&i viée chi sir dung CPU.

Ngoai ra Google Colab con cai san cho nguoi dung nhitng thu vién thuong dugc
dung nhu OpenCV, Numpy dé xtr I dit liéu va cac thu vién hd trg qua trinh hudn luyén

mo6 hinh hoc may nhu Keras, TensorFlow.

Véi viée két ndi véi Google Drive gitip nguoi dung co thé luu trir va st dung dir
liéu ctia minh trén hé thong ddam may. Va co thé sir dung chwong trinh trén Google Colab

bang bat ctr khi ndo ngudi ding mudn st dung.

python

Hinh 3-3: Google Colab cé thé chay cdc chwong trinh Python.

Vi Google Colab dang hoat dong trén Google Drive nén qua trinh tao mét chuong
trinh Colab rat don gian. Pau tién ta nhap chudt phai chon ting dung khéac va chon

Google Colaboratory.

Q  Tim trong Drive 3 Thu myc méi = ® ® @«
Drivectatéi > DOAM [§) Téitéplén m O
Tai thu myc lén
Tén ra doi fan cudi Kic p
B Google Tai liéu >
B 0oANTN Google Trang tinh > hg ¢ w -
B8 mach_datn.pdf Google Trang trinh bay > I 2022 t6i
B Google Biéumau >
»
B GoogleBanvé
Kl Google My Maps
E Google Sites
- Document Viewer for Google Drive
Ed Google Apps Script
I co  Google Colaboratory I
B Google Jamboard
-+ K&t ndi ing dung khac
N . A N A
Hinh 3-4: Tao mot chuwong trinh trén Google Colab.
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Luc nay chi viéc doi lai tén va thuc thi cac chuong theo ting 0.

QO L Tienxuly.ipynb B Nhanxét A% Chiasé £% o
Tép Chinhsra Xem Chén Thoigianchay Congcu Trorgidp Chinh stra [3n gan day nhdt vao 24 thng 5
+ M& + Vanbén KEtndi ~ # Chinh sira A

Ve B R

Y @Fr'cm google.colab import drive

drive.mount('/content/drive")

Mounted at /content/drive

ROOT_PATH = r"/content/drive/MyDrive/DOANTN-28220438T0752083Z-801/D0ANTN"

[ 1 from posix import listdir
import cv2
import glab
import numpy &s np
from pathlib import Path
import os
import pandas as pd
from matplotlib import pyplot as plt
import sys

sys.path.append(os.path.abspath(ROOT_PATH))

Hinh 3-5: Google Colab chay chwong trinh theo tirng phan.

3.2.2 TensorFlow:

Puoc tao bo1 nhoém Google Brain, TensorFlow 1a mot thu vién ma ngu@)n mé dé
tinh toan s6 va hoc may quy mo 16n. TensorFlow két hop mot loat cac mo hinh va thuat
toan hoc may va hoc sau (hay con goi 13 mang than kinh) va 1am cho chung trd nén hiru
ich bang mot phép an du thong thuong. N6 st dung Python dé cung cip mot API front-
end thuan tién cho viéc xay dung cac ung dung voi framework, déng tho1i thuc thi cac

g dung d6 bang C ++ hiéu suat cao.

Hinh 3-6: TensorFlow

TensorFlow cho phép ban xay dung biéu d6 va cau trac ludng dit liéu dé xac dinh
cach dir lidu di chuyén qua biéu dd bang cach 1y dau vao 1a mot mang da chiéu duogc
goi 12 Tensor. N6 cho phép ban x4y dung mot so d6 cac hoat dong c6 thé duogc thuc hién

trén cac dau vao nay, di & mot dau va dén & dau kia 1a dau ra.
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TensorFlow gom ba phin:
e Tién xu ly xur li¢u
e Xay dung mo hinh
e Dao tao va danh gid mo hinh
TensorFlow c¢6 thé chay trén nhiéu nén tang Windowns, Linux, IOS, Android...
Nhung ta vu tién xay dung mé hinh trén nhitng thiét bi c6 hd trg GPU dé thuén tién cho

viéc tinh toan song song.

3.2.3 Keras:

Keras dugc nhung trong TensorFlow va c6 thé duoc st dung dé thyc hién hoc sau
nhanh chéng vi né cung cip cic mé-dun cd sin cho tit ca cac tinh toan mang no-
ron. Pong thoi, tinh toan lién quan dén tensors, do thi tinh toan, phién, v.v. c6 thé dugc
tiy chinh bang cach sir dung Tensorflow Core API, gitip ban hoan toan linh hoat va
kiém soat img dung ctia minh, déng thdi cho phép ban trién khai y tuong ciia minh trong
thoi gian twong dbi ngan.

Keras thuc su 1a mét high-level APIs cho viéc xay dung va huin luyén cac mo
hinh hoc sau. Keras giup dwa ra cac mé hinh mau mdt cach nhanh chéng, gitup dua ra

cac san pham hoac nghién ctru voi cac thuat toan hién dai.

Keras Estimator API High-level API
Python wrapper (tf.nn) Low-level API
C++ TensorFlow C++ layer

Hinh 3-7: High-level APIs ciia TensorFlow.
Cac lgi ich cua Keras:
e Than thi¢n v6i nguoi dung.
e Duoc chia thanh cdc mo-dun va co thé két hop.
e Dé dang mé rong.
e Danh cho ca nguoi méi bat dau cling nhu cac chuyén gia.
e Thyc hién tot trén cd CPU, GPU.
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e (06 thé tinh toan cung lac trén nhiéu thiét bi.
e Thuc hién duoc trén da nén tang nhu trinh duyét, thiét bi di dong, thiét bi nhung,

e Keras 1a mot hé sinh thai rong 16n véi méi lién hé v6i nhiéu nén tang khac nhau.
3.3 Xay dung mo6 hinh:

3.3.1 Cdc phwong phdp dé nhgn dién liza:

- Phuwong phép Sematic Segmentation: D6i v6i phuong phép nay ta s& tién hanh nhin
dién lura theo tung pixel, két qua cia phuong phap nay s€ 1a mot anh nhi phan va phan
anh trang chinh la vi tri cua ltra.

Hinh 3-8: Phuong phap Segmentation.

- Phwong phap Object Detection: Phuong phap ndy sé& tién hanh phan loai cac dbi
tugng trong anh, trong mot dam chdy thi c6 hai d6i twong can phan loai d6 chinh 1a
khoi va Itra. Va két qua ctia phuong phép nay cac dbi twong sé duge khoanh ving va
danh cac nhan tuong irng nhu 1a Itra hodc khoi.
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Hinh 3-9: Phuong phdp Object Detection.

- Phwong phap Classfication: Ddi véi phuong phap nay ta sé& chia anh ra thanh timg
anh nho, va x4c dinh anh do 1a co6 lra hay khong.
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Nhom tién hanh so sanh ba phuong phap ké trén thi két luan rang ddi véi phuong
phap Segmentation c6 do phirc tap cao nhat nhung ciing mang lai d chinh xac cao nhét
va d¢ phirc tap cua phuong phap Detection s& thip hon phuong phap Segmentation.
Va cuoi cung phuong phap Classfication sé€ c6 do phrc tap thap nhat trong ba phuong
phap ké trén, phuong phap nay phu hop voi cac thiét bi c6 han ché vé phan cung nhu vi
diéu khién STM32, nhom da quyét dinh sir dung phuong phap nay cho dé tai cia nhom.
Dé xdy dung mot mo hinh nhéan dién chay sir dung mang noron tich chap (CNN), nhém
chia cong viéc thanh 5 budc:

Thu thap va tong hop cac dit liéu vé chay.

Hi¢u chinh lai cac thudc tinh cua anh va gan nhan cho anh.

X4y dung va phan tich kién tric mang noron tich chap (CNN).

Huén luyén mo hinh va danh gid mo hinh.

Kiém tra hi€u suat mo6 hinh trén cac anh chay mai.

3.3.2 Xay dwng se dé khéi md hinh nhgn dién liza:

Dé tao dugc mot hinh Al viéc dau tién ta can 1am 1a thu thap dir liéu. Sau qua trinh
thu thap cac anh vé chdy va anh nhi phan phan ving chay(Segmentation), nhom tién
hanh upload céc dit liéu nay 1én Google Drive. Nhom tién hanh tao ba file Google Colab
trong do:

e File dau tién dung dé xir 1y cac dir liéu dau vao.

o File thir hai st dung cac 16p tich chap va cac bd loc dé tao ra mo hinh nhan dién
Itra.

e File cubi cing dé kiém tra md hinh véi cac anh moi.

So @6 khoi tao md hinh nhan dién lira trén Google Colab:

Lién két Google L
Drive véi Google I::) Chia anh thanh céc |::> banh nhin cho timg

Colab dé 14y dit liéu anh nho va phén loai anh d3 phan loai.
Chia dit liéu 1am hai Xay dung céc 16p tich Chuan héa dit liéu
phan cho qué trinh <::| chap dé trich xuét dac <::| céc anh trrde khi
Train va Valdation trung cia anh dua vao mb hinh.

4

i i 18 i v Llﬂl ?Ialf) hl;ﬂha"«"i'\'é Kiém tra hiéu sudt
tién hinh Training. | [— | céc biéudd dé dinh | ot i chcde
= gia hiéu suat. liéu mdi

Hinh 3-11: So d6 khoi mé hinh nhdn dién lira.
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3.3.3 Thu thdp di liéu vé chay:

Céc hinh anh vé chdy thi c6 rat nhiéu & trén Internet, nhung nhom vu tién tim cac
tap dit liéu vé chay c6 thém phan anh di dugc phan doan chay, d6 1a cac anh nhi phan
chi ¢ chay. Céc anh c6 nhiéu ngudn dé thu thap nhu cc bai bio nodi vé chay va tir cac
video c0 chay.

Nhom da thu thap dugce 116 anh chdy c6 mau va 116 anh chay nhi phan tuong ting.

Viéc tim dugc cac anh nay s€ giup viée xur 1y dit liéu dau vao dugc thuén tién hon.

'
.l,

Hinh 3-12: Anh chdy binh thwong va anh chdy nhi phan.

3.3.4 Hiéu chinh lgi cac thugc tinh cia dnh:

Tat ca cac anh trong tap dit liéu vé chay nay dugc 1ay tir nhidu ngudn nén sé& co rat
nhiéu kich thuéc khac nhau, nén viéc dau tién ta can lam 1a tién hanh resize lai tat ca
céc anh vé cing mot kich thude. Do mé hinh cudi cung ta s& chay trén vi diéu khién
STM32 bi han ché han ché vé toc do va bo nhé, nén ta sé resize anh lai kich thudc cang
nho cang t6t nhung néu anh qua nho s& 1am mat nhing chi tiét ciia anh. Qua nhiéu qua
trinh thir nghiém nhém da chon kich thudc t6i uu nhat 1a 120x120 Pixel.

Khi d4 resize anh mau va anh nhi phan ta tién hanh chia mdi anh thanh chin phan,
mdi anh nhé lac nay c6 kich thudc 1a 40x40 Pixel. Ta tién hanh so sanh va dém so pixel
mau tring & anh nhj phéan, néu s pixel nay 16n hon 5% thi ta tién hanh phan loai cho

anh mau tuong tng 14 chay va néu s6 pixel bé hon 5% thi 1a khong chay.
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M fire118.2_1jpg M fire118_1_1jpg M fire118_1.0.jpg M fire118.0_1.jpg

/

M fire118.0_0jpg M fire117.1 2jpg M fire117_1_1.jpg M fire117.0_2jpg

Hinh 3-13: Hinh dnh chdy da cdt va da dwoc phdn logi.

1.
— $_E -

M fire105.0_1.jpg M fire105.0_0.jpg M fire104.2_2jpg M fire104_2_1jpg
M fire104.2_0,jpg M fire104.1_2jpg M fire104_1_0,jpg M fire104_.0_2jpg

Hinh 3-14: Hinh dnh khéng chéy da cat va da dwoc phén logi.

Khi d3 phan loai duoc anh chay va khong chay ta tién hanh luu tit ca tén cta anh
vao mot file CSV dé thuan tién cho viéc danh nhin cho ting anh sau nay. Trong file
CSV gbm ba phan:

e Slice file name: chtra cac tén File.
e C(lass: chtra loai anh 1a chay, khong chay tuong ing véi1 FIRE, NOT_FIRE.
e ClassID: chtra ID cua tung loai anh véoi FIRE 1a “1° va NOT _FIRE 1a “0°.
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sice_file_name class ClasslD
fire003_0_1.jpg NOT_FIRE
fire003_0_0.jpg NOT_FIRE
fire002_0_2.jpg NOT_FIRE
fire002_1_0.jpg NOT_FIRE
fire002_1_2.Jpg NOT_FIRE

fire001_2 1.jpg NOT_FIRE
fire002_0_1.jpg NOT FIRE
fire002_0_0.jpg NOT_FIRE
fire002_2 0.jpg NOT FIRE
fire001_2_2.jpg NOT_FIRE
fire002_2 2.jpg NOT FIRE
fire001_1_0.jpg NOT_FIRE
fire001_2 0.jpg NOT FIRE
fire000_2_2.jpg NOT_FIRE
fire001_0_2.jpg NOT_FIRE

fire000 2 1.jpg NOT_FIRE
Hinh 3-15: File CSV cia cac anh da phdn loai.

Lo T o T e A s N e Y e T e Y e N e Y e N e Y e N e T e A o T o |

Khi di c6 dit liéu dau vao thi ta tién hanh chudn héa dit liéu cta ting anh, voi muc
dich 1a 1am cho céc gia tri cua ting diém anh chi dao dong tir 0 dén 1 dé dé dang quan
ly. Ta tién hanh chuan hoéa cac dir liéu bang cach dung ham “max()” tim ra phan tir 16n
nhat trong ma tran, tién hanh chia cac gié tri tig diém anh cho gid tri 16n nhét nay. Cac
gia tri sau khi chuan héa s& nam trong khoang 0-1, bang cach ndy gia tri sau khi chuan
hoa van dam bao dugc tinh twrong quan cta dit liéu hinh 4nh.

Khi tat ca dit liéu d duge chuan hoa xong, thi ta tién hanh chuyén cac gia tri trong
mot anh thanh dang ma tran bang thu vién ‘numpy’. O hinh 3-11 14 két qua cta qua

chuan hoa dir lidu va chuyén thanh dang ma trén.
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Hinh 3-16: D liéu sau khi dwoc chuan héa.

D¢ thuan tién cho viéc dua dir liéu vao mo hinh dé huan luyén nhom da tién hanh

tao ra mot tap dir liéu g@)m ba file. Trong d¢ file ‘Fire_ X mel.npy’ dé lua cac gia tri cia

anh., file ‘Fire_y mel.npy’ dé luu nhan cua timg anh va cudi cung 1 file “Fire.pickle’

dé luu chi€u cao va chi€u rdng cua anh.

Tép

Fire_X-mel.npy

Fire_y-mel.npy

Fire.pickle

Hinh 3-17: Cdc File chira dit liéu cho qud trinh hudn luyén.

Sinh vién thuc hién: Hu}‘/np Vian Si
Nguyen Xuan

Gido vién huéng dan: Th.s Phan Ngoc Ky

34



Ung dung cong nghé Edge Al thiét ké hé thong ddp lira theo dinh hidng nguon nhiét

3.3.5 Xay dwng cdu tric mang no-ron tich ch@p (CNN):

PAau vao md hinh 14 cac anh c6 kich thude 40x40x3 di duge danh nhan 1a lra va
khong lira & phan trude. Va tap dit liéu s& duoc chia ngiu nhién trong d6 nhém chia cho
viéc hudn luyén (Training) 1a 80% dit liéu va 20% cho viéc danh gia (Validation). Trong
d6 423 hinh anh, nhan dugc chon ngau nhién cho qua trinh Validation va 1693 hinh anh
va nhan cho qué trinh Training.

[ test s (203, 8, 40, 3) X traln shape: (1693, 40, 4, 3)
I test stage: (403, I traln stage: (1693,

Hinh 3-18: S6 luwong hinh anh cho qud trinh Train va Validation.

Ciu tric mé hinh ma nhém bao gom 8 16p chinh:

e Dau tién 1a hai 16p tich chap (Convolution layer) véi 16 bo loc va kich thudc ctia
bo loc kernel size = (3,3).

e Mot 16p Max-Pooling véi kernel size = (2,2) dé giam kich thuéc cua cac 16p di
mot nita va chi giit lai cac trong s cao nhit.

e Hai 16p tich chap (Convolutation layer) véi 32 bd loc.

e Mot 16p Global Max-Pooling dé giit lai cac trong s6 cao nhat ctia mdi 16p.

e Mot 16p dau ra 1a Fully connected layer dé dan phang dir liéu dau ra thanh mot
vector.

e Vasir dung softmax dé phan loai du ra la chay hay khong chay.

Trong qué trinh huan luyén mé hinh, nhém da sir dung Keras Checkpoint dé luu
lai md hinh tét nhat qua trinh hudn luyén. Pay chinh 1a mé hinh c¢6 ham loss thap nhat
trong qué trinh huin luyén. Bén canh d6, dé tranh trudng hop mé hinh roi vao hién tuong
overfitting nhom con st dung mot $b k¥ thuat regularizer dugc li¢t ké nhu sau:

e Batch Normalization [3]
e Spatial Dropout [4]
e L2 Regularizer [5]
Mo hinh sé& str dung thuét toan toi vu Adam [6] dé t6i vu do chinh x4c ctia mo hinh

va giam t6i thiéu loss ciia mé hinh
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Layer {(ilype} Qutput Shape Param #
conv2g (Com20)  (None, 38, 38, 16)  ae8
leaky_re_lu (LeakyRellU) (Mone, 1B, 38, 16) a
batch_normalization (BatchMoe (None, 38, 38, 16) Gd
spatial _dropout?d (SpatialDr (None, 3B, 38, 16) 5]
convad_1 (ConvID) {Hone, 356, 36, 16) 2328
leaky_re_lu_1 (LeakyReLU} {Mone, 36, 36, 1&) a
batch_normalization_1 (Batch {None, 36, 36, 16) Gd
max_pooling2d (MaxPooling2D) (None, 18, 13, 16) 5]
spatial _dropout2d_1 (Spatial {Hone, 1B, 183, 16) -]
conv2d_Z (ConvZD} {MHone, 16, 1&, 131I) 4548
leaky re_lu_2 (LeakyReLU} (Hone, 16, 1&, 3Z) a
batch_normalization_2 (Batch (Mone, 16, 16, 32) 123
spatial _dropoutZd_2 (Spatial (None, 16, 146, 31Z) a
conv2d_3 (ConvID) (Hone, 14, 14, 317) 92448
leaky re_lu_3 [LeakyReLU]} (Hone, 14, 14, 3Z) a
batch_normalization_3 (Batch (Mone, 14, 14, 32) 123
gloBal _max_pooling2d (Global {MNone, 3Z) a
dense (Dense) {Hone, 2} (1]
Non-trainable p;"dll s

Hinh 3-19: Cdu triic ciia mé hinh phdn loai chay.
3.3.6 Hudn luyén va ddinh gida mé hinh:

Nhom huén luyén mé hinh CNN véi gia tri epochs = 500 v6i muyc tiéu nhom dé ra
13 m6 hinh c6 gia Accuracy trén 90% va gia trj loss function cang thp cang tbt.

Sau qué trinh huan luyén trén Google Colab véi mdi epochs ting thi Accuracy ting
va loss giam xudng. Trong d6 ham Accuracy 1 ham dung dé danh gia do chinh xac cua
mé hinh. Két qua cudi cing 13 Accuracy dat 97 % ddi véi qué trinh huan luyén (Traning)
va 94% ddi v6i qua trinh danh gia (Validation) va gia trj loss ¢ murc thap.

Model accuracy
Tain _ A o A AR A
08 — 097 PR ol e\ o Y|
094 L SV e Y
3 1 | [ » o
08 !
. |
(&) ¥
I A
5 o7 A
[¥)
£
06
05
SRR R B R R R R R T R R R A =
Epoch

Hinh 3-20: Két qua Accuracy ciia mé hinh.
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Ham mAt mat (loss functiona) 1a mot ham thé hién su chénh 1éch két qua cia mo
hinh du doan voi két qua thuc té. Bé c6 duge mé hinh c6 do chinh xé4c cao thi gia tri cla
ham nay phai cang nhé. V&1 mo hinh cua nhém thi gia tri Loss Function cta qua trinh
Training la 0.143 va Validation la 0.223.

Model loss

- 0143
0223

Hinh 3-21: Két qua Loss ciia mé hinh.

Trong quéa huin luyén néu c6 két qua accuracy va loss t6t nhét thi chuwong trinh tu
dong luu lai duéi dang file “h5”. Nhom tién hanh v& mot ma tran dé danh gia hiéu suat
ctia mo hinh nhu hinh 3-18. Trong d6 vdi 56 hinh anh khong Itra thi mé hinh doan ding
46 anh la khong ltra va vai 72 anh ¢6 Itra thi mé hinh doan dting 56 hinh 1a c6 Itra.

Model Performance

NOT_FIRE

FIRE

.
& &

& .
Hinh 3-22: Hiéu sudt ciia mé hinh.
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3.3.7 Kiém tramo hinh trén tdp dir ligu mgi:

Nhom tién hanh chuén bi mét tip dit liéu vé chay va khong chay méi tir 53 anh
gbc, nhom tién hanh resize tit ca anh vé kich thude 120x120 pixel va tién hanh cét va
danh nhén cho timg anh. Tap dit liéu méi bao gdm 271 anh c6 ltra va 206 anh khong
lura.

y_probs = model.predict(X_ test)
yhat_probs = np.argmax(y_probs, axis=1)

print(yhat_probs)
print(labels[yhat_probs[e]])
plt.imshow(mel)

[1]
NOT_FIRE
<matplotlib.image.AxesImage at Ox7f249falc490>

Hinh 3-23: Kiém tra hinh dnh khéng liva bang mé hinh.

y_probs = model.predict(X_test)
yhat_probs = np.argmax(y_probs, axis=1)
print(yhat_probs)

print(labels[yhat probs[©]])
plt.imshow(mel)

[e]

FIRE
<matplotlib.image.AxesImage at @x7f249f7987d0o>

Hinh 3-24: Kiém tra hinh dnh c¢é lira bang mé hinh.

Nhom tién hanh kiém tra ngdu nhién cac anh c6 lira va khong lira thi duoc két qua

du doan diing rat cao voi ti 1¢ nhan dién dung khoang 90%.
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CHUONG 4: TRIEN KHAI MO HINH NHAN DIEN LUA LEN VI PIEU
KHIEN STM32

4.1 Phuwong phap nhing mé hinh xuéng STM32:
Nhoém sé trinh bay cach dua mot mo hinh AI xudng thiét bi vi diéu khién cho viéc
nhan dang ltra va cong cu STM32 Cube Al dé chuyén d6i mo hinh AI di huén luyén

trén may tinh xudng vi diéu khién STM32, va thyc thi cong viéc & do.

4.1.1 Co6ng cu STM32 Cube Al:

Sau khi da huan luyén mé hinh nhan dang lira trén may tinh thanh cong, nhom s&
trién khai mo hinh xuéng vi diéu khién STM32. Thong thuong thi cac mo hinh Al s&
dugc chay trén cac sever hay trén mot hé théng may tinh c6 hiéu ning cao. Tuy nhién &
day nhom sir dung cong nghé Edge Al cho phép trién khai nhing mé hinh xudng vi diéu
khién. Mot van dé dit ra 1a tinh chat chiia mot mo hinh Al yéu cau kha 16n vé tai nguyén
bd nhé cling nhu hiéu nang xt 1y phai cao, vi vy viéc trién khai mé hinh trén vi diéu
khién 1a cuc ki kho khan so véi viéc trién khai trén may tinh thong thuong. Chinh vi 18
dé hang STMicroelectronics da dua ra mot cong cu la STM32 Cube Al, cong cu nay
cho phép chung ta co thé trién khai nhung mé hinh AI xuéng vi diéu khién STM32 mét
cach dé dang

Neural Networks on STM32 MCUs
simple, fast, optimized

* |

Cube Al

Lys

Hinh 4-1: Cong cu STM32 Cube Al
STM32CubelDE cung cip cac phan mém dé gitip ngudi dung cé thé tich hop cac
tinh ning méi vao churong trinh cia minh. Trong d6 c6 phan mém vé Al tén 1a X-CUBE-

Al [7], thu vién nay can dua vao chuong trinh dé chay mé hinh AI ctia nhom.
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Dé tai goi thu vién X-CUBE-AI dau tién ta nhin vao ‘Software packs’ chon ‘Select
Components’, & cira s6 Packs chon phién ban X-CUBE-AI va nhan Install nhu hinh 4.2.

E Software Packs Component Selector X
Packs

= % 0 >
[ Packc/Bunde / Component | Status | _Version | Selection | 3
> RoweBots I-CUBE-UNISONRTOS 5041 @ Install

> SEGGER.I-CUBE-emb0OS

> STMicroelectronics X-CUBE-AI

> STMicroelectronics X-CUBE-ALGOBUILD
> STMicroelectronics X-CUBE-ALS

> ST l 1 Z

12009 @ Install

Install

Install
Install

Install

Install
Install
Install
Install
Install

Install

> ST

> STMicroelectranics X-CUBE-BLE1
> STMicroelectronics X-CUBE-BLE2

> STMicroelectronics X-CUBE-DISPLAY
> STMicroalactronics ¥-CLIRF-FFPRMA1

Install

So8a Soeo
<

Install
Install

Install

Hinh 4-2: Tai thu vién X-CUBE-AI.

Tiép theo ta chon version, kich hoat Core va Application.

» SEGGER.-CUBE-embOS 1204 & Install
~ STMicroelectronics. X-CUBE-AI
~ Artificial Intelligence X-CUBE-Al )
Core
~ Device Application
Application
> STMicroelectronics. X-CUBE-ALGOBUILD
» STMicroelectronics X-CUBE-ALS 1011
> ST ics. X-CUBE-AZRTOS-F4 & 100
> 8 t 4 i 00@
> STMicroelectronics ¥ CUBE-AZRTOS HT
> STM tronics. X-CUBE-AZRTOS L4 & 1008
> e 1008
> STMicroelectronics. X-CUBE-AZRTOS- fi=id 100@M
> STMicroelectronics.X CUBE BLE1 221 v
> STMicroelectronics. X CUBE BLE2 3220 v
> STMicroelectranics X-CUBE DISPLAY 2018 v
> STMicroelectronics X-CUBE-EEPRMAT 31E v
Ok Cancel

Hinh 4-3: Chon phién ban va cdu hinh X-CUBE-AI.
4.1.2 Ddnh gid md hinh bang céng cu STM32Cube Al:

Sau khi c6 dugc cong cu ndy nhém di tién hanh tai mo hinh da huan luyén 1én
Cube AI dé danh gia. Két qua ma cong cu STM32 Cube Al dua ra yéu cau tai nguyén
phan cimg t6i thiéu dé chay dugc mé hinh 1a:

e 111.32 KB RAM.
e 65.70 Kb Flash
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Compression: |Mone
Validation inputs: |[Random numbers

Validation outputs: |Mone

Complexity: 6351304 MACC
Flash occupation: 65 70 KIB (2.00 MiB present)
| RAM: 111.32 KiB (512.00 KiB present)|
Achieved compression: -

Analysis status: -

Hinh 4-4: Tai nguyén ma mé hinh Al sé chiém dung.
So sanh v&i board STM32H743ZI phan ctng ciia no 1a:
e 1 MB RAM
e 2 MB Flash
e Tan sb hoat dong t6i da 1a 480Mhz
Véi cac thong so trén thi da dap tmg dugc yéu cau phan cting dé chay mé hinh Al,
cling nhu chay mét sé tac vu khac
Pong thoi thi cong cu nay con gitp chung ta danh gia do phiic tap ctia mo hinh
bang chi s6 MACC = 6.851.904. Vi viéc st dung vi diéu khién STM32H743Z1 ¢6 16i
ARM cortex M7 thi s6 cycles trén IMACC trung binh 13 6 cycles/IMACC véi d6 phirc
tap ctia mo hinh nay ciing véi viéc cau hinh vi diéu khién ¢ tan s6 fclock = 480Mhz thi
thoi gian dé xur 1y tir luc dua dir liéu vao dén luc dua ra két qua l1a:
bt exeaman  ggq,

e Vé&inlasé cycles trén 1 MACC

o fclock 14 tan s6 hoat dong cta vi diéu khién

Vi STM32 c¢6 tai nguyén gidi han va phai chay nhiéu chuong trinh khac ngoai
chuong trinh AI nhu chuong trinh thu thap anh dau vao va diéu khién dong co Servo
SG90. Thoi gian dé chay chwong trinh AI chi mat 0.08s nén s& dap ung duoc toc do
Realtime cua mo hinh.

CAu trac mé hinh sau khi dugc phén tich boi cong cu STM32 Cube.Al thong qua
lénh Analyze va Show Graph d¢ hién thi thong tin dau vao va dau ra cia mdi 16p nhu
hinh 4.3.
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Name: conv2d
Type: Conv2D
Flash: 1792 B
MACC: 1693456

Nonlinearity
ID: 1

Name: leaky_re_lu
Type: Nonlinearity
MACC: 62720

ScaleBias
ID: 2

Name: batch_normalization
Type: ScaleBias
MACC: 125440

Type: Conv2D
Flash: 9280 B
MACC: 8460304

Nonlinearity
D5

Mame: leaky_re_lu_1
Type: Nonlinearity
MACC: 58752

ScaleBias

ID: &
Mame: batch_normalization_1
Type: ScaleBias

Flash: 128 B
MACT: 117504

Mame: max_pooling2d
Type: Pool
MACE: 58752

ID: 9
Mame: conv2d 2
Type: Conv2D
Flash: 18560 B
MACT: 3686432

Nonlinearity
D10

Mame: leaky_re_lu_2
Type: Nonlinearity
MACC: 25600

D; 13
|Name: conv2d_3
]Type’ Conv2D
Flash: 36992 B
MACC: 6359072

Name: leaky_re_lu_3
Type: Noninearty
MACC: 22080

D 15

Name: batch_normalization_3
Type: ScaleBias

Flash: 256 B8

MACC: 44160

D 16

Name: global_max_pooing2d
Type: Pool

MACC: 22080

D:17

|Name: dense |
| Type: Dense |
|Flash: 264 B
|MACC: 66

|

D17

Name: dense_nl
Type: Noninearity
MACC: 30

Ung dung cong nghé Edge Al thiét ké hé thong ddp lira theo dinh hidng nguon nhiét

Hinh 4-5: Cau triic ciia mé hinh dwoc phdn tich bang céng cu STM32 Cube Al.
Khi st dung cong cu STM32CubeAl dé phan tich mo hinh ta cin quan tim dén
thong s6 cua 16p dau vao (Input) va 16p dau ra (Output). Véi mo hinh cta nhdm dau vao

s€ la mot hinh anh c6 kich thudc 1a 40x40x3 va loai dir liéu 1a float.

network
input_0 x
0. 0 id: 0
MName: input_0 Type: input
Type: input MACC: 0
QOutput Tensor d
conv2d _
ID: 0 input_0_output
N- _ 2 Size: 192008
T\,?;ggc[[;ﬂzgd Format: float
: Shape: 40,40, 3
Flash: 1792 B e ': )
MACC: 693136

Hinh 4-6: Kich thudc cua anh diu vao mé hinh.
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Vi dir liéu dau ra 13 mot mang c6 hai phan tir c6 kich thuée 1a 8 byte va & loai dir

lidu 1a float, trong d6 phan tir dau tién s& gi4 trj clia lira va phan tt thtr hai 1a khong lira.
Output = {Fire, Not_fire};

NEtWorks| C Graph | Memory Usage

network

D: 16 dense_nl X

Name: global_max_por id: 17

Type: Pool Type: Nonlinearity

MACC: 22080 MACC: 30
Input Tensor W
dense_ouput

ID: 17 Size: 8B

Name: dense Format: float
Type: Dense Shape (1.1,2)
Flash: 264 B

MACC: 66

Output Tensor N

dense_nl_ouput
Nonlinearity Size: 8B

ID: 17 Format: float

Name: dense_nl Shape: (1.1,2)

Type: Nonlinearit

MACC: 30

Hinh 4-7: Dt liéu ra cua mo hinh.

Khi hoan tat viéc danh gia mé hinh thi cling d6ng nghia véi viéc trién khai mé hinh
thanh cong. Ta tién hanh hoan tt cau hinh cac ngoai vi va tién hanh sinh ra thu vién X-
CUBE-AI dé cho nguoi dung sir dung.

v (& X-CUBE-AI
v (= App
|| app_x-cube-ai.c
[ app_x-cube-aih
[h] network_config.h
[€] network_data.c
[ netwerk_data.h
[g] network.c
[h] network.h
=] network_generate_report.xt
[R] constants_ai.h

Hinh 4-8: Thu vién X-CUBE-AL.

O trong céac thu vién X-CUBE-AI c6 rat nhiéu thu vién gitip ngudi dung trién khai
dugc mo hinh Al ctia minh trén vi diéu khién STM32. Trong d6 ta chii y dén mot ham
‘ai_run’ duoc viét trong thu vién ‘app_x-cube-ai.c’ nhu hinh 4.9. O ham nay c6 hai tham

sO la dir liéu vao ‘data_in’ va dir liéu ra ‘data_out’. Vi dit liu vao ta can xu 1y cho
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dang yéu cau cua mod hinh Al nhu hinh 4.6 va d6i véi dit 1i€u ra ham s€ tra vé xac xuat

co Itra va khong c6 Iua.

|

—int ai_run(void *data_in, void *data_out)
1

ai_i32 batch;

=]

ai_buffer *ai_input = network_info.inputs;
ai buffer *ai output = network_info.outputs;

o W1 Wn Wl wnown
L=l s ]

S

ai_input[@].data = AI_HANDLE_PTR(data_in};
ai_cutput[@].data = AI_HANDLE_PTR{data_out);

batch = ai_network_run(network, ai_input, ai_output);
if (batch != 1) {
ai_log_err(ai_network_get_error(network),
"ai_network_run™);
return —lﬂ

}

return 8;

Hinh 4-9: Ham ai_run.

4.2 Thu thap dir liéu hinh anh trong thuec té:

Dé ldy duoc cac hinh anh tir méi truong bén ngoai nhém di tién hanh st dung
OPENMV Cam H7 dé thu thap dir liéu va gui vé vi diéu khién STM32 dé chay mé hinh
Al. OPENMV c6 mot cong cu di kem la OPENMYV IDE cho nguoi dung 1ap trinh
OPENMYV ciia minh bang ngon ngit MicroPython [8].

Nhom tién hanh 1ap trinh trén OpenMV IDE dé c4u hinh ché do hoat dong cua
camera v&i dinh dang &nh RGB565, kich thudc anh 1a 120x120 pixel. CAu hinh UART
dé giao tiép v6i STM32 & te d6 115200 bit/s.

OFEMNMV_to_STM32.py X Line: 24, Cal: 1 Frame Buffer Record Zoom Disable

RGE Color Space
I h

[¥] 40 30 120 160
Mean 126 Median 140 Mode 148
33 3 LQ 99

Hinh 4-10: Chiwrong trinh truyén hinh dnh cho STM32 trén OPENMYV IDE.
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Dé nhan dit li¢u hinh anh lién tyc tir OPENMV CAM nhom di tién hanh cau hinh
nhan DMA. Qu4 trinh nhan DMA (Direct memory access) dugc stt dung dé nhan dir
li¢u lién tuc tir ngoai vi USART dén bd nhd hodc nguoc lai ma khong can su tac dong
ctia CPU. Viéc nay giup cho CPU dugc ranh rdi va thuc hién cac cong viéc khac cia
chuong trinh nhu xur 1y dit li¢u, chay chuong trinh Al
DMA c¢6 hai ché d§ hoat dong Normal mode va Circular mode:

e Normal mode: Khi ché do nay hoat dong thi dir li¢u s€ dugc DMA truyén dén gioi
han da khai bao trude do va dung lai. Mudn nhan dit liéu lai phai khai bao ham dé nhan
lai, khi nhan lai thi dit liéu s& luu lai tir dau.

e Circular mode: O ché d6 nay thi DMA s¢ truyén hét mot luong dir 1i¢u da cho gioi
han trudc do, khi ¢6 dir liéu maéi no s€ luvu tiép vao dir liéu trudc do va khi bo dém nhan

dir liéu day thi s& quay lai tir dau.

DMA controller \i
o |E
ol o
] E< Memary por
o |¥
« |=
(m ] - e [, =+ (el L] [
dma_sirl o
k e o] wn] oo wo| en| | @
F — LN T I T T T N
=== o (T
dma sirfs i i 0 M [ [ n I n
dma st 19 I I I b I L & [
dma siff of = of o +f wf o ~
2 3 3| 3| 3| 3 3 3
EEEERER
bl w W W W W W B
ok
E E< Perpheral por
4 S —
) dma_hclk
ol AHE slave
ToNVIC =
. - dma_ioif3-7] F"'ﬂ_’":'lraf"""""'"g
To MOMA interace
MEWIST4EV

Hinh 4-11: So d6 khéi DMA ciia STM32H7.

Nhom tién hanh ciu hinh USART3 trén STM32 véi toc d6 baud rate la
115200bit/s, nhan DMA & ché d6 Circular dé nhan dit liéu lién tuc.

Sinh vién thyc hién: Huynh Vén S Gido vién huéng dan: Th.s Phan Ngoc Ky 45
Nguyen Xuan



Ung dung cong nghé Edge Al thiét ké hé thong ddp lira theo dinh hidng nguon nhiét

USART3 Mode and Configuration

™ N

Configuration

Reset Configuration

@ Parameter Settings | @ User Constants | @ NVIC Settings (SEFDIMANSEttnGSS & GFIO Settings

DMIA Request
USART3_RX DMAT Stream 0 Peripheral To Memory Low

KN E3

DMA Request Settings

Peripheral Memory
Mode ICircu\ar VI Increment Address O
Use Fifb [ Theeshald | | Data Width [Byte v | Bye v
Burst Size | | | |

In1 ¥ F ] + O ol [ TH

Hinh 4-12: Céu hinh nhén DMA.
4.3 Tién hanh chay chwong trinh Al trén vi diéu khién STM32:

4.3.1 Xay dung lwu do thugt toan trén STM32:

Khi da Train dugc m6 hinh Al nhan dién lua thanh cong thi nhom tién hanh sir
dung cong cu STM32Cube Al dé chuyén thanh ma C. Str dung cac ham Al va viét thém
cac chuong trinh dé nhan dix liéu hinh anh tir camera va diéu khién céc dong co khéc.
Luwu d6 thuit toan trén vi diéu khién STM32:

[ BAT (1)
\ DAU 1
[ — XUAT RA % CO
T CAMERA ANH
CAT ANHRA9 DIEU KHIEN BC
PHAN " %COLPA> S | PIEUHUONG °
90% | vABOMVE ’
CHUAN HOA DOY lD
L'E-(":JAF:MHE‘B‘I_:‘ATU DIEU KHIEN BC
DPIEU HUONG VA
l BOM VE HFYONG
N LUA
X LY DIF LIEU
BANG Al l
1 @
1)
Hinh 4-13: Luu do thudt todan cua vi diéu khién STM32.
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4.3.2 X ly di# ligu va phwong phdp dé xdc dinh vi tri nguon nhiét trén STM32:

Hinh &nh sau khi duogc thu thap bﬁng OpenMV Cam H7 s€ c6 dang mOt ma tran

kich thudc 120x120 pixel, ta tién hanh luu ma trin nay vao mot mang 2 chiéu va sau d6

chia cac gia tri ctia ma trn nay thanh 9 phan tvong Gng véi 9 anh nho.

uintd t i, j;

/oimg 1
for(i = 8; i<4@; i++){
for(j = @; jcse; j+){
) buf1[1][j] = buf[1][1];

¥
transfer(bufl, bfl);

/f img 2
for{i = 8; i<4@; i++)q{
for(j = 48; j<88; j++){
buf2[i][j-48] = buf[i][§];
¥
}
transfer(buf2, bf2);
/oimg 3
for(i = @; i<48; i++){
for(j = 8@; j<i128; j++){
bufs[i][3-80] = buf[1][§];

}
transfer(buf3, bf3);

wvoid HAL_UART_RxCpltCallback(UART_HandleTypeDef *huart){

/f img 4
for(i = 48; i<ge; i++)q{
for(j = @; j<4@; j++){

bufa[i-48][§] = buf[i][]];

}
}
transfer{buf4, bfa);
/f img 5

for(i = 4@; i<de; i++){
for(j = 4@; j<Ba; j++){

bufs[i-48][j-42] = buf[i][];

}
3
transfer{bufs, bfs);
/i img 6

for(i = 40; 1<B0; i++){
for(j = 8@; j<12@8; j++){

bufe[i-4@8][j-8@] = buf[i][j]s

}

}
transfer(bufe, bfe);

/7 img 7
for(i = 80; i<120; i++){
for(j = @; j<do; j++){
buf7[i-80][§] = buf[i][§];
}

}
transfer(buf7, bf7);

ff img 8
for(i = 8@; i<l28; i++){
for(j = 4@; j<ge; j++){

}

l
transfer(bufs, bfs);

/foimg 9
for(i = 8@; i<12@; i++){
for(j = 8@; j<l2@; j++){

¥
}
transfer(bufa, bfa);

bufs[i-80][j-48] = buf[i][j1;

bufa[i-8@][j-80] = buf[i][{];

Hinh 4-14: Chwrong trinh cat dnh thanh 9 phan.

Khi d3 co dit liéu ta tién hanh chuan hoa cac gia tri cua dir liéu lai twong tu nhu

muc (3.3.2) da trinh bay, cac gia tri nhan duoc sau khi da chudn hoa nam trong khoang

0 t6i 1 dé dua vao mod hinh AL

Expression Type
v (= bufD float [19008]
w [ [0..99]
(=)= bufD[0] float
()= bufD[1] float
()= bufD[2] float
()= bufD[3] float
()= bufD[4] float
()= bufD[5] float
()= bufD[E] float
()= bufD[7] float
(=)= bufD[8] float
()= bufD[9] float
(=)= bufD[10] float
()= bufD[11] float
()= bufD[12] float
()= bufD[13] float
(= bufD[14] float
(=)= bufD[13] float
()= bufD[16] float
(=)= bufD[17] float
()= bufD[18] float
(=)= bufD[19] float

Value

[19008]
[19008]
0.03125
0.0625
0
0.03125
0.0625
0
0.0625
0.0625
0
0.09375
0.078125
0.03125
0.09375
0.09375
0.03125
0.125
0.109375
0.03125
0.125
0.09375

Hinh 4-15: Di liéu di dwoc chudan héa theo yéu cau dau vao.

Sinh vién thuc hién: Hujfnp Vian Si
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Phwong phap dé xac dinh vi tri ngudn nhiét

Khi str dung cong cu STM32Cube Al dé chuyén d6i mé hinh thanh ma C, thi cong
cu nay sinh ra cac thu vién Al phuc vu cho qué trinh nhan dang hinh anh ¢ vi diéu khién.
O day ta quan tim ham ‘ai_run(input, output)’ trong d6 v6i tham sb “input’ 1a mot dir
liéu ctia mot hinh anh da dugc chuan hoa. Va tham s ‘output’ gdm mang co hai gié tri

chtra x4c xuat 1a ltra va khong Itra, tong cua hai gia tri nay s€ bang 1.

(1) (2) (3)
40x40  40x40 | 40x40

4) (9) (6)
DATA FRAME 120X120 :> 40040 40x40  60XEO

(7) (8) (9)
40x40 40x40 40x40

Hinh 4-16: Anh dau vao va cdc anh nhé sau khi cdt.

Tir mot anh dau vao c6 kich thuéc 120x120 pixel ta tién hanh chia anh nay thanh
9 anh nhé mdi anh co kich thudc 40x40 pixel, ta tién hanh dua lan luot 9 anh vao ham
Al mdi anh ltc nay twong tng véi mot vi tri, ham Al sé tra vé phan trim xéac xuét co lira
hay khong co6 Itra ctia ting anh, khi ham tra vé gid tri & output[0] > 90% thi anh d6 c6
ltra va luu vi tri d6 lai vao bién “poss”, va nguoc lai. Bién “poss” nay s€ duogc gan vi tri
thong qua anh tir 1 dén 9 va ciing phai théa man diéu kién ham Al tra vé output[0] >
90%, néu ham Al tra vé output[0] < 90% thi chiing ta gan n6 bang 0. Vi du, khi ta dua
anh thir 2 vao ham Al néu ham Al tra vé két qua output[0] > 90% thi ta gan bién poss =
2 twong duong voi vi tri 13 s6 2, va néu output[0] < 90% thi gan bién poss = 0. Khi chling

ta c6 cac vi tri chung ta tién hanh di€u khién dong co diéu hudng dén vi tri twong ing

v [ output float32 t[2] [2]
(= output](] float32 t 0.123348002
(4= output(1] float32 t 0.874651968
o Add new expression

Hinh 4-17: Xem xdc xudt ciia mét hinh anh qua Debug.
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4.4 Thicong hé théng:
Nhom tién hanh v& mot bang mach bang Altium, so d6 nguyén 1y ctia mach bao

gom vi diéu khién STM32 va cac chan dé diéu cac dong co nhu Servo, Bom.

3 5 X " AT/ ,6 =
KHOI VI PIEU KHIEN KHOINGUON
- —— X
ﬁ AL
Neme Sorvo
1 (It o
. (N Vil
:'.".-:-:t. X P:‘.’I'-—I; | A (ND2
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EXT e, NI 3¢ (N2 1D
VBAT =2, (N TF PA L > e
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o ‘.‘Tu“q_h. o | h."_.'.—-:"'-_A@"\ ].‘v.,%" i -
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NIl X (NI 6 ex T P AL "ﬁ'\ 4 ’
B I oo fa T O ] = S
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N FES [y 43 ONI2 3 PES (lhe 4
o~ " [ i 0 It
() 81 on TR 2 PEID [ty
I-ép Pl o :;: . R T PE x o 3
S TS 1 by, o et T F12 gy, s 6 It g > o y
e A e . L L 3 KHOI DIEU KHIEN SERVO
Dy B P e, P PE f
Cn T Kl e MET g e PRy RN - -
onp T A e IR N T I (11 5§ ; I
l‘;"-q’ N PR~ on TR PR PFY N 3 D i LD
0 ] 10 e S P4 L) L
e L 1K) feEm, e TR oL — —
"\‘:‘-@- K12 PUL e, ;‘ "‘:‘,3 PRI 30 4*\,.‘
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wi TR M 10 rmy 5 MY hen oy B
R AL PHI fexne (R S 2 —
e\ oni ] oo M k=
B T N " (a1 25 3P
M '™
W — s
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Hinh 4-18: So d6 nguyén Iy ciia mach.

Trong d6 khdi vi diéu khién gdm vi diéu khién STM32H7 ¢6 cac chan ndi véi cac
cac khoi khac dé diéu khién va giao tiép.
- Khéi nguén dé cép nguén cho cac dong co nhu bom, servo, laser.
- Khéi UART dé giao tiép v6i OpenMV CAM H7 dé nhén anh tir camera.
- Khdi Servo gom hai Servo dung dé diéu khién dong co diéu huéng dén vi tri dang
cé chay.
- Khéi diéu khién bom dung dé bom nuéc dap lira.
- Khéi Laser dung dé chiéu dén vi tri dang c6 chay.
Khi da hoan thanh so d6 nguyén 1y ta tién hanh bé tri linh kién c6 trén mach. Nhoém

tién hanh di day va pha déng cho mach.
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jﬂDﬂOODDOOODOOOH 20000000
000000000000000 00000000

jOOQOODOQOODOQOODD 00002000000
A 030000000000000000 ODOOD000000 :I

DQODQDQOClOClQODODQODOD‘)GQODQOL(DQOQOE
00000000000000000000000000 anau-joa

Hinh 4-19: So d6 mach in.

Hinh 4-20: So do b6 tri linh kién

45 Kétqua:

Sau khi hoan tat cac chuong trinh diéu khién thi nhém tién hanh nap chwong trinh
xubng vi diéu khién STM32. Tién hanh d4u ndi cac phan cimg khac nhu dong co bom
nuée, dong co diéu hudng bao gdm hai Servo, va module laser dé chiéu dén vj tri dang
cé chay.
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d Adaaaas sl ibEL gD

Hinh 4-21: Mat trueée mo hinh.

Hinh 4-22: Mit trén mo hinh.

Nguyén ly hoat dgng ciia mo6 hinh:

Khi ta dwa mot ngon lira vao trudc camera, thi camera chuyén hinh anh nay xudng
vi diéu khién STM32H7 dang chay chuong trinh Al sir Iy anh. Liic ndy STM32H7 tién
hanh phan tich vi tri ¢ Itra va diéu khién dong co diéu hudng dén vi tri c6 lira, kich hoat
may bom nudc dé dap lira. Néu hét Itra thi dong co quay vé vi tri mic dinh va khi phét
hién c6 Itra lai thi dong co tiép tuc xac dinh vi tri va dap lira.
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Chay mé hinh trong thuc té: o . . )
Khi da hoan thién cdc phan vé phan ciing va phan mém nhém tién hanh chay

chuong trinh trong thyc t&. Nhom thiét ké mot bang bao gdm chin dé twong tmg véi chin
vi tri khi nhom dua mot ngué)n nhiét vao vi tri sb bay thi hé théng s& tién phan tich vi
cua lira 1a dang & vi tri s6 bay, tién hanh diéu hudng voi xit téi vi tri c6 ltra chiéu dén

laser t6i vi tri dang c6 lira va khai dong dong co bom phun nuéc dé dap lira.

Hinh 4-23: Khi m6 hinh phdt hién lira ¢ vi tri sé bay.
Nhom tién hanh di chuyén vi tri ngon lira sang vi tri s6 nam thi mé hinh lac nay sé&
phét hién ltra dang & vi tri khac, vi diéu khién s& tién hanh diéu khién dong co diéu

hudng sang vi tri s0 nam chi€u dén laser va bat may bom dé dap ltra.
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Khi nhom tit ltra thi mo hinh s& phat hién ra khong vi tri nao dang c6 chay, mo

hinh diéu khién dong co di€éu hudng veé vi tri mac dinh va tat dong co bom va dén laser.
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KET LUAN

bé tai da dat duoc muc tiéu ma nhom da dé ra ban dau.

Véi mo hinh phat hién va chita chay theo ngudn nhiét nay sé& gitip ta chita chay
som tranh Itra lan rong gay thiét hai to 1on vé ctia cai va tinh mang con ngudi. M6 hinh
duoc trién khai trén vi diéu khién STM32 gitip ta giam dwogc rat nhiéu chi phi so véi viée
trién khai trén mdy tinh hodc siéu may tinh. Vi viéc mé hinh c6 chi phi ré hon sé& thuan
tién cho viéc nhan rong san pham.

Hudng phat trién cﬁawdé tai: . i )

D¢ mo hinh c6 thé chay nhanh hon ta c6 st dung mot vi dieu khién STM32 thé hé
ma6i c6 Dual core. N6 s€ gitip md hinh ¢6 kha nang da nhi¢ém, lic nay STM32 s€ dung
mot core dé thu thap dit liéu va mot core dé chay mo hinh Al, viéc nay s€ giip md hinh
chay nhanh hon dap ting duoc thoi gian thyc.

Dé mo hinh c6 thé chay vo1 do chinh xac cao hon hoat dong 6n dinh & nhiéu moi
truong khac nhau thi ta c6 thé thu thap dit liéu nhiéu hon phong pht hon nhiéu méi
truong hon, tir d6 dua vao huén luyén mo6 hinh huén luyén Al thi m6 hinh s€ nhan dang
mot cach chinh xéac va 6n dinh hon.

C6 thé sir dung nhiéu dong co diéu hudéng va dong co bom dé khi trong truong hop

néu cd nhiéu hon mgt dom Itra thi hé thong c6 thé xac dinh va dap nhi€u vi tri lira.
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PHU LUC

Code cho vi diéu khién STM32:

/* USER CODE BEGIN Header */

/**

k,kkhkkkhkhkkhkhkkkhkkkhkkhhkkhhkkhkkhkkikkhhkkhhkhkkhkkhkhkkhkhkkhhkhhkkkihkkhhkkhhkhhkkhkhkkhhkkhhkhkikkhkkhkkihkkihiiikk

*kkhkkkikkkkk

* @file : main.c
* @brief : Main program body

KEAEAAKAKAAAAAAKAAAAAARAKAAAAAXRAAAAAAAARAAAAAAAAAAAI AR AAAddhkhdhhhhhhhhhdhiiidxkx
*khkkkkkkikkikk

* @attention

*

* <h2><center>&copy; Copyright (c) 2022 STMicroelectronics.

* All rights reserved.</center></h2>

*

* This software component is licensed by ST under BSD 3-Clause license,

* the "License"; You may not use this file except in compliance with the

* License. You may obtain a copy of the License at:

* opensource.org/licenses/BSD-3-Clause
*

FhhkhkhkkhkhkAhkhkhkhkkhkhkhkhkhkhkkhkhdrixhrhkhkkhkrhkirhkhkhkkhhdhkhhkkhihirhhkhkhkhihhhkhkkhkhhhkhkhkhkkikihikhiikiik
*kkkkkikkkik
*/
/* USER CODE END Header */
/* Includes - */
#include "main.h"
#include "app_x-cube-ai.h"

[* Private inCludes ---------=--==m oo oo */
/* USER CODE BEGIN Includes */

/[#include "arm_math.h"

[* USER CODE END Includes */

I* Private typedef -----------—-—-- - */
/* USER CODE BEGIN PTD */

/* USER CODE END PTD */

I* Private defing ----------mmmmmmm e */
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/* USER CODE BEGIN PD */
#define dai 120

#define rong 120

#define dail 40

#define rongl 40

#define tong dail*rongl*3

/* USER CODE END PD */

[* Private MacCro =--=-====s=semmmeeeeome e e */
[* USER CODE BEGIN PM */

/* USER CODE END PM */

/* Private variables ----------=cmmemmme oo */
CRC_HandleTypeDef hcrc;

TIM_HandleTypeDef htim3;

UART _HandleTypeDef huart3;
DMA _HandleTypeDef hdma_usart3_rx;

/* USER CODE BEGIN PV */

// buf > mang tong

// bufl...9 > 9 cai anh

/I bf1...9 > 9 cai anh chuyén v@? 0 -> 1

uint16_t buf[dai][rong] = {0};

uintl6_t bufl[dail][rongl] = {0};
uintl6_t buf2[dail][rongl] = {0};
uintl6_t buf3[dail][rongl] = {0};
uintl6_t buf4[dail][rongl] = {0};
uintl6_t buf5[dail][rongl] = {0};
uintl6_t buf6[dail][rongl] = {0};
uintl6_t buf7[dail][rongl] = {0};
uintl6_t buf8[dail][rongl] = {0};
uintl6_t buf9[dail][rongl] = {0};

//buf d3 chuyén d6i 0->1 // **
float bf1[tong] = {0};
float bf2[tong] = {0};
float bf3[tong] = {0};
float bf4[tong] = {0};
float bf5[tong] = {0};
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float bf6[tong] = {0};
float bf7[tong] = {0};
float bf8[tong] = {0};
float bf9[tong] = {0};

float cl1[2] = {0};
float cl2[2] = {0};
float cI3[2] = {0};
float cl4[2] = {0};
float cl5[2] = {0};
float cl6[2] = {0};
float cl7[2] = {0};
float cl8[2] = {0};
float cl9[2] = {0};
int8_t deml =0;
int8_tdem2 =0;
/luint8 tdem3 =1;
/luint8_tdem4 =1;
/* USER CODE END PV */

/* Private function prototypes ----------=-====mmmmmmm oo */
void SystemClock_Config(void);

static void MX_GPIO_Init(void);

static void MX_DMA_Init(void);

static void MX_USART3 _UART _Init(void);

static void MX_CRC_Init(void);

static void MX_TIM3_Init(void);

/* USER CODE BEGIN PFP */

void transfer(uintl6_t buff[dail][rongl], float bfld[tong]);

uint8_t findMax2(float cl1[2], float cl2[2], float clI3[3], float cl4[2], float clI5[2], float
cl6[2], float cl7[2], float cI8[2], float cl9[2]);

void conServo(uint8_t pos);

/* USER CODE END PFP */

I* Private user code ---=-=-==s=s=smemmmmmm oo */

/* USER CODE BEGIN 0 */

void HAL_UART_RxCpltCallback(UART_HandleTypeDef *huart){
uint8_ti, j;

//img 1
for(i = 0; i1<40; i++){
for(j = 0; j<40; j++){
buf1[i][i] = buf[i][i];
}
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}
transfer(bufl, bfl);

/[ img 2
for(i = 0; i<40; i++){
for(j = 40; j<80; j++){
buf2[i][j-40] = buf[i][j];
}
}

transfer(buf2, bf2);

//img 3
for(i = 0; i<40; i++){
for(j = 80; j<120; j++){
buf3[i][j-80] = buf[i][j];
}
b

transfer(buf3, bf3);

/limg 4
for(i = 40; i<80; i++){
for(j = 0; j<40; j++){
buf4[i-40][j] = buf[i][j];
}
¥

transfer(buf4, bf4);

//img 5
for(i = 40; i<80; i++){
for(j = 40; j<80; j++){
buf5[i-40][j-40] = buf[i][j];
}
}

transfer(buf5, bfb);

/[ img 6
for(i = 40; i<80; i++){
for(j = 80; j<120; j++){
buf6[i-40][j-80] = buf[i][j];
}

¥

transfer(buf6, bf6);
/img 7

for(i = 80; i<120; i++){

Sinh vién thyc hién: Huynh Vén S Gido vién huéng dan: Th.s Phan Ngoc Ky
Nguyen Xuan



Ung dung cong nghé Edge Al thiét ké hé thong ddp lira theo dinh hidng nguon nhiét

for(j = 0; j<40; j++){
buf7[i-80][j] = buf[i][j];
}
}

transfer(buf7, bf7);

//img 8
for(i = 80; i<120; i++){
for(j = 40; j<80; j++){
buf8[i-80][j-40] = buf[i][j];
}
¥

transfer(buf8, bf8);

//img 9
for(i = 80; 1<120; i++){
for(j = 80; j<120; j++){
buf9[i-80][j-80] = buf[i][j];
}
b

transfer(buf9, bf9);

}
/* USER CODE END 0 */

/**

* @brief The application entry point.
* @retval int
*/
int main(void)
{
/* USER CODE BEGIN 1 */

[* USER CODE END 1 */

I* Enable 1-Cache----=--=e-mmemmemme e eeeeeee */
SCB_EnablelCache();

I* Enable D-Cach@--=-==-==snmmnmmeameeme e e */
SCB_EnableDCache();

[* MCU Configuration---------=-======m-mmmm oo */

I* Reset of all peripherals, Initializes the Flash interface and the Systick. */
HAL _Init();
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[* USER CODE BEGIN Init */
[* USER CODE END Init */

/* Configure the system clock */
SystemClock_Config();

/* USER CODE BEGIN Syslnit */
/* USER CODE END SyslInit */

/* Initialize all configured peripherals */

MX_GPIO_Init();

MX_DMA_Init();

MX_USART3_UART _Init();

MX_CRC_Init();

MX_TIM3_Init();

MX_X_CUBE_AI_Init();

/* USER CODE BEGIN 2 */

HAL_UART_Receive_DMA(&huart3, (uint8_t *)buf, (dai*rong)*2);

HAL_TIM_PWM_Start(&htim3, TIM_CHANNEL _1);

HAL_TIM_PWM_Start(&htim3, TIM_CHANNEL _2);
/I HAL_GPIO_WritePin(GPIOB, GPIO_PIN_5, SET);

/* USER CODE END 2 */

/* Infinite loop */
/* USER CODE BEGIN WHILE */
while (1)
{
ai_run(bfl, cll);
ai_run(bf2, cl2);
ai_run(bf3, cl3);
ai_run(bf4, cl4);
ai_run(bf5, cl5);
ai_run(bf6, cl6);
ai_run(bf7, cl7);
ai_run(bfg, cl8);
ai_run(bf9, cl9);
conServo(findMax2(cl1, cl2, cl3, cl4, cl5, cl6, cl7, cl8, cl9));
/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */

}
/* USER CODE END 3 */

}
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/**

* @brief System Clock Configuration
* @retval None
*/
void SystemClock_Config(void)
{
RCC_OsclnitTypeDef RCC_OsclnitStruct = {0};
RCC_CIkInitTypeDef RCC_ClkInitStruct = {0};

/** Supply configuration update enable

*/
HAL_PWREx_ConfigSupply(PWR_LDO_SUPPLY);
/** Configure the main internal regulator output voltage
*/

__HAL_PWR_VOLTAGESCALING_CONFIG(PWR_REGULATOR_VOLTAGE_S
CALEO);

while(! _HAL_PWR_GET_FLAG(PWR_FLAG_VOSRDY)) {}

/** Initializes the RCC Oscillators according to the specified parameters
* in the RCC_OsclnitTypeDef structure.

*/

RCC_OsclnitStruct.OscillatorType = RCC_OSCILLATORTYPE_HSI;
RCC_OsclnitStruct.HSIState = RCC_HSI_DIV1;
RCC_OsclnitStruct.HSICalibrationValue = RCC_HSICALIBRATION_DEFAULT;
RCC_OsclnitStruct.PLL.PLLState = RCC_PLL_ON;
RCC_OsclnitStruct.PLL.PLLSource = RCC_PLLSOURCE_HSI;
RCC_OsclnitStruct.PLL.PLLM = 4;

RCC_OsclnitStruct.PLL.PLLN = 60;

RCC_OsclInitStruct.PLL.PLLP = 2;

RCC_OsclInitStruct.PLL.PLLQ = 2;

RCC_OsclnitStruct.PLL.PLLR = 2;

RCC_OsclInitStruct.PLL.PLLRGE = RCC_PLL1VCIRANGE_3;
RCC_OsclInitStruct.PLL.PLLVCOSEL = RCC_PLL1VCOWIDE;
RCC_OsclnitStruct.PLL.PLLFRACN = 0;

if (HAL_RCC_OscConfig(&RCC_OsclnitStruct) '= HAL_OK)

{
Error_Handler();

}
/** Initializes the CPU, AHB and APB buses clocks
*/
RCC_ClIkInitStruct.ClockType =
RCC_CLOCKTYPE_HCLK|RCC_CLOCKTYPE_SYSCLK
|IRCC_CLOCKTYPE_PCLK1|RCC_CLOCKTYPE_PCLK2
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|RCC_CLOCKTYPE_D3PCLK1RCC_CLOCKTYPE_D1PCLK1;

RCC_CIKkInitStruct.SYSCLKSource = RCC_SYSCLKSOURCE_PLLCLK;
RCC_CIKInitStruct.SYSCLKDivider = RCC_SYSCLK_DIV1,

RCC_CIKInitStruct. AHBCLKDivider = RCC_HCLK_DIV?2,;

RCC_CIklInitStruct. APB3CLKDivider = RCC_APB3_DIV?2,;

RCC_CIKInitStruct. APB1CLKDivider = RCC_APB1_DIV2;

RCC_CIKInitStruct. APB2CLKDivider = RCC_APB2_DIV2;

RCC_CIklInitStruct. APBACLKDivider = RCC_APB4_DIV?2,;

if (HAL_RCC_ClockConfig(&RCC_ClkInitStruct, FLASH _LATENCY 4) I=

HAL_OK)

{
Error_Handler();
}

}

/**

* @brief CRC Initialization Function
* @param None
* @retval None
*/
static void MX_CRC_Init(void)
{

/* USER CODE BEGIN CRC_Init 0 */
/* USER CODE END CRC_Init 0 */
[* USER CODE BEGIN CRC_Init 1 */

/* USER CODE END CRC _Init 1 */

hcre.Instance = CRC;

hcrc.Init.DefaultPolynomialUse = DEFAULT_POLYNOMIAL _ENABLE;

hcre.Init.DefaultinitValueUse = DEFAULT _INIT_VALUE_ENABLE;

hcre.Init.InputDatalnversionMode = CRC_INPUTDATA_INVERSION_NONE;

hcrc.Init.OutputDatalnversionMode =
CRC_OUTPUTDATA_INVERSION_DISABLE;

hcrc.InputDataFormat = CRC_INPUTDATA_FORMAT _BYTES;

if (HAL_CRC_Init(&hcrc) 1= HAL_OK)

{

Error_Handler();

¥
[* USER CODE BEGIN CRC_Init 2 */

[* USER CODE END CRC_Init 2 */
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}

/**

* @brief TIM3 Initialization Function
* @param None
* @retval None
*/
static void MX_TIM3_Init(void)
{

[* USER CODE BEGIN TIM3_Init 0 */
[* USER CODE END TIM3_Init 0 */

TIM_ClockConfigTypeDef sClockSourceConfig = {0};
TIM_MasterConfigTypeDef sMasterConfig = {0};
TIM_OC_InitTypeDef sConfigOC = {0};

/* USER CODE BEGIN TIM3_Init 1 */

/* USER CODE END TIM3_Init 1 */
htim3.Instance = TIMS3;
htim3.Init.Prescaler = 4799;
htim3.Init.CounterMode = TIM_COUNTERMODE_UP;
htim3.Init.Period = 999;
htim3.Init.ClockDivision = TIM_CLOCKDIVISION_DIV1;
htim3.Init. AutoReloadPreload = TIM_AUTORELOAD PRELOAD_ DISABLE;
if (HAL_TIM_Base_Init(&htim3) = HAL_OK)
{
Error_Handler();
¥
sClockSourceConfig.ClockSource = TIM_CLOCKSOURCE_INTERNAL,;
if (HAL_TIM_ConfigClockSource(&htim3, &sClockSourceConfig) = HAL_OK)

{
Error_Handler();

¥

if (HAL_TIM_PWM_Init(&htim3) '= HAL_OK)

{

Error_Handler();

by

sMasterConfig.MasterOutputTrigger = TIM_TRGO_RESET;

sMasterConfig.MasterSlaveMode = TIM_MASTERSLAVEMODE_DISABLE;

if (HAL_TIMEx_ MasterConfigSynchronization(&htim3, &sMasterConfig) !=
HAL_OK)
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{
Error_Handler();

b

sConfigOC.OCMode = TIM_OCMODE_PWM1;
sConfigOC.Pulse = 0;

sConfigOC.OCPolarity = TIM_OCPOLARITY_HIGH,;
sConfigOC.OCFastMode = TIM_OCFAST_DISABLE;

if (HAL_TIM_PWM_ConfigChannel(&htim3, &sConfigOC, TIM_CHANNEL_1) I=

HAL_OK)

{
Error_Handler();

¥

if (HAL_TIM_PWM_ConfigChannel(&htim3, &sConfigOC, TIM_CHANNEL_2) I=

HAL_OK)
{
Error_Handler();

}
/* USER CODE BEGIN TIM3_lInit 2 */

/* USER CODE END TIM3_Init 2 */
HAL_TIM_MspPostInit(&htim3);

/**

* @brief USART3 Initialization Function
* @param None

* @retval None

*/

static void MX_USART3_UART _Init(void)

[* USER CODE BEGIN USART3_Init 0 */
[* USER CODE END USART3_Init 0 */
[* USER CODE BEGIN USART3_Init 1 */

/* USER CODE END USART3 Init 1 */
huart3.Instance = USARTS3;

huart3.Init.BaudRate = 115200;

huart3.Init. WordLength = UART_WORDLENGTH_8B;
huart3.Init.StopBits = UART_STOPBITS 1,
huart3.Init.Parity = UART_PARITY_NONE;
huart3.Init.Mode = UART_MODE_TX_RX;
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huart3.Init. HwFlowCtl = UART_HWCONTROL_NONE;

huart3.Init.OverSampling = UART_OVERSAMPLING_16;

huart3.Init.OneBitSampling = UART_ONE_BIT_SAMPLE_DISABLE;

huart3.Init.ClockPrescaler = UART_PRESCALER_DIV1;

huart3.AdvancedInit. AdvFeaturelnit = UART_ADVFEATURE_NO_INIT;

if (HAL_UART _Init(&huart3) '= HAL_OK)

{

Error_Handler();

¥

if (HAL_UARTEX_SetTxFifoThreshold(&huart3,
UART_TXFIFO_THRESHOLD_1_8) '= HAL_OK)

{
Error_Handler();

¥
if (HAL_UARTEX_SetRxFifoThreshold(&huart3,
UART_RXFIFO_THRESHOLD_1 8) = HAL_OK)

{
Error_Handler();

¥
if (HAL_UARTEXx_DisableFifoMode(&huart3) '= HAL_OK)

{
Error_Handler();

¥
[* USER CODE BEGIN USART3_Init 2 */

[* USER CODE END USART3_Init 2 */

}
/**
* Enable DMA controller clock
*/
static void MX_DMA _Init(void)
{

/* DMA controller clock enable */
__HAL_RCC_DMA1 CLK_ENABLE();

/* DMA interrupt init */

[* DMA1_Stream0O_IRQn interrupt configuration */
HAL_NVIC_SetPriority(DMAL1_Stream0_IRQn, 0, 0);
HAL_NVIC_EnablelIRQ(DMAL_Stream0_IRQn);
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/**

* @brief GPIO Initialization Function
* @param None
* @retval None
*/
static void MX_GPIO_Init(void)

{
GPIO_InitTypeDef GPIO _InitStruct = {0};

/* GPI10O Ports Clock Enable */

__HAL_RCC_GPIOH_CLK _ENABLE();
__ HAL RCC_GPIOA CLK_ENABLE();
__HAL_RCC_GPIOC _CLK_ENABLE();
__HAL_RCC_GPIOD_CLK _ENABLE();
__ HAL RCC_GPIOB_CLK_ENABLE();

/*Configure GPIO pin Output Level */
HAL_GPIO_WritePin(GPIOC, GPIO_PIN_5, GPIO_PIN_RESET);

/*Configure GPIO pin Output Level */
HAL_GPIO_WritePin(GPIOB, GPIO_PIN_5, GPIO_PIN_RESET);

[*Configure GPIO pin : PC5 */

GPIO_InitStruct.Pin = GPIO_PIN_5;
GPIO_InitStruct.Mode = GPIO_MODE_OUTPUT _PP;
GPIO_InitStruct.Pull = GPIO_NOPULL;
GPIO_InitStruct.Speed = GPIO_SPEED_FREQ_LOW;
HAL_GPIO_Init(GPIOC, &GPIQO_InitStruct);

[*Configure GPIO pin : PB5 */

GPIO_InitStruct.Pin = GPIO_PIN_5;
GPIO_InitStruct.Mode = GPIO_MODE_OUTPUT _PP;
GPIO_InitStruct.Pull = GPIO_NOPULL;
GPIO_InitStruct.Speed = GPIO_SPEED _FREQ_LOW;
HAL_GPIO_Init(GPIOB, &GPIQO_InitStruct);

¥

/* USER CODE BEGIN 4 */

void transfer(uint16_t buff[dail][rongl], float bfld[tong]){
uintle t1=0;
uint8_ti, j;

for(i = 0; i<dail; i++){
for(j = 0; j<rongl; j++){
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bfid[I++] = (buff[i][j] >> 11) / 32.0f; /IR
bfid[l++] = ((buff[i][j] >> 5) & 0x3f) / 64.0f: /IG
bfid[I++] = (buff[i][j] & OX1f) / 32.0f: // B
}
}
}

uint8_t findMax2(float cl1[2], float cl2[2], float clI3[3], float cl4[2], float clI5[2], float
cl6[2], float cl7[2], float cI8[2], float cl9[2]){
uint8_ti;
float max = 0.0f;
if((cl1[0] > cl1[1]) | (cI2[0] > cI2[1]) | (cI3[0] > clI3[1]) | (cl4[0] > cl4[1]) | (cI5[0]
> cI5[1]) | (c16[0] > clI6[1]) | (cI7[0] > cI7[1]) | (cI8[0] > cI8[1]) | (cI9[0] > cI9[1])){
if(cl1[0] > max){

max = cl1[0];
I=1;

}if(cl2[0] > max){
max = cl2[0];
1=2;

Hf(clI3[0] > max){
max = cl3[0];
I=3;

}if(cl4[0] > max){
max = cl4[0];
i =4;

}if(cI5[0] > max){
max = cl5[0];
i =5;

}if(cl6[0] > max){
max = cl6[0];
| =6;

}if(cl7[0] > max){
max = cl7[0];
1=7;

}if(cl8[0] > max){
max = cl8[0];
I =8;

}if(cl9[0] > max){
max = cl9[0];
1=9;

Yoo

return I,

}
else{
return O;
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}
}

void conServo(uint8_t pos){
switch(pos){
case 1:
__HAL TIM_SET_COMPARE(&htim3, TIM_CHANNEL 1, 69);
/l HAL _Delay(200);
__HAL _TIM_SET_COMPARE(&htim3, TIM_CHANNEL 2, 96);
Il HAL_GPIO_WritePin(GPIOC, GPIO_PIN_5, SET);
HAL_GPIO_WritePin(GPIOB, GPIO_PIN_5, SET);
break;
case 2:
__HAL _TIM_SET_COMPARE(&htim3, TIM_CHANNEL 1, 69);
Il HAL_Delay(200);
__HAL _TIM_SET_COMPARE(&htim3, TIM_CHANNEL 2, 87);
Il HAL_GPIO_WritePin(GPIOC, GPIO_PIN_5, SET);
HAL_GPIO_WritePin(GPIOB, GPIO_PIN_5, SET);
break;
case 3:
__HAL _TIM_SET_COMPARE(&htim3, TIM_CHANNEL 1, 69);
Il HAL_Delay(200);
__ HAL _TIM_SET_COMPARE(&htim3, TIM_CHANNEL 2, 78);
Il HAL_GPIO_WritePin(GPIOC, GPIO_PIN_5, SET);
HAL_GPIO_WritePin(GPIOB, GPIO_PIN_5, SET);
break;
case 4.
__HAL_TIM_SET_COMPARE(&htim3, TIM_CHANNEL _1, 78);
Il HAL_Delay(200);
__ HAL _TIM_SET_COMPARE(&htim3, TIM_CHANNEL 2, 96);
Il HAL_GPIO_WritePin(GPIOC, GPIO_PIN_5, SET);
HAL_GPIO_WritePin(GPIOB, GPIO_PIN_5, SET);
break;
case 5:
__HAL_TIM_SET_COMPARE(&htim3, TIM_CHANNEL _1, 78);
Il HAL_Delay(200);
__HAL _TIM_SET_COMPARE(&htim3, TIM_CHANNEL 2, 87);
Il HAL_GPIO_WritePin(GPIOC, GPIO_PIN_5, SET);
HAL_GPIO_WritePin(GPIOB, GPIO_PIN_5, SET);
break;
Il
case 6:
__HAL TIM_SET_COMPARE(&htim3, TIM_CHANNEL 1, 78);
/l HAL_Delay(200);
__HAL _TIM_SET_COMPARE(&htim3, TIM_CHANNEL _2, 78);
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Il HAL_GPIO_WritePin(GPIOC, GPIO_PIN_5, SET);
HAL_GPIO_WritePin(GPIOB, GPIO_PIN_5, SET);
break;
case 7:
__HAL _TIM_SET_COMPARE(&htim3, TIM_CHANNEL 1, 87);
Il HAL_Delay(200);
__HAL TIM_SET_COMPARE(&htim3, TIM_CHANNEL 2, 96);
Il HAL_GPIO_WritePin(GPIOC, GPIO_PIN_5, SET);
HAL_GPIO_WritePin(GPIOB, GPIO_PIN_5, SET);
break;
case 8:
__ HAL _TIM_SET_COMPARE(&htim3, TIM_CHANNEL 1, 87);
/l HAL_Delay(200);
__HAL _TIM_SET_COMPARE(&htim3, TIM_CHANNEL 2, 87);
Il HAL_GPIO_WritePin(GPIOC, GPIO_PIN_5, SET);
HAL_GPIO_WritePin(GPIOB, GPIO_PIN_5, SET);
break;
case 9:
__ HAL _TIM_SET_COMPARE(&htim3, TIM_CHANNEL 1, 87);
/l HAL_Delay(200);
__HAL _TIM_SET_COMPARE(&htim3, TIM_CHANNEL 2, 78);
Il HAL_GPIO_WritePin(GPIOC, GPIO_PIN_5, SET);
HAL_GPIO_WritePin(GPIOB, GPIO_PIN_5, SET);
break;
case O:
__ HAL _TIM_SET_COMPARE(&htim3, TIM_CHANNEL 1, 65);
Il HAL_Delay(200);
__HAL_TIM_SET_COMPARE(&htim3, TIM_CHANNEL_2, 87);
Il HAL_GPIO_WritePin(GPIOC, GPIO_PIN_5, RESET);
HAL_GPIO_WritePin(GPIOB, GPIO_PIN_5, RESET);
break;
}
}
/* USER CODE END 4 */

/**

* @brief This function is executed in case of error occurrence.
* @retval None
*/
void Error_Handler(void)
{
/* USER CODE BEGIN Error_Handler_Debug */
/* User can add his own implementation to report the HAL error return state */
__disable_irqg();
while (1)
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{
¥
/* USER CODE END Error_Handler_Debug */
}
#ifdef USE_FULL_ASSERT
/**
* @brief Reports the name of the source file and the source line number
* where the assert_param error has occurred.

* @param file: pointer to the source file name
* @param line: assert_param error line source number
* @retval None
*/
void assert_failed(uint8_t *file, uint32_t line)
{
/* USER CODE BEGIN 6 */
/* User can add his own implementation to report the file name and line number,
ex: printf("Wrong parameters value: file %s on line %d\r\n", file, line) */
/* USER CODE END 6 */

¥
#endif /* USE_FULL_ASSERT */

[rrsxssR ks (C) COPYRIGHT STMicroelectronics *****END OF
FILE***%/

Code chwong trinh OpenMYV giii anh sang STM32H7:
import sensor, image, time

import pyb

import utime

uart = pyb.UART (3, 115200, timeout_char = 1000)

sensor.reset()
sensor.set_pixformat(sensor.RGB565)
sensor.set_framesize(sensor.QQVGA)
sensor.set_windowing(120,120)
sensor.skip_frames(time = 2000)

while(True):
img = sensor.snapshot()
data = bytearray(img)
uart.write(data)
utime.sleep_ms(2000)
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