_ DAL HQC PA NANG
TRUONG PAI HOC BACH KHOA
KHOA DPIEN

PO AN TOT NGHIEP
CAPSTONE PROJECT

NGANH: KY THUAT PIEU KHIEN VA TU PONG HOA

DE TAI:

NGHIEN CUU VA THIET KE BO PIEU KHIEN

THICH NGHI DUA TREN LOGIC MO CHO XE
TU HANH

Giang vién huéng dan: TS. TRAN THI MINH DUNG

Can bo huéng dan: ONG LUU PUC HOA

Sinh vién thuc hién:
1. NGUYEN DOAN QUANG - MSSV: 105200341 — LOP: 20TDH2
2. PAO NGUYEN DPAN — MSSV: 105200326 — LOP: 20TDH2

Da Niing, 06/2025




TOM TAT

Tén dé tai: NGHIEN CUU VA THIET KE BO PIEU KHIEN THICH NGHI DUA
TREN LOGIC MO CHO XE TU HANH

Sinh vién thuc hién:
NGUYEN DOAN QUANG ~ MSSV: 105200341 — LOP: 20TDH2
DPAO NGUYEN bAN ~ MSSV: 105200326 — LOP: 20TDH2

Pé tai nhom nghién ctru tap trung vao viée thiét ké va phat trién bo diéu khién thich nghi
két hop véi logic md cho hé thong xe ty hanh. Phuong phap diéu khién thich nghi cho
phép hé théng tu diéu chinh tham s trong qua trinh hoat dong khi ¢ su thay doi tir moi
truong. Logic mo khai thac kha ning suy luin xap xi va mé ta mdi quan hé dau vao —
dau ra bang cac luat IF-THEN, dong vai tro xt 1y cac thong tin khong chinh x4c, mo hd
von rat pho bién trong cac hé thong thuc té. Viéc két hop 2 phuong phap nay gitp ta xy
dung dugc mot bd diéu khién vira linh hoat cling nhu c6 kha nang chinh dinh giup hé
théng dam bao duoc tinh 6n dinh, nang cao do chinh xac, kha nang tu dong hoa — gidm
sai 1éch khi c6 nhiéu, phan tmg chinh xac trudc su thay d6i cia moi truong. Pay 1a diéu
can thiét ma dé tai nhém nghién ciru mudn huéng dén nham dap Gmg duogc yéu cau cia

cac hé thong xe tu hanh trong cong nghiép.



DATHOC DA NANG CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONG DAI HOC BACH KHOA Doc 1ap - Tu do - Hanh phuc
KHOA PIEN

NHIEM VU PO AN TOT NGHIEP

TT | Ho tén sinh vién S thé SV Lép Nganh
. K¥ thuat Piéu khién va Ty
1 | Nguyén Doan Quang | 105200341 | 20TDH2 A ]
dong hoa
‘ o K¥ thuat Diéu khién va Ty
2 Dao Nguyén Dan 105200326 | 20TDH2 ) ]
dong hoa

1. Tén dé tai dé an:

Phén tich hé thong diéu khién theo cong nghé théi LDPE tai Cong ty Co phan BMP
GROUP

2. Dé tai thude dién: OC6 ky két théa thudn so hitu tri tué doi voi két qua thyc hién
3. Cdc s6 liéu va dir liéu ban dau:

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

a. Phan chung:

TT Ho tén sinh vién Noi dung

Nguyén Doin Quang | Tim hiéu chung vé AGV Robot, cac phuong phap diéu
2 | Pao Nguyén Pan khién va bo diéu khién Fuzzy - PID
b. Phan riéng:

TT Ho tén sinh vién Noi dung

- Thiét ké bo diéu khién PID cho timg co s

- Tong hop bd didu khién Fuzzy — PID cho toan bd
AGV Robot

- M6 phong hé thong trén Matlab — Simulink

- Thi cong mo hinh (dau ndi phan cting, 1ap trinh)

1 | Nguyén Dodn Quang

- Nghién ctru mé hinh dong hoc, dong luc hoc cua
AGYV Robot

2 Pao Nguyén Pan | - M6 hinh hoa hé thong

- Tinh chon thiét b

- Thi céng mé hinh (dau ndi, 1ap trinh)

5. Cdc ban vé, do thi

i



a. Phan chung:

TT Ho tén sinh vién

Noi dung

b. Phan riéng:

TT Ho tén sinh vién

Noi dung

Nguyén Doan Quang

Ban vé luu dd thuat toan

2 bao Nguyén Dan

Ban v€ so d6 cong nghé

6. Ho tén nguoi hiedng dan:

Phan/ Néi dung:

TS. Tran Thi Minh Dung

Dinh hudng thiét ké bo diéu khién Fuzzy
-PID

Ong Luu Btc Hoa

Téng quan cua bo diéu khién thich nghi

7. Ngay giao nhiém vu dé én:

8. Ngay hoan thanh dé dan:

Truéng Bo mon Ty dong hoa

TS. Giap Quang Huy

16/2/2025
16/6/2025

Pa Nang, ngay 16 thang 6 nam 2025

Giang vién huéng din

TS. Tran Thi Minh Dung

il




_DATHOC DA NANG CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONG DATHOC BACH KHOA Doc 1ap - Tu do - Hanh phic
KHOA PIEN

PHIEU KIEM SOAT TIEN PQ LAM PO AN TOT NGHIEP

(Phiéu danh cho ngudi huéng dan/sinh vién)

Ho tén sinh vién: Nguyén Doan Quang S6 thé SV: 105200341
Ho tén sinh vién: Dao Nguyén Dan S6 thé SV: 105200326
Tén dé tai PATN: Nghién ctru va thiét ké bo diéu khién thich nghi dua trén Logic mo

cho xe tu hanh
Ho tén nguoi HD: TS. Tran Thi Minh Dung Don vi: Khoa Dién, Truong Pai hoc Bach Khoa

Ho tén nguoi HD: Luu Bic Hoa Don vi: Cong ty Hoa Phat An
N . Khbi lwgng GVHD
Tuan| Ngay = A o Y A o ,4n
da thuc hién (%) tiép tuc thwe hién (%) ky tén
1
2
3
Duyét lan 1: Panh gia khdi luong hoan thanh % :
4 Puoc tiép tuc lam DPATN 1 Khong tiép tuc thuc hién BPATN [J
5
6
7
Duyét lan 2: Panh gia khdi luong hoan thanh % :
8 Puoc tiép tuc lam DPATN T Khong tiép tuc thuc hién DPATN [
9
10
11
Duyét 1an 3: Danh gia khoi lugng hoan thanh % :
12 Puogc tiép tuc lam PATN [0 Khong tiép tuc thuc hién DPATN [J
13

v



LOINOI PAU VA CAM ON

Trong xu thé phat trién manh mé cua cudc cach mang cong nghiép 4.0, tng dung
hé thong diéu khién tu dong va robot thong minh vao hoat dong san xuat va van
chuyén ndi bo trong doanh nghiép ngay cang tré nén thiét yéu. Dic biét, cac hé
théng van hanh linh hoat nhu robot tu hanh AGVdang dugc quan tdm va phat
trién rong rai nho kha nang toi vu hoa ning suét, giam thiéu sirc lao dong thii cong
va tang tdc do an toan trong mdi truong san xuét.

Xuét phat tir thue tién do, db an tot nghiép voi dé tai “Nghién ctru va thiét ké bo
diéu khién thich nghi dya trén logic m¢ cho xe tu hanh” duoc thuc hién nham
muc tiéu xay dung mo hinh diéu khién hai cap: sir dung Fuzzy-PID d¢ diéu khién
tdc do tong thé va PID dé diéu khién d6 chinh xac cua dong co. Noi dung so dd
tap trung vao cac budc chinh nhu: khao sat mo hinh dong hoc — dong luc hoc xe
Mecanum, nhan dang hé théng tur dit li€éu mo phong, thiét ké — so sanh céc b diéu
khién va tién trinh mo phong kiém tra tinh 6n dinh ctia hé théng trong cac diéu
kién tai khac nhau.

Pé thuc hién dugc do an tot nghiép nay, nhoém chiing em xin gui 161 cdm on chan

thanh dén:

e C6 Tran Thi Minh Dung — Giang vién Khoa Pién — Truong Pai hoc Bach
Khoa — Pai hoc ba Nﬁng, nguoi da tan dung tinh hudng dan, hd trg chuyén
mon va dong gop ¥ kién xuyén sudt qua trinh thyc hién dé tai.



LOI CAM POAN LIEM CHINH HQC THUAT

Nhém chung em xin cam doan moi ndi dung, ban v&, hinh anh va biéu dd trong
béo cdo déu duoc xdy dung dua trén qua trinh khao sat, mé phong, thiét ké va phan tich
thue té cia nhom, khong sao chép tir bat ky bao cdo nao khac.

Trong qua trinh thyuc hién dé tai, nhém em ludn tudn tha cac quy dinh vé dao dirc
hoc thuat, dam bao tinh trung thuc trong viéc trich dan tai liéu tham khéao ciling nhu
khong vi pham ban quyén d6i véi bat ky san pham tri tué nao.

Nhém em xin cam két hoan toan trach nhiém trude Khoa, Nha truong va cac bén
lién quan néu phat hién ra hanh vi vi gian hoc thuat, lam gia s6 liéu, hodc sir dung trai

phép n6i dung tir cac ngudn khong duoc phép.

Sinh vién thuc hién Sinh vién thuc hién

Dao Nguyén Dan Nguyén Dodn Quang

vi
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DANH SACH CAC KY HIEU, CHU VIET TAT

KY HIEU:
Vi tri cua robot tai toa d§ (x,y) va 0 1a goc dinh hudng ( goc
x,y,0 e e ia :
1a goc gitra hé truc X va Xjp)
YGr Hé quy chiéu quan tinh, (x, y) 1a hé toa do Dé cac gan voi
chuyén dong cua than xe
S,P.E Hé toa do gén v6i banh xe thir i tai tim diém P cua banh xe
0.P La co sé quan tinh cua xe trong hé quy chiéu xe va
i P= {X " YP_} tai tAm truc quay cua banh xe
ﬁf Vector chi khoang cach gifra tAm xe va tdm cua banh xe thir
L1, [ 12 mot nira khoang cach gifra hai banh trude va [, 1a mot
ntra khoang céach gitta banh trude va banh sau
| :
: Khoang céch gitra banh xe va tdm cua xe
I Ban kinh cta banh xe tht i (hay khoang cach gilta truc quay
cua banh xe va tam cua con lan)
I 1 , 2 &A1y
’ Ban kinh cua con ldn gan trén banh xe
I £ .
oL Khoang céch tir con lan dén truc banh xe i
a; Goc gitta OP, truc X, cta hé toa do xe

=

Goc gitra S, va X,

Vi Goc gitra V;, va Ei
a)z A LA ; A o1 ,
Van toc goc tuyén tinh cta xe
vx 2 vy A A A ’ ,
Van toc tuyén tinh cia xe
T
[vsi VEi a)l]

Vian tdc tong quat cta diém B trong hé truc toa do X ROYR

Vian tdc tong quat cta diém B trong hé truc toa do S,-P,-El-

Van tdc cta con lan thu dong trong banh xe 1

xii




V., Van tdc dai ciia banh xe i
) Van d6 goc cua banh xe i
X ROYR H¢ truc toa d xoay quanh than xe
Sl, PE, H¢ truc toa d xoay quanh banh xe
CHU VIET TAT:

AGV: Automated Guided Vehicle
PID: Proportional-Integral-Derivative

FIS: Fuzzy Inference System
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NGHIEN CUU VA THIET KE BO PIEU KHIEN THICH NGHI DUA TREN LOGIC MO CHO XE TU HANH

MO DAU

1. Muc dich thue hi¢n dé tai

Muc dich chinh ctia dé tai & nghién ciru va thiét ké mot bo diéu khién thich nghi sir
dung logic mo két hop véi diéu khién PID nham cai thién kha nang 6n dinh van tc cia
xe tu hanh trong cac diéu kién thay d6i vé tai trong va mdi truong lam viée. Qua do, xay
dung duoc nén tang diéu khién c6 kha ning thich nghi, pht hop véi yéu cau thuc tién
trong cong nghiép hién dai, noi cac hé thong van chuyén can tinh linh hoat va 6n dinh
cao.

2. Muc tiéu dé tai

- Thiét ké mé hinh xe tu hanh diéu khién doc 1ap bang 4 dong co riéng biét.
- Phan tich va xay dung mo hinh dong hoc, dong luc hoc ctua hé¢ théng.

- Thiét ké bo diéu khién thich nghi diéu khién dya trén logic mo

- Trién khai mé hinh thuc nghi¢m thu nhd c6 tich hop cam bién, hién thi va diéu khién

tir xa, giup kiém ching nguyén 1y diéu khién.
3. Pham vi va d6i twong nghién ciru

- Péi tuong nghién cuu: HE théng xe tu hanh véi diéu khién dong co doc 1ap va bo diéu
khién logic md — PID.

- Pham vi nghién ctru:
+ Tap trung vao diéu khién véan tdc va phan tng ctia hé thong khi c¢6 thay doi tai trong.

+ Mo hinh thyc nghiém st dung cac linh kién mé phong thu nhé so voi ban thiét ké 1y
thuyét ban dau, phu hop véi quy mé dd an.

4. Phwong phap nghién ctru

- Phuong phap thu thap tai li¢u: Téng hop tir cac tai liéu khoa hoc, gido trinh, bai bao,

va tmg dung cong nghiép lién quan dén diéu khién thich nghi va banh xe Mecanum.

- Phén tich — mo6 hinh héa: Dya trén nguyén ly dong hoc, dong luc hoc dé xay dung mo
hinh toan hoc cua hé thong.

Sinh vién thuc hién: Nguyén Doin Quang Giang vién huéng dan: TS. Tran Thi Minh Dung 1
bao Nguyén Pan



NGHIEN CUU VA THIET KE BO PIEU KHIEN THICH NGHI DUA TREN LOGIC MO CHO XE TU HANH

- Mb phoéng: Thyc hién trén MATLAB/Simulink dé kiém tra va so sanh hiéu qua giita
bd diéu khién PID va Fuzzy-PID.

- Thuc nghiém: Trién khai mé hinh thu nho bang Arduino, cam bién, dong co thyc té,
do luong va hién thi thong sé dé kiém nghiém tinh kha thi cia moé hinh diéu khién da
thiét ké.

5. Y nghia khoa hoc va thye tién

- Y nghia khoa hoc: Cung cdp mdt giai phap hién dai cho bai toan diéu khién dong co,
ddng thoi dong gop vao sy phat trién cia cac hé thong diéu khién thong minh. Phat trién
cac thuat toan diéu khién thich nghi c6 thé mo rong ap dung cho cac hé thdng phuc tap
hon. Qua d6 goép phan lam rd va mé rong cac ndi dung nghién ciru trong linh vuc diéu

khién thong minh cho hé théng phi tuyén, cu thé 1a:

+ Xay dung va hoan thi¢én mo6 hinh diéu khién cho xe tu hanh bdn banh st dung diéu
khién thich nghi két hop véi logic md — mdt hudng tiép can hién dai, phu hop véi dic
tinh thay d6i va phi tuyén cua hé thong robot di dong.

+ Két hop 1y thuyét diéu khién thich nghi va hé mo dé tao ra mot bo diéu khién co kha
nang tu diéu chinh thong minh, déng vai trd nhu maot 16p suy luan logic giup hé thong

thich (mg véi sai s6 va nhiéu dong trong qua trinh di chuyén.

+ Gop phan khang dinh tinh kha thi va hiéu qua cta phuwong phap diéu khién lai (hybrid
control) trong céc bai toan thyuc té, dac biét 1a diéu khién 6n dinh téc d6 va bam quy dao
cho xe tu hanh.

+ Tao nén tang cho cac nghién ctru tiép theo trong linh vuc diéu khién théng minh, diéu

khién hoc may (machine learning-based control) va robot tw dong.

-Y nghia thuc tién: Giup t61 vu hoa hiéu suat van hanh ctia cac hé théng st dung dong
co. Pap mg nhu cau on dinh toc d6 dong co trong nhiéu tng dung thuc tién, tir cong

nghiép, giao thong dén thiét bi gia dung.

+ Tang d6 6n dinh va do chinh xac khi diéu khién xe ty hanh trong cic mdi trudng co
dic tinh thay d6i nhu dia hinh khong bang phang, tai trong bién d6i, nhiéu cam bién
hoic diéu kién khong 1y tuong.

+ Gop phan nang cao kha ning ty chu va thong minh hoa cho cac thiét bi robot di dong,
phuc vu trong nhiéu linh vyc nhu: van chuyén trong nha may (AGV), xe tu hanh ngoai
tro1, robot nong nghiép, xe dich vu do thi, ...
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+ Mo hinh diéu khién dugec mé phong trong méi truong MATLAB/Simulink cé thé trién
khai nhanh trén nén tang phan cing thyc té, phi hop véi xu huéng phat trién hé thong
nhung thong minh trong cong nghiép 4.0.

+ La tai liéu tham khéao va trng dung hitu ich cho cac k¥ su, sinh vién, nha nghién ctu

trong linh vyc tu dong hoa, diéu khién va robot hoc.

6. Cau tric ciia dd an tét nghiép

CHUONG 1 TONG QUAN DE TAI

CHUONG 2 NGHIEN CUU VA THIET KE AGV ROBOT

CHUONG 3 MO HINH HOA VA THIET KE BO PIEU KHIEN FUZZY - PID

CHUONG 4 THI CONG MO HINH
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Chuong 1: TONG QUAN DE TAI

1.1 Tong quan vé AGV Robot

- Trong thoi dai phat trién khong ngimg cua cong nghé, AGV Robot ndi 1én v6i nhitng
kha nang hién dai ty dong di chuyén va thyc hién nhiéu nhiém vu ciing mét lac nhu van
chuyén hang hoa, nguyén vat liéu, san pham... ma khong can qua nhiéu su can thiép
ctia con ngudi. Ching 13 giai phap tu dong hoa van chuyén dang dwoc nhiéu doanh
nghiép ap dung trong san xuat va logistics. Vi kha nang hoat dong chinh xac, lién tuc
va an toan, AGV Robot gitp tdi wu hoa quy trinh ndi bd, giam phu thudc vao nhan cong
va nang cao hiéu qua van hanh. Thiét bi ndy pht hop véi nhiéu mé hinh nha may thong

minh, tir quy mo6 vura dén 16n.

- AGV Robot 1a mét loai phuong tién tu hanh khong ngudi lai, dugc thiét ké dé van
chuyén hang héa trong moéi trudng san xudt hoidc kho van. AGV di chuyén theo tuyén
duong dinh sin bang cac cong nghé diéu hudng nhu vach tir, laser, ma QR hoic diéu
huéng tu nhién. Thiét bi nay hoat dong hoan toan ty dong, gitip giam chi phi lao dong

va tang hiéu qua van hanh trong cac hé thong logistics va san xuat cong nghiép.

Hinh 1. 1 Vi du dién hinh Robot AGV trong céng nghiép

- C4c wu diém va han ché cia AGV Robot:

+ Uu diém:
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e Giam chi phi lao dong: Van hanh tu dong, khong can nguoi diéu khién; Hoat
dong lién tyc 24/7, ting ning suat va giam thoi gian gian doan.

e Ting do an toan: Trang bi cam bién (siéu 4m, hong ngoai, camera, lidar) dé tranh
va cham; Giam nguy co tai nan, cai thién moi truong lam vi¢c; Co thé 1am viéc
trong mdi truong doc hai, nguy hiém.

e Ting do chinh x4c va ning sudt: Loai bo sai sot do con nguoi giy ra; Tich hop
hé théng quan 1y kho giup tdi vu hoéa quy trinh kiém ké, dit hang.

e Tinh mo rong va linh hoat: D& mo réng quy mé bang cach bd sung AGV ma
khong can thay doi ha tang; Thich tng linh hoat v6i thay ddi ctiia nha xudng, day
chuyén; Tuong thich véi cac hé thdng ty dong khac nhu robot, may CNC.

+ Han ché:

e Chi phi dau tu ban dau cao: Pau tu thiét bi va hé théng AGV c¢6 chi phi 16n, gay
kho khan cho doanh nghi¢p nho.

e Khong phu hop voi nhiém vu khong lip lai: Hoat dong hiéu qua nhat véi cac
nhiém vu ldp lai, co tuyén duong ¢ dinh; Han ché trong moi truong thay ddi lién
tuc hodc phuc tap.

e Chi phi bao tri cao: Yéu ciu k§ thuat cao dé bao tri va sira chita; Cong nghé phirc
tap dé bi hu hong, gay ton kém vé thoi gian va chi phi.

e Kha ning thich nghi chua tét véi sy thay d6i cia méi truong 1am viée trong cic

diéu kién cy thé ma AGV gap phai

- Trén thé gid1, cac tap doan 16n nhu Amazon, Alibaba, Siemens, BMW, Tesla da trién
khai rat thanh cong hé théng AGV trong kho bii va nha may. Pon cir, Amazon Robotics
st dung hang chuc ngan robot AGV dé tu dong hoéa toan bd qua trinh van chuyén hang
hoa trong kho, giam thiéu sai st va nang cao ning suit dang ké. Tuong tu, BMW sir
dung AGV trong ddy chuyén lap rap linh kién xe hoi, cho phép hé thong ty dong dua
linh kién dén dung vi tri, dung thdi diém ma khong can sy can thiép cua con nguoi. O
cac quoc gia nhu Nhat Ban, Han Qudc, Trung Qudc, AGV con duge Gmg dung trong

bénh vién, khach san, tham chi trong ndng nghi¢p thong minh.

Sinh vién thuc hién: Nguyén Doin Quang Giang vién huéng dan: TS. Tran Thi Minh Dung 5
bao Nguyén Pan



NGHIEN CUU VA THIET KE BO PIEU KHIEN THICH NGHI DUA TREN LOGIC MO CHO XE TU HANH
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o

Hinh 1.2 AGV Robot van chuyén hang trong kho va bénh vién

- Tai Viét Nam, tuy viéc ung dung AGV chua phé bién rong radi nhu cac nude phat trién,
nhung di bit dau xuét hién trong mot sé nha may quy mé 16n nhu VinFast, Samsung
Viét Nam, THACO, va mot sb kho bai logistics hi¢n dai tai TP. HO Chi Minh va Ha Nai.
Ngoai ra, cac vién nghién ctru, truong dai hoc ciing da budc dau trién khai cac dé tai
nghién ctru vé AGV trong phong thi nghiém va cac mé hinh thir nghiém nho. Tuy nhién,
hau hét cac hé théng AGV hién nay vin con nhap khau, hodc méi chi ding lai & murc
diéu khién co ban, chua t6i wu vé kha ning thich nghi trong diéu kién van hanh thuc té

nhu thay dbi tai trong, bé mit di chuyén hodc méi trudng lam viéc phic tap.

(Dintech [Dintech

Hinh 1. 3 AGV Robot kéo hang ITA — 01 ctua Intech Group

1.2 Cac loai AGV Robot hién nay trén thi truong
- Trong linh vuc cong nghiép hién dai, AGV dugc phan loai dya trén chirc ndng, hinh

thirc di chuyén va phuong phap diéu hudéng. Mot sb loai phd bién bao gdom:

+ AGV kéo hang (Towing AGV): C6 kha ning kéo theo nhiéu xe hang phia sau nhu

doan tau, thuong sir dung trong van chuyén khdi lugng 16n trong nha may, kho xudng.
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Hinh 1. 4 AGV kéo hang (Towing AGV)

+ AGV ché hang (Unit Load AGV): Dung dé van chuyén cac don vi hang hoa, pallet
hoic thung chira. Thudng dugc trang bi hé thong nang dé tu dong liy va dat hang hoa.

Hinh 1. 5 AGV ché hang (Unit Load AGV)

+ AGV dang xe nang (Forklift AGV): Tich hop co ciu nang nhu xe nang truyén thong,

tu dong thuc hi¢n nhiém vy nang — ha hang tir gi4 ké hoac san.

Hinh 1. 6 AGV dang xe nang (Forklift AGV)

Sinh vién thuc hién: Nguyén Doin Quang Giang vién huéng dan: TS. Tran Thi Minh Dung 7
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+ AGV dang robot di dong nho (Small Mobile Robot): Thuong tng dung trong cac kho

hang ty dong, co thé van chuyén vat nhe hoac linh kién nho.

Hinh 1. 7 AGV dang robot di dong nho (Small Mobile Robot)

+ AGV dan duong tir tinh/quang hoc/LiDAR: Phan loai theo cong nghé diéu hudng,

gom:

Dan duong bang vach tir (magnetic tape)
Dan dudng bang ma vach, phan quang (QR, vision)
Dan duodng bang laser, LIDAR (SLAM)

Diéu hudéng dura trén ban do 4o va cam bién (AMR — Autonomous Mobile Robot)

Hinh 1.8 AGYV dinh vi dan dudng

1.3 AGV Robot tiai hang (AGV Robot Unit Load)

- AGV Unit Load 1a mét dang xe tu hanh chuyén dung dé van chuyén tai don vi (unit

load) nhu pallet, khay, hop hodc container trong moi trudng san xuit hodc kho van. Thay

vi kéo hodc chd nhiéu hang héa cing luc, loai AGV nay thuong xir Iy mot don vi tai tai

mot thoi diém, gitp ddm bao dd chinh xac va an toan trong qué trinh van chuyén.

- Uu diém:

+ Tu dong hoa cao, giam nhu cau lao dong thu cong.
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+ Chinh x4c va dang tin cdy, ddc biét khi xtr Iy hang hoa gié tri cao hodc can van chuyén

can than.

+ D@ tich hop v6i hé théng quan 1y kho (WMS) hodc hé thdng san xuat (MES).

+ C6 thé hoat dong 24/7, tang hi¢u sudt van hanh.

- Ung dung:

+ Trong nha may san xuét linh kién dién ttr, && van chuyén khay linh kién giita cic cong
doan.

+ Trong kho ty dong, dé di chuyén pallet tir khu vuc luu trir dén khu vyuce xuét hang.

+ Trong bénh vién, dé van chuyén thudc, dungcuy té hoac vat tu.

1.4 Nhirng thach thire AGV Robot tiai hang (AGV Robot Unit Loading)
- AGV Robot tai hang thuong gdp phai nhirng thach thirc sau:

+ Khi van chuyén hang hoa bang AGV Robot tai hang hoéa d& v& (thuy tinh, do dién tt,

dugc pham trong 1) c6 thé bj dao dong va rung lic
+ Can kiém soat van toc mot cach on dinh lién tuc.

+ Hé s6 ma sat thay doi va anh huong bam dudng cia banh xe: Di chuyén qua nhiéu
loai bé mat (gach, bé tong, nhya...) voi hé s6 ma sat khac nhau gay ra do truot banh
khong dong déu, 1am hé thong khé duy tri quy dao 6n dinh, dan dén rung chan hoic mat
can bang tai, anh hudng dén hang hoa bén trén.

+ Tai trong dat 1én hé thong AGV Robot c6 thé thay doi khi thém hodc bét hang hoa.
1.5 Pé xuat giai phap

- Dua trén cac thach thirc da néu trong muc trude, nhom nghién ctru dé xuat mot giai
phap diéu khién AGV sir dung bo diéu khién két hop giita PID truyén thong va logic mo
(Fuzzy), nham giai quyét cac van dé thuc té vé tai trong thay doi, dia hinh khong dong
déu, kha nang van hanh 6n dinh va hop 1i vé gia ca, 6n dinh toc d6. Viéc két hop giira 2
phuong phéap PID va logic mo (Fuzzy) di tan dung duoc wu diém cia 2 phuwong phap
nay so voi cac bo diéu khién khéc.

- AGV Robot dugc thiét ké sir dung 4 banh xe Mecanum c6 kha ning di chuyén da

huéng, gia ting do linh hoat va chinh xéc, tmg dung hoat dong dé thay doi tai trong.
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Chuong 2: NGHIEN CUU VA THIET KE AGV ROBOT

2.1 Pit van dé

- Trong thuc té van hanh tai cic moi truong san xuét va kho bai hién dai, viéc ung dung
cac hé thong xe ty hanh (AGV) nham ty dong héa qué trinh van chuyén vat liéu dang
ngdy cang phd bién. Diéu nay khong chi gitip giam thiéu sy phu thudc vao lao dong thu
cong ma con gop phan nang cao hiéu suat va tinh nhat quan trong hoat dong logistics.
Tuy nhién, cac yéu td thuc té nhu thay doi tai trong, diéu kién mat san khong déng déu,
hodc cac tinh hudng bat ngo trong van hanh cé thé gay anh huong 16n dén su 6n dinh
va hiéu qua chuyén dong cta hé thong AGV.

- Dic biét, dbi vé6i cac robot st dung banh xe Mecanum — von ¢6 kha nang di chuyén da
hudng — thi viéc diéu khién van tdc than xe trd nén phirc tap hon do phai phéi hgp dong
thoi nhiéu dong co mdt cach chinh xac. Sy thay doi tai trong hodc ma sat banh co thé
dan dén sai 1éch van tdc, anh huong dén do chinh xac trong van hanh va tiém 4n rui ro

d6i voi hang hoa, nhat 13 khi van chuyén céc vat dé v hodc co gia tri cao.
2.2 Giai phap
- Bé giai quyét dugc bai toan diéu khién toc d6 on dinh cho AGV Robot sir dung banh

xe Mecanum, nhom dua ra giai phap nham nang cao kha ning thich nghi va 6n dinh cua
hé théng la mot hé théng g@)m 2 tﬁng diéu khién:

+ Tang diéu khién dau tién 1a mot bo diéu khién md — PID (Fuzzy-PID), ¢6 vai tro 1am
nhiém vu diéu chinh téc d6 toc do xe dua trén céac yéu td nhu sai l1éch toc do. Khac vai
b truyén PID véi hé sb ¢b dinh, bo Fuzzy-PID sir dung hé suy luan mo dé ty dong diéu
chinh céc hé sd Kp, Ki, Kd.

+ Tang diéu khién tht hai 1a cac bo PID riéng biét cho timg dong co, dam bao dam bao
tdc dd goc cua tirng banh xe gop theo toc d6 mong mudn lam tang trén dit ra. Véi xe sir
dung banh Mecanum, mdi banh xe dong goép vao chuyén dong sach tién trinh va quay
tong thé, vi vay viéc diéu khién chinh xac timg banh 14 yéu t6 roi chét dé dam bao dong

chuyén than xe 6n dinh.
- Vi¢e su dung h¢ thong di€u khién hai cap cau tric vira tdn dung tinh chinh x4c cao cua

PID trong bd diéu khién cuc bo, vira két hop kha nang thich nghi va phi tuyén cta logic
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mo trong diéu kién thay doi phire tap. Pay 1a hudng dan tiép can phi hop trong bdi canh
yéu cau cao vé do tin cay va tinh linh hoat trong cac ing dung AGV hién dai, dac biét

khi huéng dén mai trudng cong nghiép cé nhicu yéu té nhidu va khong xac dinh.
2.3 So' d6 cong nghé

Higher - Level Software

Driver Motor \
Communication

LS Loadcell Module
\ >4

// Encoder

Microtroller

500m

Hinh 2. 1 So dd cong nghé cua hé théng

Hé thdng xe tu hanh sir dung 4 banh Mecanum cho phép di chuyén linh hoat theo moi
hudng nho thiét ké banh dic biét. Xe duoc trang bi cac dong co gén truc tiép vao tung
banh, diéu khién thong qua bo vi diéu khién va mach driver. Bo vi diéu khién nhan dix
liéu phan héi tir encoder dé diéu chinh toc do, dong thoi giao tiép v6i phan mém diéu
khién cap cao thong qua mo-dun truyén thong. Hé thong con tich hop loadcell dé do tai
trong va pin 1am ngudn cap chinh. Toan bd thiét ké huéng dén kha nang tu dong hoa va

van hanh chinh xac trong méi truong cong nghiép.
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2.4 Thiét ké kién tric diéu khién hé théng

« 3 )

Diéu khién cép cao |«

M& (FUZZY)
(On dinh)

- 4

Y

-
( s Tin hiéu phan hoi
L Sal léch tée dd thc do
J
A
) Bdng hoc Bdng hoc
} nguoc j ] thuan
Diéu khién cdp tha'pJ 'L Théan xe J
A J

Hinh 2. 2 So d6 vé cau trac diéu khién ctia hé thong
2.3.1 Diéu khién cdp cao
- Trong dé tai nay, diéu khién cip cao c6 nhiém vu thiét 1ap cac gia tri dau vao diéu
khién mong mudn cho xe tu hanh, cu thé 1a luc va van tdc theo céc phuong x,y va
moment quay quanh truc z. Cac gia tri tham chiéu nay dugc dit trudc (setpoint) hodc
c6 thé thay doi theo kich ban mé phong (vi du: chuyén dong thang, ré trai, tang tai, 1én
dbc, v.v.). N6 khong xtr 1y ban d6 hay dinh vi toan cuc ma chi tap trung cung cip muc

tiéu van toc cho hé thdng didu khién & ting thap.

-Pic biét, do xe sir dung co cau banh Mecanum, kha nang chuyén dong da huéng (omni-
directional) duroc tan dung dé thir nghiém kha ning 6n dinh trong nhiéu tinh hudng khéc
nhau. Cac tham sé nhu van tdc than xe va moment quay duoc truyén truc tiép xudng bo
diéu khién tang thap, noi cac thuat toan diéu khién PID va Fuzzy-PID xur 1y va phan
phéi lyc cho timg banh xe.
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- Piéu khién cdp cao duoc xay dung trong méi truong MATLAB/Simulink dé thuan tién
cho viéc mo phong va danh gia hiéu suat hé théng. Cac tin hiéu ddu vao nhu tai trong,
do nghiéng mat dbc, hodc hé sd ma sat c6 thé duoc diéu chinh truc tiép trong qua trinh
mé phong. Piéu nay gitp danh gia kha nang thich nghi ctia b diéu khién Fuzzy-PID
khi cac diéu kién van hanh thay doi.

2.3.2 Diéu khién cip thip

- O phén nay, diéu khién cap thap c6 chirc ning nhan tham chiéu tin hiéu tdc do tir ting
diéu khién cap cao, diéu khién PID tirng dong co banh xe dya trén van tc mong mudn,
tinh todn dong hoc thuan tir van tdc banh xe thuc té dé suy ra van tdc thuc té cua xe. Sau
d6, giri thong tin tdc do phan hoi 1én ting diéu khién cao dé phuc vu qua trinh diéu khién
on dinh

2.4 So' 6 khoi diéu khién

I — ; N
ENCODER >< BO GIAI MA | BO DIEU KHIEN [ NGUO1DUNG

( DIEU KHIEN CAP CAO
(FUZZY ADAPTIVE CONTROL)

| l | |

DIEU KHIEN DIEU KHIEN DIEU KHIEN DIEU KHIEN
DONG CO/(PID) DONG CO(PID) DONG CO(PID) DONG CO(PID) Pl
DONG CO DC1 ‘ DONG CO DC2 ‘ DONG CO DC3 DONG CO DC4 }

Hinh 2. 3 So db khéi diéu khién cta hé thong
- ENCODER:
+ Cam bién do téc d6 quay cta hé thong
+ Xuat xung tin hiéu twong tng voi van toc hodc vi tri quay.
+ Thong tin nay ding cho phan hdi diéu khién PID.
- BO GIAI MA:

+ Giai ma tin hiéu tir encoder (dang xung vudng) sang dang s6 hodc van toc dé xir 1y.
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+ Giri tin hiéu da xir Iy dén BO DIEU KHIEN dé sir dung cho PID
- BO PIEU KHIEN:
+ La cau ndi gitta ting diéu khién cao va cac bd diéu khién dong co.

+ Nhén 1énh tir PIEU KHIEN CAP CAO (High Level Controller) va phan hdi tir
ENCODER.

+ Thuc hién cac thuat toan diéu khién thip nhu PID tdc d6 cho timg dong co.
+ Xuét tin hiéu PWM dé diéu khién mo-men xoin dong co.

- NGUOI DUNG:

+ Tac dong vao hé thong thong qua giao dién diéu khién.

+ Nhap diém dén, ché d6 hoat dong (manual/auto), theo doi trang thai AGV.
+ Giao tiép voi hé thong qua phan mém GUI, mobile app, hoic web.

- PIEU KHIEN CAP CAO (FUZZY ADAPTIVE CONTROL):

+ Thuc hién cac thuat toan diéu khién thong minh nhu Fuzzy Logic, PID tong thé, tinh
toan dong hoc/nghich dao dong hoc.

+ Nhan dir liéu tir nguoi dung va cam bién — xtr Iy — xuat 1énh diéu khién van tdc tirng

banh xe.

- PIEU KHIEN PONG CO (PID):

+La phén tor cong suét (driver) nhu L298N, BTS7960, VNH2SP30, v.v.

+ Nhan tin hiéu PWM tir vi diéu khién va diéu chinh dién 4p cép cho dong co.
+ C6 thé dao chiéu va diéu chinh tdc do dong co DC.

+ Mbi dong co can mot bo diéu khién riéng.

-DONG CO DC1 — DONG CO DC4:

+ Cung cép lyc quay cho ting banh xe.

+ Nhan dién tr PIEU KHIEN DPONG CO dé quay vdi van tdc mong mudn.

+ Gan tryc tiép vdi cac banh xe
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2.5 Thiét ké cAu tric hé thong AGV Robot

2.5.1 Thiét ké AGV Robot mong muén

- AGV Robot c6 kha ndng chiu duogc tai trong, dam bao kha nang chd hang vai tai trong
tir 20 kg dén 30 kg, phu hop véi nhu cau van chuyén hang héa nhe trong nha may nhu
linh kién dién tir, thuc phém dong goi, thiét bi y té, v.v.

- Kha nang thich nghi méi trudng lam viée: Xe phai hoat dong 6n dinh trong cac diéu
kién thay doi thuc té nhur:

+ San c6 hé sb ma sat thay ddi (do dau, nudc, bui...).
+ Dia hinh ¢6 déc nhe (khoang 5-10 do nghiéng).

- Kich thuéc va trong lugng gidi han: Bé di chuyén linh hoat trong khong gian hep, kich

thude tong thé cua xe dugc gidi han nhu sau:

+ Chiéu dai: < 1000 mm

+ Chiéu rong: < 800 mm

+ Chiéu cao: < 500 mm

+ Khéi lwong AGV Robot: khoang 25 kg

- Thoi gian lam viéc va sac:

+ Xe can dam bao kha ning van hanh lién tuc 20 gid/ngay.

+ Thoi gian sac pin: khong qua 4 gid. Co thé tich hop sac nhanh hodc co ché thay pin.

- St dung banh xe Mecanum: Viéc st dung banh xe Mecanum la yéu cau bét budc trong

dé tai. Loai banh xe nay co cac con lan nghiéng 45 do cho phép xe c6 thé:
+ Di chuyén theo moi hudng: tién, lii, sang ngang, chéo, quay tai chd, ...

- Tiét kiém ning luong: Hé thdng diéu khién phai c6 kha ning tiét kiém ning luong, tu
dong chuyén sang ché do nghi khi khong hoat dong, va tdi wu héa cong suit dong co

trong qué trinh di chuyén.

- Chuyén dbi ché do diéu khién: Xe phai hd tro chuyén doi linh hoat gitta ché d6 tw dong
(Auto) va bﬁng tay (Manual) dé thuan tién trong qué trinh bao tri, diéu chinh, hodc xir
1y cac tinh hubng bt ngo.
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- V6i cac yéu cau vé ky thuat nhu trén, nhom nghién ctru di tinh chon ra cac thiét bi phu
hop voi AGV Robot mong mudn:

Bang 2.1 Tinh chon thiét bi cho h¢ thong

Thiét bi M3/ loai cu thé
Encoder JGA25-371 12V 60RPM (B6 ma hoa
2CH)
Loadcell Cam bién Iyc 50kg + Module HX711
Bo xir 1y cap cao Raspberry Pi 4 (RAM 2-4GB)
Diéu khién cép thap STM32F103C8T6

2.5.2 AGV Robot trong dé tai

- Céc thiét bi dugc tinh chon cho AGV Robot mong mudn néu trén, dua vao cc yéu cu
thuc t& d6i voi mot hé thdng xe tu hanh Gng dung trong cong nghiép, dap tmg tot cac
yéu cau cia 1 AGV Robot Cong nghiép thuc hién dwgc nhiéu nhiém vu & quy mo vira
va 16n. Con vé AGV Robot ctia dé tai nhém thuc hién thi da c¢6 su thu hep lai vé quy mo
hé théng bao gom céc cap diéu khién s& don gian hon so v6i AGV Robot mong mudn

nham muc dich don gidn hoa viéc tinh toan, thiét ké va gia cong cling nhu gidm nhe chi

phi.
BTS7960 LOADCELL 5KG KHOI DIEYU KHIEN CAP CAO GOM ARDUING MEGA2560, HX711, MODULE CAP NGUON
NGUON
LCD HIEN TH]
ENCODER JGA25-371
BANH XE MECANUM
Hinh 2. 4 AGV Robot trong dé tai nhom thyc hién
Sinh vién thuc hién: Nguyén Doin Quang Giang vién huéng dan: TS. Tran Thi Minh Dung 16
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Chuwong 3: MO HINH HOA HE THONG VA THIET KE BQ PIEU
KHIEN FUZZY - PID

3.1 M6 hinh héa hé thong

3.1.1 M6 hinh dong hoc ciia AGV Robot

- Trong vi¢c mo hinh héa mdt hé théng tu hanh st dung banh xe Mecanum, viéc xay
dung mé hinh dong hoc 13 buée dau tién va quan trong dé hiéu mdi quan hé giira cac
dong co mong mudn cua than xe va diéu khién tin hiéu tai mdi banh xe, giup thiét 1ap
moi quan hé hoc gitta toc d6 cta robot (van tdc tuyén tinh va goc quay) véi toe dd quay
clia ting banh xe (van toc goc). Mo hinh niy dong vai trd két ndi gilta bai toan dicu

khién cao (lyc, van toc than xe) va trinh d6 (diéu khién ting banh xe).

- bong hoc thuan (Forward Kinematics): mé ta cach tinh toan van chuyén tbc do cua
than xe dua trén van toc quay clia cic banh xe. Pay 1a mo hinh dung dé xac dinh xe dang
chuyén hudng nhu thé nio trong khong gian (hudng, téc do, quay tai chd, vv) tir dau
vao 1a toc d6 cua tirng banh. Phuong thire hoc tap thuan lgi thuong dugc stir dung trong
mo phong, danh gia phan hdi thuc té tir bd ma hoa hodc phan tich hop nhét vao dinh vi

thuat toan.

- Pong hoc ngugc (Pong hoc nghich dao): Nguoc lai, dong hoc ngugc xac dinh tdc do
yéu cau cua tirng banh xe sao cho than xe di chuyén theo mot téc 46 mong muédn di cho
(vi du: di thang, sang trai, quay tron). M6 hinh hoc nguoc dong vai trd quan trong trong
hé théng diéu khién, dic biét khi ap dung cac b diéu khién nhu Fuzzy-PID dé sinh luc

hodc chay muc tiéu tdc do cho than xe.
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Hinh 3.1 Mb ta minh hoa vé tdm quay cta hé thong xe ty hanh

]
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—
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j
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n
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==l

1
INIRLR AN,

/ I
UhN______ A __»\‘/_/ E\_)‘:‘J [Lq/

|

Hinh 3. 1 Chuyén dong da huéng cia AGV Robot

- PBé tai nghién ctru ctia nhom str dung bon banh xe Mecanum trong du 4n. Céu triic bd
tri banh xe giéng nhu Hinh 3.1. Hudng va tdc d6 cua cic banh xe chéo dugc diéu khién
doc 1ap. Viéc str dung cung mot tdc do cho tat ca cac banh xe cung luc trong qua trinh
van hanh giup dat duoc 8 hudng chuyén dong khac nhau cta robot ma khong 1am thay
d6i huéng quay cua nd. Bang cach thay doi tbe do cia cac banh xe chéo, chung toi co

thé dat dugc chuyén dong theo moi hudng tir 0° dén 360°.

- Vi dy, dé thuc hién chuyén dong ngang sang phai, cac banh xe bén phai duoc quay
nguoc chiéu nhau vio trong, trong khi cac banh xe bén trai quay nguoc chiéu nhau ra
ngoai (Hinh 3.2). Bing cach sir dung ky thuat ndy, chung t6i dat duoc tit ca tdm chuyén
dong khac nhau nhu dugc thé hién trong (Hinh 3.2)
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3.1.1.1 Bong hoc thudn cua AGV Robot
- Ta c6 thé tinh toan van toc ciia banh xe i va van tdc tiép tuyén ctia con lin ty do tiép
xuc véi mat dat theo cong thirc sau:

1

Vi = 7@ (3.1)

cos4s T

W =10;,i=0,1,2,3 (3.2)

Va xét cac phuong trinh (3.1) va (3.2), van tdc ctia banh xe i trong hé toa do S.PE,

suy ra:
Vs, = Vi SINY; (3.3)
Vgi = w;T; + V- COSY; (3.4)
ool =l Sl o] =] 33
Vg, cosy;| [vir Pilvg '

- Ma tran bién doi van toc tir banh xe thir i 1a:

0 sinyi] (3.6)

w;Tp, =
LTy [Ti Cosy;

- Van tdc cua tAm banh xe dugc chuyén sang h¢ toa do X RO YR dugc phuong trinh sau:

leR COSﬁi 'Sinﬁi] I:vsl] —w; P; [ ]
[ le] [Slnﬁi cosp; Vg, TPl Tr Vi (3.7)

- Sau do, ma tran chuyén ddi tr van tdc banh xe sang h¢ toa do l1a phuong trinh:

PTy, = [cosﬂi -smﬁi]

sinp; cosp;

(3.8)

Luu y: Vi chuyén dong ciia robot 1a chuyén dong phing (2D), nén ta c6 cac diéu kién

riéng cho viéc tinh todn ma tran van toc va cac bién thién goc trong mat phang.

- Ta thu dugc phuong trinh dong hoc thuan:

ol 1 P ]
[vixy =1, Lx vyR =7 vyR (3.9
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T d'-T'—[1 Ty
rongd6: T = | L.
(Trich dan tr Kinematic Model of a Four Mecanum Wheeled Mobile Robot — Hamid
Taheri, Bing Qiao, Nurallah Ghaeminezhad)
3.1.1.2 Bong hoc nghich cua AGV Robot

- T phuong trinh (3.6) va (3.8), ta thu dugc phuong trinh dong hoc nguoc:
P; w,_ ’ R .
w;Tp, T, v | = T (vyg |, =0,1,2,3 (3.10)
r

Vi Ast; # 0,0 < |y;| < g, det( PTTR) # 0 va det(w! P,) # 0, nén bang cach két hop
phuong trinh (3.7) va (3.9) ta duogc:

[Z)‘] =i Tp, HFi Ty, LT leR ‘,i =01,23 (3.11)
r

- Theo phuong trinh (3.6) va phuong trinh (3.7), ton tai mot mbi quan hé gitra cac bién
trong hé toa do cua tirng banh xe cua xe va tdm cua no. Véi bai toan dong hoc nghich
van tdc cua xe co thé duoc xac dinh bang cach st dung V;. 13 van tdc tuyén tinh va @,

1a toc d6 quay ciia banh xe thi i trong phuong trinh (3.12), va nguogc lai trong phuong
trinh (3.13):

UXR w
z
wW; VX
[vf =T |vy, (3.13)
ir
Wxp

Trong d6: T =i Tp,~*FPi Ty, ~1.T', T =T"'7")'T"

_ [cosB; -sinﬁi]‘l_[n Sm%] [o (3.14)

sinf; cosf; COSY; llx

Xét lj = l; cos a; valy, = ; sin a; (cac banh xe c6 cung kich thudc), ma trn chuyén
doi sé la:
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cos(Bi—yi) sin(Bi—yi) lisin(—a;i+Bi—yi)

1| sin(yy) sin(y;) sin(y;)
r= _r __rcos(Bi) i rsin(B;) L sin(—ai+Br (3'15)
sin(y;) sin(y;) sin(y;)

—%(Zi2 sin(B) - i* sin(-3, +2al.)+2sin(ﬁi)) %lﬁ sin(-y, + 3 +2ai)—%sin(—yl. + Bl =sin(-y, + B)

1 %r(li2 cos(f3)~1i* cos(~f3. +2a,) + 2COS(ﬂi)) -%lf cos(y, - B +2a,) +%cos(—yl. + Bl +cos(~y, + )

cos(e; - ) cos(a, =B+ y,)li

(3.16;

- @, va V,. ¢c6 moi quan h¢ doc 1ap trong moi khdp va van tde goc va van toc tuyen tinh

cua xe, dong hoc nghich dao c6 phuong trinh sau:

rcos(B1—v1)  sin(Bi—y1) lLsin(Bi—y1—a1) T
sinyy sinyq siny,

W1 cos(B2—Y2) sSin(Bz2—Y2) la2sin(B2—y2—az) Vy
w- _ -1 siny, siny, siny, v (3.17)
W3 r |cos(Bs—vs) sin(Bz—ys) lzsin(Bz—ys—az)|| ¥ '
W, sinys sinys sinys Wz

cos(Ba—vs) Sin(Ba—vs) lSin(B,—va—a4)

L siny, Siny, Siny, A

va ma tran Jacobian cho dong hoc nghich déo cta hé thong:

rcos(B1—v1) Sin(Bi—v1) lLisin(B1—y1—aq) 7
siny, siny, siny,
cos(B2—y2) sin(Bz—y2) lxsin(B2—y2—az)
1 siny, siny, siny,
r= ~ r|cos(Bs—y3) sin(Bz-v3) lzsin(Bz—yz—as) (3.18)
sinys sinys sinys
cos(Ba—vs) Sin(Ba—vs) lasin(Bs—vVs—ay)
L siny, Siny, Siny, _

va voi dong hoc thudn theo phuong trinh (3.72), ta dugc:
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W1
1% ©
vy |=T+]2 (3.19)
w3
W, o,
Bang 3. 1 Tham s hé théng
i Banh xe a; Bi Vi li lix lyx
0 1 T T _r L L Ly
4 2 4
1 2 _r _r T l L, L,
4 2 4
2 3 3n T T l L, L,
4 2 4
3 4 3r _r _r l L, L,
4 2 4

- Bang cach thay céac thong s6 trong Bang 3.1 vao ma tran phuong trinh (3.17) va phuong
trinh (3.18) ta thua dugc:

1 -1 -(lietly)
_ 1 1 1 (lix+liy)
™= 1 -ty (3.20)
1 -1 (Lixt1y)
1 1 1 1
TH="| " 1 1 1 1 (3.21)
Lt Ltly, Ll Letl,

- Theo cac phuong trinh (3.12) va (3.13) vé dong hoc thuan va dong hoc ngugc ta co:

o, 1 -1 -(l,+1) ,

w| _a|l 1 Gty |7 (3.22)
(1)3 r 1 1 '(lx+1y) wy '
Wy 1 -1 (L)t

(01 == (vy — vy — (L + 1)),

1
Wy, ==, +v, + (L, +1,)w),
R (3.23)
w3=;(vx+vy—(lx+ly)w),

1
k(,()4 = ;(vx - Uy + (lx + ly)(l)),
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Va
v 1 1 1 171|%1
o I 1 1 1f|e:
Uy =2 1 11 1 W3 (3.24)
Wy Letly  Letly  Levly  Levly T,
- Vén tbc theo truc x:
v(x) = (W + Wy, + w3 + w4)£ (3.25)
- Véan tdc theo truc V.
v(y) = (—w; + Wy + w3 — w4)£ (3.26)

- Van toc goc:

T
4(lx+ly)

w,(t) = (—w1 + Wy — w3 + Wy) (3.27)

- Van tdc tong hop va goc dinh hudng trong hé toa do dung yén (x, y,z) co thé dugc

tinh toan nhu sau:

+ Hudng chuyén dong (goc):

p = tan™* (2) (3.28)
+ D6 16n cua van tdc tong hop:
Vp = /U2 + )2 (3.29)
- Phuong trinh dong hoc cua hé:
w=TxPT, " xqf (3.30)
Trong do:
w=[w; 0, w3 w,]"
1 -1 '(lix+1iy)
r_1 1 1 Ity
|11 ~(lixtiy)
1 -1 Ity
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_ [cosB;  -sinp;
sinf; cosp;

PTr, =
gr=1[x ¥y @I"=[x Vy @]"véi o, lavin tdc goc cua hé thong, g 1a vector vi
trf tai tim hinh hoc ctia hé théng xe tu hanh trong hé quy chiéu XGY.

(Trich dan tir Kinematic Model of a Four Mecanum Wheeled Mobile Robot — Hamid
Taheri, Bing Qiao, Nurallah Ghaeminezhad)

3.1.2 M6 hinh dong luc hoc cia AGV Robot

- Phuong trinh dong luc hoc:

T

Er=[MI(*T, q+"T," q)-Hf,., -KF,]

(3.31)
Trong do:
A+B+]gp -B A-B B
| —B A+B+] B A-B
M= A—-B B A+B+J,,  -B (3-32)
B A-B -B A+B+]
Voi
1., - Jr?
e A=-Mr“;B=——"—
8 4(2lx+21;y)

e J,p» 1a md-men quén tinh quay quanh truc z (tirc 1a phuong vuéng géc voi mat
phang chuyén dong) ctia toan bd robot khi xét dén chuyén dong quay.

e M =my + 4m,,: 13 khdi luong cta toan bd hé thong
my,, m,, 14 luot 1a khoi lwong ciia than hé thong va cac banh xe

o J=Jop+m, (4l + 4ll-y2) + Jow 1a momen quan tinh ctia hé thong xe ty hanh
Trong do: J;5 1a Mo-men quén tinh cta than robot (body) quanh truc z

Jew MoO-men quan tinh cua banh xe quanh truc quay cua no.

1—a a -b b
a l-a b -b
E = 3.33
—b b l-a a (3-33)
b -b a l-a
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Véi: a =

T(Zlix+4liy)

2rliy

4V2roL(2lix+2liy)

dén truc banh xe

T(Zlix + 4liy)

T(Zlix + 4liy)

B 4\/§T0L(Zlix+21iy),

421, + 21
T(le’x + 4liy)

4(2L;, + 21;,)
T'(Zlix + 4liy)

421, + 21;)

421, + 21;)

ZT‘lix Zrll‘x
421, + 21;,) 421, + 21;,)
Zrlix Zrlix

421, + 21;)

421, + 21;)

r,, la khodng cach tir truc con ldn

H= 2l 2rl, rQly +4ly) T2l +4ly)
421, + 21;y) 421, + 21;) 421, + 21;) 421, + 21;)
2rl;, 2rl;, (2l + 4l;) (2l + 4l;y)
1421, + 21;) 421, + 21;) 421, + 21;) 421, + 21;y) |
(3.34)
K=[-r or r r]T (3.35)
T=[1; 1, 13 14T (3.36)
1a momen quén tinh diéu khién ciia cac banh xe
fims = Uimst fimsz fimsa fLms4]T (3.37)
la lyc ma sat 1an cua con lan trén banh xe
fms = Ums1 fmsz fmss fms4]T (3.38)
la Iuvc ma sat lan ctia cac banh xe
V6i: Fpsi = Ny sgn w; va Fpg; = Ny sgn w;; 1an luot 1a cac thanh phan ma sat tai

diém tiép xuc cua con lan va cac banh xe doi véi mat duong, N,, 1, 1an luot 1a phan luc

tor mat duong tac dung Ién cac banh xe va hé s6 ma sat lan

- Tu (3.30) va (3.31) suy ra:

.. . . . T .« ~ A 1A
Véi:g=[x y @]" =[vx+v, +w,] 1avantdc ciia hé théng

Sinh vién thuc hién: Nguyén Doan Quang
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G = (H - K)J"Tr,"Nu

(3.39)

(3.40)
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(Trich dan tir Trajectory tracking control for the mecanum wheel mobile robot the
dynamic surface controller connected to the neural network — Nguyén Thi Thanh, Vé
Thu Ha)

3.2 Thiét ké bd diéu khién

3.2.1 Thiét ké bé diéu khién PID ciia dpng co DC

Ysp e(t) u(t) y(t)
— =
-+ & -
y(t)
Hinh 3. 2 So db khdi bo diéu khién PID
Trong do6:

e Thanh phan P (Ti 18) xir Iy sai s6 hién tai.

e Thanh phan I (Tich phan) xir Iy tong sai s6 theo thoi gian, gitp loai bo sai s6 tinh.

e Thanh phan D (Vi phan) phan anh téc do thay doi cua sai so, gitip cai thién dap

ung dong.

- Trong hé thdng xe ty hanh, mdi banh dugc dan dong doc 1ap boi mot dong co DC, cho
phép xe c6 kha ning di chuyén linh hoat theo nhiéu hudng. Bén dong co ndy c6 clng
loai, cung dic tinh k¥ thuat va cing yéu cau diéu khién vé téc do, do d6 qua trinh thiét
ké bo diéu khién c6 thé thuc hién cho mot dong co. Cau trac diéu khién 13 tuong tu va

ap dung cho ba dong co con lai.
- Phuong trinh dong luc cua dong co:

dig(t)

Raia(t) + Lo ™52 + By = e,(t) (4.5)
d?6,, dby,
Jm di2 + D P m(t) (4.6)
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Ty = Ktia(t)
A6,
Ep(t) = K, e

+ Chuyén sang mién Laplace:
Rolo(s) + Lasla(s) + KpsOn,(s) = Eq(s)
]mSZQm(S) + D50 = Kilo(S)

+ Ham truyén dat:

G(S) — V(S) — Kt
Eq(s) LaJms?+(RqJm+LaDm)s+(RqDm+KpK¢)

Trong do:

R, 1a dién trd phan tmg

L, 1a dién cam cudn day

J,, 1a momen quén tinh (kg.m*)
D,, 1a h¢ s ma sat

K, 1a hang s6 momen (Nm/ A)

K, 1a hang sb dién ap (V' / (rad / s))

(4.7)
(4.8)

(4.9)
(4.10)

4.11)

- Dua vao datasheet cua dong co Encoder JGA25-371 ta c6 cac thong s6 ki thuat can

thiét sau:
+ L, =0.1214H
+ R =12Q

+J =0.0495 kg.cm’
+ D, =0.002953

+ K, =0.412 Nm/A

+ K, =0.91 V/(rad/s)

Sinh vién thuc hién: Nguyén Doin Quang Giang vién huéng dan: TS. Tran Thi Minh Dung
bao Nguyén Pan



NGHIEN CUU VA THIET KE BO PIEU KHIEN THICH NGHI DUA TREN LOGIC MO CHO XE TU HANH

- Ta ¢6 ham truyén cta dong co DC:

0.412

G =
() 0.006009s2 + 0.5944s + 0.4104

- Tién hanh thiét ké bo diéu khién PID cho dong co DC:
+ Ta c6 phuong trinh sau:

1+ PI(2)G(z) =0 (4.12)

KT z + 1) 0.06076z + 0.006673 —0
2 z—1/2?—-0.9329z + 5.059¢ — 05

= 2(z% — 0.9329z 4 5.059 X 1075)(z — 1) + (2Kp(z — 1) + K,T(z
+1))(0.060762 + 0.006673) = 0

= (223 — 3.86582z% + 1.8659z — 0.00010118)

+(0.12152K,22 — 0.108174K,z — 0.013346K, + 0.06076K,Tz2 + 0.067433K,Tz
+0.006673K,T) = 0

= 223 + (—3.8658 + 0.12152K; + 0.06076K,T)z>

+(1.8659 — 0.108174K, + 0.067433K,;T)z + (—0.00010118 — 0.013346K),
+ 0.006673K,T) =0

= 2z3 + (0.12152Kp + 0.06076K,T — 3.8658)z>

+(—0.108174K, + 0.067433K,T + 1.8659)z + (—0.013346K, + 0.006673K,T

—0.00010118) =0

L (i +

+ Vi cac tiéu chuan on dinh, ta co:

{ =0.707; w, = 10 rad/s;T = 0.1s
ZI,Z = —reijqj

r = e—Tan — e—0.1><0.707><10 = 0.493

0 = Tw,/1—72=0.1x10x+1—0.7072 = 0.707
Zi, =7 X (cos@ % jsin @)

= rcos® =+ rjsin@®

= 0.493¢0s(0.707) + j0.493sin(0.707)

=0.375 +j0.32
Lay z3=1
(z = 21)(z = 2)(z — 23)
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= (2% = (z1 + z3)z + 2123) (2 — 23)

=23 — 2372 — (2] + 23)2% + (2] + z3)z5z + z{ 252 — z{ 257}
=23 — (2] +z; + 23)z° + [(z1 + 23)z3 + 22|z — 2] 2, Z}
=23 —(z1 +z; + V2% + [(21 + 23) + 21 23]z — 21 Z;

- z3 —1.7500z% + 0.9933z — 0.2433 = 0

— 273 —3.5000z2 + 1.9866z — 0.4866 = 0

0.12152Kp + 0.06076K,T — 3.8658 = —3.5000
—0.108174Kp + 0.067433K;T + 1.8659 = 1.9866
—0.013346K, + 0.006673K;T — 0.00010118 = —0.4866

Ky = 1.173
K, = 36.74

+ MO phdng trén Matlab — Simulink:

0412

3 3 =
. e ' oo 0.0060095" + 059445 4+ 04104  [re—
> o l'.‘,'a)

Hinh 3. 3 Két qua mo6 phong bo diéu khién PID cua dong co DC

Constart 1
— 100 D Degeees)

Hinh 3. 4 Két qua md phong bd diéu khién PID dong co DC
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Nhan xét va danh gia két qua: Két qua mo phong hé thong diéu khién phan hoi PID cho
co s& DC cho thiy kha niang diéu khién 6n dinh va hiéu qua. Khi tac dong tin hiéu diéu
khién dudi dang cap bac, hé thong nhanh chéng dua téc d6 dau ra dat t6i gia tri voi thoi
gian qua ngan (khoang 1 gidy). Sau thoi gian qua do, hé thdng nhanh chéng dat trang
thai 6n dinh, khéng xut hién dao dong du va sai s6 xac 1ap gan nhu bang khong.

3.2.2 Thiét ké bé diéu khién Fuzzy — PID

3.2.2.1 Ly thuyét vé Logic mo

3.2.2.1.1 Tong quan vé logic md

- Logic m& dugce thé hién bang ngdn ngit con ngudi. Dua trén logic md, bo diéu khién
mo chuyén ddi mot chién luge diéu khién ngon ngir thanh mot chién luge diéu khién va

cac quy tac mo dugc xay dung bdi kinh nghiém cua mot chuyén gia hodc co s¢ dir li¢u.

- Sai s0 (e) va su thay doi cua sai sO (de) cua toc do 1a cac dau vao bién doi cua bd diéu
khién logic mo. Pau ra bién doi cua b diéu khién logic mo diéu chinh cac tham so6 cua
bd diéu khién PID, sau d6 bd diéu khién PID tinh toan dau ra diéu khién.

- Cau trac tong quat cua mdt hé diéu khién mo:

> I o,

X e y
» DOI TUONG DIEU KHIEN
Y FLC - =
A -
—>  d/dt..
DO LUONG
Hinh 3. 5 Cau trac tong quat cua mdt hé mo
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3.2.2.1.2 Cac thanh phan ctia mot hé suy luan mo (FIS)
3.2.2.1.2.1 Bién ngon ngir

- Bién ngdn ngir 1a bién khong c6 gia tri s6 cu thé ma dugc dieén td bang ngén nglr tu

nhién.

- Gia tr1 ngdn ngir 1a cac tur. Gia tri ngdn ngtr chira dung thong tin khong chinh xéc, do
d6 c6 thé mé ta gia tri ngdn ngit bang tip mo.

- Vidu:

Bién nhiét do c6 thé nhan gia tri "lanh”, "am", "nong" thay vi s6 d6 C cu thé.
Bién tdc do co6 thé nhan gia tri "chdm", "trung binh", "nhanh" thay vi km/h cu thé.
Xét tbe do cua xe, ta c6 thé phat biéu xe dang chay:

+ Rt cham (VS)

+ Cham (S)

+ Trung binh (M)

+ Nhanh (F)

+ Rét nhanh (VF)

Nhitng phat biéu nhu vay duoc goi 13 bién ngdn ngit cia tip mo. Goi X 14 gia tri cia
bién toc 4o, vi du x=10km/h, x =60km/ k... Ham lién thudc tuong tng clia cac bién

ngon ngtr trén dugc ki hiéu la:

Hys (X), g (X), 24y (20, 1 (X), Ly (X)
- Bién toc d6 s& c6 2 mién gia tri:
+ Mién gia tri ngén ngi:
N= {rét cham, cham, trung binh, nhanh, rat nhanh}
+ Mién gié tri vat 1y:

V={xeB|x=0}

- Bién toc d6 dugc xac dinh trén mién ngdn ngit N duoc goi 1a bién ngdn ngir
- Véimdi x e B ta cd ham lién thudc:
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X = pt, = s (x), g (), (%), e (X), (%)}

3.2.2.1.2.2 Cac dang ham lién thuoc
- Cac dang ham lién thudc (membership function) trong logic mo: Gaussian, PI-shape,

S-shape, Sigmoidal, Z-shape...

3.2.2.1.2.3 Cac phép toan trén tdp mo
- Phép giao: giao cta hai tip md X va Y ¢o cung tap nén B 1a mot tap mo X NY ciing
xéac dinh trén nén co sé B ¢6 ham lién thudc thoa min Myy (X) théa méan cac tinh chat

Sau:

a) My~y(X) chi phu thudce vao Ly (X) va iy (X)

b) Néu c6 Hy(X)=1, véimoi X thicling c6 Myqy(X) = 1y ()
c) Hyny (x) = Hy~x (X), tre 12 ¢6 tinh chét giao hoan

d) Hxnrnz(X) = By rynzn (X)), tie 1a c6 tinh chat két hop

e) Néu c6 iy (%) <y, (%) thi cling 6 Hyyny (¥) < fhyyy (X), tirc 14 ¢6 tinh chét khong
giam

Ta c6 thé thdy duoc nhiéu cong thirc khac nhau dugc dung dé thuc hién tinh toan ham
lién thuoc Hy -y (X) cho hai tap mo. Vi du nhu 5 cong thire sau déu str dung dé dinh nghia

ham lién thudc Hy .y (x) cua phép giao hai tap mo:

Bang 3. 2 Mot sd phép giao thuong dung (phép hoi)

STT | Tén goi Cong thirc mo ta
1 | LuatMin Uy (X) = min{ze, (x), 4, (x)}
2 | prod (tich) oy (%) = iy (X) 1y (x)
3 Tich yéu - {min {14, (X), 1y (x) }if max{u, (x), uy(x)} =1
o 0if max {1, (x), 4, (x)} #1
4 | Lukasiewicz ey (0) =0, 1, (X) + 21, (x) -1
’ Egllsizln Hrer () =77 (14, (x) f);(j()x!; (—x/)zX (%) (%)
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- Phép hop: hop ctia hai tip mo X va Y c6 cung tip nén B 1a mét tip mo X UY ciing
xac dinh trén nén co s& B ¢6 ham lién thudc théa man Uy y (X) théa man cac tinh chat

sau.

f) Hyoy(X) chi phu thudce vao Ly (X) va iy (X)

2) Néu co Hy (x) = 0, vo1 moi X thi cling co ,UXUY(X) = Hy (x)
h) My y(X) = tyy (%), e 12 ¢6 tinh chit giao hoan

D) Hixoroz(X) = ez (X), tie 1a ¢ tinh chat két hop

k) Néu c6 My, (X) <ty (X) thi cling c6 fyop (X) < Hyoy (X)), tire 12 6 tinh chit khong
giam

Ta c6 thé théy duoc nhiéu cong thirc khac nhau duoc dung dé thuc hién tinh toan ham
lién thude Uy y (X) cho hai tap mo. Vi du nhu 5 céng thire sau déu str dung dé dinh nghia

ham lién thudc Uy y (x) cua phép hop hai tap mo:

Bang 3. 3 Mot s6 phép hop thuong dung (phép tuyén)

STT Tén goi Cong thirc mo ta

1 Luat Max Hyoy (%) = max{u, (x), 1, (x)}

2 | Tong tryc tiép Moy () = 10, () + 2, (X) = (X) 2y ()

3] Téngyéu {mﬂx{ﬂx(x),ﬂy(x)}ifmax{ﬂX,ﬂy}=0

Hyxor = nepo
£ 03f min a1} 20
4 | Lukasiewicz Uy () =min{l, g, (%) + 1, (x)}
5 | Tong Einstein L (X)+ 1, (x)
ILl g (x) — X Y
o 1+ 14, (x) + 1y (x)

3.2.2.1.2.4 Ludt hop thanh
- Binh Iy Mamdani:

“Pd phu thudc cua két luan khong duoc 16n hon d6 phu thude diéu kién”

Néu hé thong c6 nhi€u dau vao va nhi¢u dau ra thi ménh dé suy dién cé dang tong quat

nhu sau:
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If N:n,- and M:m,- and ... Then R:Vi and K:k,- and ...

- Suy luan mo: phép suy luan mo hinh thanh dya trén khi 1y thuyét logic mo dwgc tng
dung trong diéu khién, twong tu v6i phép tinh kéo theo & 1y thuyét logic kinh dién khi
biéu dién mbi quan hé X — Y gitra hai tdp X va Y thi phép tinh nay ciing duoc chuyén
sang phép tinh kéo theo ctia hai tdp mo khong can c6 chung mét tip nén nhung van phai

tinh toan mot cach may méc dé thyc hién ménh dé hop thanh.

+ Dinh nghia phép suy luin mo khi két hop tinh chit kéo theo kinh dién va dé xut
Mamdani: Hai ham thuoc Uy, (x), My (X) ctia hai tap mo X, va Yk la mgt tap mo cung

nén véi gia tri ngdn ngit Yk c6 ham lién thude 4=, (V) thoa man:
a) Hy _y (V)< pty (%)

b) Néu c6 Hy () =0 thi ciing c6 py _, () =0

¢) Néu ¢o My, (X) Sty (x) thi cling 6 fy _y (1) S phy_y (%), VY

d) Néu c6 My, (X) Sty (x) thi cling ¢6 fy_y (V) S fyy (), VX

Béang 3. 4 Luat hop thanh

Luat hgp Phép hgp (phép Phép giao (phép | Phép suy luan mo
thanh tuyén) hdi)
max — min Ludt max Ludt min Luat min
max — prod Ludt max Ludt prod Ludt min
sum — min Téng truc tié}? Ludt min Ludt min
sum — prod Tong truc tiép Ludt prod Ludt min

3.2.2.1.2.5 Giai mo

- Tir mot gid tri 1 X, dau vao, sau khi qua khdi lut hop thanh ta c6 tap mo dau ra Y’

va can phai xac dinh rd gia tri daura )

- Qua trinh giai mo chinh 14 qué trinh dé ta thuc hién tim ra gia tri diu ra Y, gia tri nay

¢6 thé chap nhan dugc tr ham lién thuoe £, (V) cua thp mo ¥
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- C6 2 phuong phap giai mo chinh: phuwong phap cuc dai va phuong phap diém trong
tam

¥

Mir hia " Luiit hop thinh Ri: Néu ... thi .i=1.2....0 > Mir hia .

Hinh 3. 6 Nhiém vu ctia khau giai mo
3.2.2.2 Diéu khién mo

3.2.2.2.1 CAu tric ctua bd diéu khién mo

» Phiin logi mo

> Nhiin dang mo

Ly thuyét vé tip mdy Logic md& va suy luin md

»> Dico khien ma

> Do hwrong mo

Hinh 3. 7 Co sé toan hoc cua phuong phép di¢u khién mo
- Mot bo di€u khién mo bao gom 3 khoi co ban: khoi mo héa, khoi thiét bi hop thanh va
khoi gidi mo. Ngoai ra con c6 khoi giao dién vao va khoi giao dién ra.

Lugt dicn khitn

——L % G diién diin vive ——®  Mir hin * Thict bi hap thinh *  Giiai mir * Gino dién ddu vie ———

Hinh 3. 8 Céac khoi chiing ndng cia bo diéu khién mo
+ Khoi mo héa: ¢é chirc ning chuyén mdi gia tri 1o cia bién ngdn ngit dau vao thanh

vector £ c6 sO phan tir bang s6 tdp mo dau vao.
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+ Khbi thiét bi hop thanh: ban chat ctia n6 1a sy trién khai luat hop thanh R dugc xay

dung dua trén co s¢ cua luat diéu khién.
+ Khoi giai mo: c6 chirc ning chuyén tdp mo dau ra thanh gia tri rd Y, (Ung vi moi gia
tri 0 X, dé di€u khién doi tugng).

+ Khoi giao di¢n dau vao: c6 churc nang thyc hién viéc tong hop va chuyén doi tin hi¢u
vao (tur tin hi€u tuong tu sang tin hiéu s0), ngoai ra con co6 thé c6 thém cac khau phu trg

dé thuc hién bai toan nhu tich phan, vi phan. ..

+ Khoi giao dién dau ra: c6 chtrc nang thuc hién chuyén doi tin hi€u ra (tu tin hi€u so

sang tin hiéu tuong ty) dé diéu khién déi tugng.

Nguyén tic tong hop bd didu khién mo hoan toan dua vao nhitng phuong phéap toan hoc
dua trén co s& dinh nghia céac bién ngdn ngir vao/ra va sy lya chon nhiing luat diéu khién.
Do cac b diéu khién mo c6 kha ning xir 1y cac gid tri vao/ra biéu dién dudi dang diu
phay dong v6i d6 chinh xac cao nén chiing hoan toan dap tng dugc cic yéu cau ctia mot

bai toan diéu khién “rd rang” va “chinh xac”.
3.2.2.2.2 Tong hop bd diéu khién mo

- Céac budc tong hop b diéu khién mo:
+ Khao sat d61 tugng: dinh nghia cac bién vao — ra va mién xac dinh cua ching.

+ MO hoéa cac bién ngdn ngir vao — ra: & budc nay ta can xac dinh sd luong tip mo va
hinh dang cac ham lién thudc cho mdi bién ngdn ngit, s6 lwong cac tip mo va hinh dang
cac ham lién thudc duoc chon tuy y. Tuy nhién néu chon qua it thi viéc diéu chinh s&
khong min con néu chin qua nhiéu thi s& kho khan khi cai dat luat hop thanh, qué trinh
tinh toan 1au, hé théng d& mat 6n dinh. Hinh dang cac ham lién thudc co thé chon cac

hinh tam gidc, hinh thang, ham Gauss...

+ Xay dung céac luat diéu khién (ménh dé hop thanh): day 1a budc quan trong va kho
khin nhét trong qué trinh thiét ké bo diéu khién mo. Viée xdy dung luat diéu khién phu

thude rat nhi€u vao tri thirc va kinh nghiém van hanh h¢ thong cua cac chuyén gia.

+ Chon céc thiét bi hop thanh (MIN — PROD hoic MAX — PROD hoic SUM — MIN
hoic SUM — PROD) va chon nguyén tic giai md (trung binh, can trai, can phai, diém

trong tam, dg cao)

Sinh vién thuc hién: Nguyén Doin Quang Giang vién huéng dan: TS. Tran Thi Minh Dung 36
bao Nguyén Pan



NGHIEN CUU VA THIET KE BO PIEU KHIEN THICH NGHI DUA TREN LOGIC MO CHO XE TU HANH

+ Ti uu hé thong: sau khi thiét ké xong bd diéu khién mo, ta can mo hinh hoa va mo
phong hé théng dé kiém tra két qua, ddng thoi chinh dinh lai mot s6 tham s6 dé co ché
d6 1am viéc t6i wu. Cac tham s6 c6 thé diéu chinh trong budc nay 1a: thém, bt luat didu
khién; thay doi trong sb cac luat; thay d6i hinh dang va mién xac dinh cua ham lién
thudc.

3.2.2.3 Thiét ké bé diéu khién Fuzzy — PID cho hé thong

- B6 diéu khién Fuzzy-PID 1a sy két hop giira diéu khién mo va PID truyén thong nhim
cai thién kha ning thich nghi va d6 6n dinh cho hé thdng phi tuyén hodc c6 nhiu. Ciu
trac cta bd diéu khién nay gdm hai phan chinh: bd m& (Fuzzy logic) va bo PID. Trong
d6, bd md nhan dau vao 1a sai s6 va dao ham sai sb, sau d6 xir 1y qua qua trinh mo hoa,
suy luan theo luat IF-THEN va gidi mo dé diéu chinh cac tham s Kp, Ki, Kd cua bd
PID. Bo PID sau d6 tinh toan tin hiéu diéu khién dya trén cac tham sb dd dugc hiéu
chinh. Nho ciu tric nay, Fuzzy-PID c6 kha ning tu diéu chinh linh hoat va phan tng
t6t voi dicu kién hoat dong thay doi.

.-

I (=T

ntegrator

Hinh 3.9 Ciu tric bo diéu khién Fuzzy cta hé thdng trén Matlab — Simulink

- B diéu khién Fuzzy 13y sai s6 toc do va dao ham sai sé toc do dé diéu chinh hé sé Kp,
Ki, Kd. Tir 46, cac hé sé Kp, Ki, Kd thay doi theo thoi gian dugc dua vao bo didu khién

PID tinh toan ra gié tri diéu khién.

- Céac bién ngdn ngir cua hé thong: Tap mo co6 7 gia tri dau vao cua sai s6 van toc(E) va
dao ham sai s6 van toc(dE):

e NB: Am lén

e NM: Am vira
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e NS: Amnho

e 7:Khong

e PS: Duong nho
e PM: Duong vira
e PB: Duong lon

S AR 51
Membership funcion plots ™ " 81 = B
NB NM NS z Ps PM P8
NB N\ NS 7 4 PS PM PB i
input vanable "E nput varable "DE”

Hinh 3. 10 Cac bién ngdn ngit va gia tri dau vao

Tuong tu cling ¢ 7 gié tri dau ra cho mdi hé sé Kp, Ki, Kd

15
Mambership function plots "' ™ i Mosberthp - . 131
Ng W NS Z PS PM e '
NE L NS z PS L] P8
oulpul variabie KP* output vasatie *Kr

e 181

Membership Ainction plots
NS ad NS F 4 PSs PM o)

T——.
Hinh 3. 11 Céc bién ngdn ngit va gia tri dau ra

* Ludt diéu khién Mo PID (Fuzzy - PID):

- Luat diéu khién cho hé s6 Kp:

+ Muc tiéu cua Kp 13 1am hé phan hdi nhanh hon khi sai s6 16n nhung néu Kp qua 16n

hé dé& bi giao dong (khéng 6n dinh).

+ Sai sb cang 16n thi ting Kp dé dap ung nhanh hon. Truong hop khi ting Kp:
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e Khi sai s6 van toc 16n, vi du: banh sau bén phai bi ket — van tde théip — e am
16n.
e Heé thdng can tang luc kéo nhanh dé banh d6 dudi kip cac banh khac.

+ Sai s gan 0 thi giir hodc giam Kp

Bang 3. 5 Luat diéu khién Kp

E\dE NB NM NS Z PS PM PB
NB PB PB PM PM PS Z Z
NM PB PM PM PS Z Z NS
NS PM PM PS V4 NS NM NM
Z PM PS V4 V4 Z NS NM
PS PS V4 NS V4 NS NM NM
PM V4 NS NM NM NM NM NB
PB V4 NM NM NM NB NB NB
ViduI:

e =NB, de = NB — Sai s6 rit am va dang ting nhanh theo hudng am.

e Dicu nay cho thay hé dang léch manh va nhanh khéi gia tri mong mudn.
e Giai phap: Tang manh Kp dé hé phan tng ngay va dua sai s6 vé lai — AKp =
PB.

Vidu2:

e e=Z,de=Z — Saisonho, hé 6n dinh.

e Khong can diéu chinh manh, tranh 1am hé dao dong — AKp = Z (khong doi).
Vidu 3:

e e=PB, de =PB — H¢ dang tang nhanh vé sai s6 duong.
e Gidng truong hop vuot qua, nén giam Kp dé tranh ting qua dd — AKp = NB
hoac NM.

+Tom lai:

e Sai sd cang 16n — tang Kp.

e Sai s6 nho, gan 0 — giam Kp dé tranh dao dong.

e Dao ham 16n — giam Kp dé tranh phan Gng thai qua khi sai s6 bién dong nhanh.
- Luat diéu khién cho h¢ s6 Ki:

+ Hé s6 tich lity sai s theo thoi gian gitp loai bo sai s tinh
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+ Tuy nhién, néu Ki qua 16n, sai sé tich lily qué nhanh — dé& gay dao dong manh va tré.
+ Trudng hop can giam Ki:

e Khi xe dang dao dong lién tuc, banh vuot qua — lui lai — roi vuot tiép.

e dE 16n (sai s6 bién dong manh) — giam Ki dé tranh tich liiy qua nhiéu.
+ Khi diéu khién:

e Khi hé dang dao dong manh (de 16n), giam Ki dé tranh tich liy thém.

e Khi hé 6n dinh nhung con sai s6 nhd, tang Ki dé tri¢t ti€u sai so lau dai.
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Bang 3. 6 Luat diéu khién Ki

E\ dE NB NM NS Z PS PM PB
NB NB NB NM NM NS Z Z
NM NB NM NM NS Z Z PS
NS NM NM NS Z PS PM PM
Z NM NS Z Z Z PS PM
PS NS Z PS Z PS PM PM
PM Z PS PM PM PM PM PB
PB 4 PM PM PM PB PB PB
Vidul:

o e=27,de=Z:Hé on dinh, sai s6 nhé — co thé tdng nhe Ki dé loai bo sai s6 nho
do — AKi =Z hoac PS.

Vidu2:
e e=NB, de = NB: Sai s6 am 16n dang ting — nén giam Ki manh dé tranh tich
lily qua mirc — AKi = NB.
Vidu 3:
e e=PB, de = Z: Sai s6 duong 16n, khong doi — nén tang Ki dé triét tiéu sai sb
tinh — AKi = PB.
+ Toém lai:
e H¢ dang dao dong manh — giam Ki.

e Hg¢ 6n dinh nhung con sai s60 — tang Ki.

e Hé 6n dinh hoan toan — giit nguyén Ki.
- Luat diéu khién cho hé s6 Kd:
+ Heé sb dy dodn sai s, phan tng sém dé giam vuot qua va dao dong
+ Kd hoat dong nhu bd “phanh” — néu thay sai s6 dang ting nhanh, n6 giam diéu khién
dé tranh qua da.
+ Truong hop can ting hé s6 Kd
e Khi sai s6 dang ting nhanh (de 16n), nghia 13 banh bat dau chéch rat nhanh.
e Tiang Kd dé phan ng sém — khong dé sai s6 tiép dién.
+ Khi diéu khién:

Sinh vién thuc hién: Nguyén Doin Quang Giang vién huéng dan: TS. Tran Thi Minh Dung 41

bao Nguyén Pan



NGHIEN CUU VA THIET KE BO PIEU KHIEN THICH NGHI DUA TREN LOGIC MO CHO XE TU HANH

e Néu de 16n — ting Kd dé phan tng sém (chéng dao dong).

e Néu de nho — giam Kd dé hé khong qua cham hodc bi triét tiéu tin hiéu diéu

khién.
Bang 3. 7 Luat diéu khién Kd
E\ dE NB NM NS Z PS PM PB
NB PS V4 NS NM NM NB NB
NM V4 V4 NM NM NB NB NB
NS NS NM NB NB NB NB NB
Z NS NM NB V4 PB PM PS
PS PS PM PB PB PB PB PB
PM PM PB PB PB PB PB PB
PB PB PB PB PB PB PB PB
ViduI:

e e=2Z7, de=PB: Sai s6 dang thay d6i rat nhanh vé duong — tiang Kd dé phanh —
AKd = PB.

Vidu2:

e e=NS, de =Z: Sai s6 nho, 6n dinh — khong can vi phan manh — AKd = NB
hoac Z.

Vidu 3:

e ¢=NB, de=NB: H¢ dang chuyén dong manh ngugc lai mong mudn — tang nhe
Kd dé 6n dinh — AKd = PS hoic Z.

Tom lai:

e Dao dong manh (de 16n) — tang Kd.
e Hg¢ 6n dinh (de nho) — giam hodc giir Kd nho.
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Hinh 3. 12 Luét hop thanh cua bo diéu khién Fuzzy
- Trong bo diéu khién Fuzzy-PID, lut hop thanh Mamdani dugc str dung dé thuc hién

qua trinh suy dién mo, giup hé théng diéu chinh linh hoat va thich nghi tt véi cac didu
kién van hanh thay doi. Phuong phap nay sir dung cac luat dang "Néu... thi..." (IF—
THEN) dé mé ta moi quan hé giita cac bién vao (nhu sai s6 va dao ham sai sb) va bién
ra (nhu hé s6 diéu chinh Kp, Ki, Kd). Qu4 trinh suy dién gém cac budc: md héa bién
vao, 4p dung luat bang phép min dé xac dinh mirc do kich hoat, tong hop dau ra bang
phép max va giai mo dé dua ra gia tri diéu khién thyc. Véi kha ning mé phong gan dung
suy luan cia con nguodi, ludt Mamdani dac biét hi¢u qua trong cac hé théng diéu khién
phi tuyén va phuc tap nhu diéu khién 6n dinh téc d6 cho xe tu hanh sir dung béanh
Mecanum.

* M6 phong va danh gid két qua:

Hinh 3. 13 B0 diéu khién PID
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Hinh 3. 14 B6 diéu khién Fuzzy — PID cuta hé thong
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Hinh 3. 15 DPong luc hoc cua hé théng
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Hinh 3. 16 Két qua mo phong giira 2 bo diéu khién PID va Fuzzy — PID
- Nhan xét:

+ So sanh két qua:
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Bang 3. 8 Bang so sanh két qua giita 2 phuong phap

B diéu khién | PID Fuzzy - PID

Danh gra

Do vot 15 Kha 16n Cai thién dang ké hon

Thoi gian xac 1ap Tuong dbi 1au dé 6n dinh va duy | Pat dugc trang thai on dinh
trinh ¢ gia tri mong mudn, dao | nhanh hon, it dao dong
dong l6n

Sai sb xac lap Sai s6 xac 14p bang 0 sau khi 6n | Sai s xac 1ap bang 0 sau
dinh khi 6n dinh

+ Két luan: TUr hai biéu d6, c6 thé thdy bo diéu khién Fuzzy-PID (bén phai) cho hi¢u
suat vuot troi hon so véi bo diéu khién PID kinh dién (bén trai) trong truong hop nay,
dic biét 1a ¢ cac khia canh néu trén. Bo diéu khién Fuzzy-PID thé hién hiéu qua hon
trong vi¢c diéu khién hé théng, mang lai dap trng nhanh hon, it vot 16 hon va 6n dinh
hon so véi bo diéu khién PID kinh dién trong cac diéu kién dugc thé hién qua hai bicu
d6 nay. Piéu nay cho thay su két hop cta logic mo (Fuzzy Logic) c6 thé cai thién dang
ké hiéu suit cua bo diéu khién PID truyén thong, dic biét 1a trong viéc xir Iy cac hé

thdng phi tuyén tinh hodc c6 d6 bat dinh cao.

- Khi thay d6i tai trong dat 1én hé thdng, bo diéu khién Fuzzy - PID, cac hé théng PID
dugc diéu chinh theo thoi gian thyc dua trén luat mo dau vao 1a: sai 1éch téc do (e), dao
ham sai s6 (de/dt).

Vi du:

o Khi xe bat ddu ting thém tai trong, hé théng nhan thay van toc giam dot ngot —
sai s6 16n va dao ham 4m — hé théng mo ting Kp va Ki tirc thoi — tac dong
manh hon dén tin hiéu diéu khién — gitip co nhanh chéng vugt qua tinh ning va

on dinh tro lai.
« Nguoc lai, khi giam tai (thao hang xudng), néu hé thdng khong giam tic dong
diéu khién — c6 thé gdy ra qua tbc d6. Bo mo s& nhanh chong giam Kp, ting nhe

Kd dé hoan thién dao dong, gitip qua trinh 6n dinh nhanh hon.
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Chuwong 4: THI CONG MO HINH

-0 chuong 2 cua dd an, viéc tinh chon céc thiét bi va linh kién duoc tién hanh dya trén
cac yéu cau thuc té doi voi mot hé thong xe tw hanh (AGV) tmg dung trong cong nghiép.
Céc yéu cau nay bao gdm kha ning ché tai trong 16n (20-30 kg), hoat dong 6n dinh trén
cac dia hinh phang va c6 d6 dbc nhe, kich thuée phu hop v6i khong gian lam viée trong
nha méy hoic kho xudng, kha ning hoat dong lién tuc trong thoi gian dai (1én dén 20
gid/ngdy), thoi gian sac ngan, cing kha ning tiét kiém ning luong va dé dang bao tri.
Do d6, cac thiét bi duoc lwa chon trong giai doan nay c6 cong suit cao, do bén co khi
t6t, kha nang giao tiép cong nghiép manh mé (nhu CAN, RS485), va mic chi phi phu
hop véi céc tiéu chuan cong nghiép. Vi dy, cac dong co cong suét 16n, bd ma hoa
(encoder) chinh xac cao, bo diéu khién cong nghiép chuyén dung, va nguén cip dap ting
6n dinh dong tai 16n déu duoc can nhic sir dung. Muyc ti€u cua giai doan nay la dam bao
tinh kha thi va t6i uvu hoa vé mat ki thuat ciia mot hé théng AGV thuc té.

- Tuy nhién, dé pht hop véi pham vi va diéu kién thuc hién, trong boi canh tai nguyén
gidi han vé kinh phi, thoi gian va khong gian trién khai, hé thong duoc thiét ké lai dudi
dang mo hinh thu nhé. Trong mé hinh nay, cac thiét bi dugc luva chon sao cho van dam
bao nguyén 1y hoat dong va cau tric diéu khién co ban, nhung c6 chi phi thip hon, dé
tiép can va thuén tién trong viéc thi cong, 1ap rap ciing nhu 1ap trinh. Cu thé, hé thong
st dung cac dong co DC c6 encoder loai JGA25-371 cong suat nho, mdi dong co duoc
diéu khién riéng biét bang driver BTS7960, vi diéu khién st dung nén tang Arduino
Mega 2560 thay cho PLC hodc may tinh cong nghiép, két hop cing cac thiét bi ngoai vi
nhu module hién thi LCD 12C, cam bién lyc (loadcell) két ndi qua mach chuyén doi

HX711, va tay diéu khién khong diy qua song RF.
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4.1 So' d6 két ndi phén cirng
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Hinh 4. 1 So dd két ndi
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4.2 Luwu do thuat toan

BAT bAU

r
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SO SANH HIEN THI LCD

y

Sai léch téc do
KET THUC

FUzzy

Y 4 Y Y

TOC DO DAT TOC DO DAT TOC DO DAT TOC DO DAT
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HIEN TH|

Hinh 4. 2 Luu dd thuat toan
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4.3 Thi cong mé hinh

= el il |
Hinh 4. 5 Hoan thién mo hinh
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KET LUAN VA HUONG PHAT TRIEN

1. Kétluan

Sau qua trinh thyc hién dd an tot nghiép voi dé tai “Nghién ciru va thiét ké bo diéu
khién thich nghi dya trén logic mé cho xe tw hanh” nhém chiing em da c6 co hoi tiép
can va van dung tong hop nhiéu kién thirc chuyén nganh di hoc vao mot hé théng tng

dung thuc té, tir Iy thuyét diéu khién cho dén trién khai mo hinh phan cimng.

Thong qua qua trinh nghién ctru, sinh vién d3 nim viing duoc cac kién thirc co ban va
nang cao lién quan dén hé théng diéu khién, bao gdm: dong hoc va dong luc hoc cia xe
str dung banh xe Mecanum, k¥ thuét diéu khién PID truyén thdng va nhitng han ché cta
no, cling nhu nguyén 1y xay dung va tmg dung bo diéu khién thich nghi dya trén logic
mo. Ngoai ra, viéc tién hanh nhan dang hé thong dé xay dung mé hinh ham truyén dat
va thyc hién md phong diéu khién trén phin mém MATLAB/Simulink d3 gitip sinh vién

hiéu sau hon v€ mai lién hé gitra m6 hinh todn hoc va thuc tién van hanh hé thong.

Vé mit thuc hanh, sinh vién da thiét ké va lép rap thanh cong mo hinh thu nhoé ctua hé
théng xe tu hanh st dung 4 banh Mecanum. Hé théng c6 kha nang van hanh voi tbc do
dat va ghi nhan su thay doi tai trong, tur do hién thi thong tin 1én man hinh va phuc vu
cho viéc danh gia chat lwong diéu khién. Tuy nhién, trong khudn kho do an, do han ché
vé thoi gian, chi phi va thiét bi, dé tai méi chi ding lai ¢ viéc diéu khién van tdc tuyén
tinh trong diéu kién don gian. Cac yéu té nhu diéu hudng thong minh, dinh vi trong
khong gian, bam quy dao chinh xac hay diéu khién lyc tong hop (Fx, Fy, 1z) chua duoc
tich hop day di. Viéc trién khai thuat toan fuzzy-PID ciing méi ding lai & mtc d6 mo
phong, chua ap dung thuc nghiém truc tiép 1én mé hinh.

Tong két lai, d6 an da gitip sinh vién hiéu rd quy trinh thiét ké mot hé thong diéu khién
hoan chinh tir khau 1y thuyét dén thuc nghiém, dong thoi rén luyén dugc cac ki ning
nghién ctru, tu duy hé thong, kha ning xir Iy k¥ thuat va lap trinh nhing. Pay 1a budc
chuan bi quan trong cho viéc tiép can cac hé thong tu dong hoa phirc tap hon trong moi

truong cong nghiép thuc té sau nay.
2. Hudng phét trién

Sau khi hoan thanh dy an "Nghién ctru va thiét ké bo diéu khién thich nghi dya trén
logic md cho xe tw hanh", nhém nhén thay vin con nhiéu tiém ning dé tiép tuc mo
rong, hoan thién va ning cao tinh ning thuc thi tng dung cua hé théng. Mot s kha

ning phat trién dinh hudng trong cac thanh phan twong lai:
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Tich hop dinh vi va diéu huéng thong minh (SLAM, GPS, Camera): M& rong hé thong
bang cach tich hop cac dinh vi thuat toan va ban dd héa dong thoi (SLAM) két hop véi
bién cam ung Lidar hodc camera, cho phép xe tu dong xac dinh vi tri va chuyén trong

moi trudng ma rong, phire tap ma khong can c6 dinh duong dan.

- Uu tién diéu khién thong minh: Hién tai hé thong sir dung hai cap d6 diéu khién Fuzzy-

PID, c6 thé phat trién cac phuong phap nang cao diéu khién t6i wu nhu:
+ Ty dong diéu chinh mo

+ Két hop mo Mang than kinh hodc GA (Thuat toan di truyén) dé tu dong tdi uu hoa

tham soO.

+ MPC (Model Predictive Control) két hop Fuzzy nhim muc tiéu mong doi va xir Iy tot
hon cac van dé c6 téc do cham, tai thay doi.

- Ung dung vao mo hinh thuc té quy mé 16n hon: Khong chi ding lai & mo hinh thtr
nghiém nho, hé thong c6 thé duoc phét trién dé mg dung véo cac kho hang thong minh,
xudng san xuat ty dong hoa, v4i kha niang diéu phdi nhiéu AGV cung luc thong qua
mang truyén thong (CAN, MQTT, ROS...).

- Phét trién giao dién diéu khién tir xa va giam sat thoi gian thyc: Xay dung mot giao
dién giam sat (HMI/Web app) dé theo ddi trang thai xe, vi tri, canh bao 15i... tir xa thong
qua mang WiFi hodc 4G.

- Néng lugng wu tién: Thir nghiém bo sung ning lwong quan 1y thuat toan va ché do nga
thong minh, nang cao thoi gian van hanh cua xe t6i vu ma khong can ting dung luong

pin.

- Néng cip phan cimg — truyén hé thdng: Thay thé dong co DC thong thudng bang dong
co ¢6 toc do tiép theo cao hon (BLDC + Chinh xac b ma hoa), gitip ting kha ning phan

g ctia hé thong trong moi truong diéu kién thay doi xung dot.
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PHU LUC

#include <PID_v1.h> // Thu vién PID cua Brett Beauregard
#include <HX711.h> // Thu vién cho Loadcell Module HX711
#include <Wire.h> // Thu vién cho giao tiép 12C

#include <LiquidCrystal 12C.h>// Thu vién cho LCD 12C

#include <PS2X_lib.h.h>  // Thu vién cho tay cdm PS2 (Pam bao tén file chinh

X4c)

// --- DINH NGHIA CAC CHAN & THONG SO CO BAN ---

// Chan Encoder (vi du cho 4 banh) - St dung Interrupts cho dd chinh xac cao
const byte ENCODER FL A =2;// Front Left - Chan Interrupt 0 (Digital Pin 2)
const byte ENCODER FL B = 20; // Chan Digital (PCINT hodc doc thuong)

const byte ENCODER FR A = 3; // Front Right - Chan Interrupt 1 (Digital Pin
3)

const byte ENCODER FR B =21;

const byte ENCODER RL A = 18; // Rear Left - Chan Interrupt 5 (Digital Pin
18)

const byte ENCODER RL B =22;

const byte ENCODER RR_A =19; // Rear Right - Chan Interrupt 4 (Digital Pin
19)

const byte ENCODER RR B =23;

// Chan diéu khién dong co (vi du duing PWM va huéng)
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const byte MOTOR _FL PWM = 4;
const byte MOTOR_FL DIR1 =5;

const byte MOTOR_FL DIR2 = 6;

const byte MOTOR_FR PWM =7;
const byte MOTOR_FR DIRI =§;

const byte MOTOR _FR DIR2 =9;

const byte MOTOR _RL PWM = 10;
const byte MOTOR _RL DIR1 =11;

const byte MOTOR_RL_DIR2 = 12;

const byte MOTOR RR PWM = 13;
const byte MOTOR _RR DIRI1 = 14;

const byte MOTOR_RR DIR2 = 15;

// Chan cho Loadcell HX711
const byte LOADCELL DOUT PIN = 24;

const byte LOADCELL SCK PIN = 26;

// Pia chi 12C caa LCD va kich thudce
const int LCD 12C_ADDRESS = 0x27;
const int LCD COLS = 16;

const int LCD ROWS = 2;
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// Chan cho tay cAm PS2

#define PS2_DAT 31 // DI (Data)
#define PS2_ CMD 30 // DO (Command)
#define PS2_SEL 28 // CS (Attention)

#define PS2 CLK 29 // CLK (Clock)

// Ché do tay cam PS2 (analog hoic digital)
#define PS2. MODE_ANALOG 0x01

#define PS2. MODE_DIGITAL 0x00

// Thoéng s6 xe Mecanum

const float WHEEL RADIUS = 0.05;
const float ROBOT LENGTH = 0.3;
const float ROBOT WIDTH = 0.25;

const float ENCODER CPR =480.0;

// Gidi han toc d6 dong co va robot (co thé diéu chinh)

const float MAX WHEEL SPEED RAD S=10.0;// Max speed for each wheel

in rad/s

const float MAX ROBOT VX = 0.5; // Max robot forward/backward speed in

m/s

const float MAX ROBOT_VY =0.5; // Max robot strafe speed in m/s

const float MAX ROBOT_ OMEGA = 2.0; // Max robot angular speed in rad/s
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// --- BIEN TOAN CUC ---

// Bién dém Encoder

volatile long encoderCountFL = 0;
volatile long encoderCountFR = 0;
volatile long encoderCountRL = 0;

volatile long encoderCountRR = 0;

// Thoi gian do toc do
unsigned long prevMillis = 0;

const unsigned long MEASURE_INTERVAL MS = 50; // Tan suat do toc do va
cap nhat PID (ms)

const unsigned long LOADCELL READ INTERVAL MS = 500; / Tan suat
doc loadcell (ms)

unsigned long prevLoadcellMillis = 0;
const unsigned long PS2. READ INTERVAL_MS = 50; // Tan sut doc PS2 (ms)

unsigned long prevPS2Millis = 0;

// Tc d6 thuc té (rad/s)

double actualSpeedFL = 0;
double actualSpeedFR = 0;
double actualSpeedRL = 0;

double actualSpeedRR = 0;

// Téc 46 mong mudn cho timg banh (dau ra ciia Fuzzy-PID hoic PS2)

double desiredSpeedFL = 0;
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double desiredSpeedFR = 0;
double desiredSpeedRL = 0;

double desiredSpeedRR = 0;

// Céc bién cho PID cip thap (cho timg dong co)
double Kp low =2.0, Ki_low = 0.5, Kd low =0.1;

double outputFL, outputFR, outputRL, outputRR;

// Khéi tao cac dbi tuong PID cho timg banh xe

PID pidFL(&actualSpeedFL, &outputFL, &desiredSpeedFL, Kp low, Ki low,
Kd low, DIRECT);

PID pidFR(&actualSpeedFR, &outputFR, &desiredSpeedFR, Kp low, Ki low,
Kd low, DIRECT);

PID pidRL(&actualSpeedRL, &outputRL, &desiredSpeedRL, Kp low, Ki low,
Kd low, DIRECT);

PID pidRR(&actualSpeedRR, &outputRR, &desiredSpeedRR, Kp low, Ki_low,
Kd low, DIRECT);

// Cac bién cho Fuzzy-PID (cip cao)
double vehicle vx desired = 0.0;
double vehicle vy desired = 0.0;

double vehicle omega desired = 0.0;

double current _error x = 0;

double current error y = 0;
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double current_error theta = 0;

double prev_error x = 0;
double prev_error y = 0;

double prev_error theta = 0;

double Kp fuzzy x, Ki fuzzy x, Kd fuzzy x;
double Kp fuzzy y, Ki fuzzy y, Kd fuzzy y;

double Kp fuzzy omega, Ki_fuzzy omega, Kd fuzzy omega;

// Dbi tuong Loadcell
HX711 scale;
float calibration_factor = -104500; / HIEU CHUAN LAI GIA TRI NAY

float current load kg =0.0;

// Dbi tugng LCD

LiquidCrystal 12C led(LCD I2C_ADDRESS, LCD COLS, LCD ROWS);

// Dbi tuong PS2X

PS2X ps2x;

int PS2_error = 0; // 0 = no error, 1 =no controller, 2 = no communication
bool ps2_connected = false; // Trang thai két ndi PS2

bool autonomous_mode = true; // Ché do tu hanh (true) hodc diéu khién bing tay
(false)
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// --- CAC HAM XU LY INTERRUPT CHO ENCODER ---
void ISR _Encoder FL_A() {
if (digitalRead(ENCODER_FL B)==LOW) {
encoderCountFL++;
} else {

encoderCountFL--;

}
}

void ISR _Encoder FR A() {
if (digitalRead(ENCODER_FR_B) == HIGH) {
encoderCountFR++;
} else {

encoderCountFR--;

}
b

void ISR _Encoder RL A() {
if (digitalRead(ENCODER_RL B)=LOW) {
encoderCountRL++;
} else {

encoderCountRL--;

}
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void ISR _Encoder RR_A() {
if (digitalRead(ENCODER_RR B) == HIGH) {
encoderCountRR++;
} else {

encoderCountRR--;

}
}

// --- HAM KHOI TAO ---
void setup() {
Serial.begin(115200);

lcd.init();
lcd.backlight();
led.print("Robot Init...");
lcd.setCursor(0, 1);

led.print("Loading modules");

// Cau hinh chan dong co

pinMode(MOTOR_FL PWM, OUTPUT); pinMode(MOTOR FL DIRI,
OUTPUT); pinMode(MOTOR_FL_DIR2, OUTPUT);

pinMode(MOTOR_FR_PWM, OUTPUT); pinMode(MOTOR FR DIRI,
OUTPUT); pinMode(MOTOR_FR_DIR2, OUTPUT);

Phu luc 8



pinMode(MOTOR_RL PWM, OUTPUT); pinMode(MOTOR_RL_DIRI,
OUTPUT); pinMode(MOTOR_RL_DIR2, OUTPUT);

pinMode(MOTOR_RR PWM, OUTPUT); pinMode(MOTOR RR_DIRI,
OUTPUT); pinMode(MOTOR_RR_DIR2, OUTPUT);

// Céu hinh chan Encoder va gén Interrupts

pinMode(ENCODER_FL A, INPUT PULLUP); pinMode(ENCODER FL B,
INPUT _PULLUP); attachInterrupt(digitalPinTolnterrupt(ENCODER_FL_A),
ISR _Encoder FL. A, RISING);

pinMode(ENCODER_FR_A,INPUT PULLUP); pinMode(ENCODER_FR_B,
INPUT PULLUP); attachInterrupt(digitalPinToIlnterrupt(ENCODER_FR _A),
ISR Encoder FR_A, RISING);

pinMode(ENCODER_RL A, INPUT PULLUP); pinMode(ENCODER_RL B,
INPUT PULLUP); attachInterrupt(digitalPinTolnterrupt(ENCODER RL A),
ISR _Encoder RL A, RISING);

pinMode(ENCODER_RR A, INPUT PULLUP); pinMode(ENCODER _RR B,
INPUT PULLUP); attachInterrupt(digitalPinTolnterrupt(ENCODER RR A),
ISR _Encoder RR_A, RISING);

// Thiét 1ap ché d6 cho cac bd PID cap thap

pidFL.SetMode(AUTOMATIC):; pidFR.SetMode(AUTOMATIC):;
pidRL.SetMode(AUTOMATIC); pidRR.SetMode(AUTOMATIC);

pidFL.SetOutputLimits(-255, 255); pidFR.SetOutputLimits(-255, 255);
pidRL.SetOutputLimits(-255, 255); pidRR.SetOutputLimits(-255, 255);

pidFL.SetSampleTime(MEASURE INTERVAL MS);
pidFR.SetSampleTime(MEASURE INTERVAL MS);
pidRL.SetSampleTime(MEASURE INTERVAL MS);
pidRR.SetSampleTime(MEASURE INTERVAL MS);
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// Khéi tao cic tham sd PID mo ban dau
Kp fuzzy x=1.0; Ki fuzzy x=0.01; Kd fuzzy x=0.0;
Kp fuzzy y=1.0; Ki_fuzzy y=0.01; Kd fuzzy y=0.0;

Kp fuzzy omega =1.0; Ki_fuzzy omega=0.01; Kd fuzzy omega = 0.0;

// Khot tao HX711
scale.begin(LOADCELL DOUT PIN, LOADCELL SCK PIN);
scale.set_scale(calibration factor);

scale.tare();

// Khot tao PS2 Controller

PS2 error = ps2x.config gamepad(PS2 CLK, PS2 CMD, PS2 SEL,
PS2 DAT, true, false); / Analog mode, no rumble

if (PS2_error ==0) {
Serial.println("PS2 Controller found and configured.");
ps2 connected = true;
led.setCursor(0, 1);
led.print("PS2 Ready ");
delay(500);
} else if (PS2_error==1) {
Serial.println("No PS2 Controller found. Check wiring.");
led.setCursor(0, 1);

led.print("PS2 not found! ");
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} else if (PS2_error ==2) {

Serial.println("No communication with PS2. Check power/mode.");

led.setCursor(0, 1);

lcd.print("PS2 No Comm!
b

")

delay(1000); // Doi dé thong bao PS2

lcd.clear();
led.print("System Ready!");

lcd.setCursor(0,1);

led.print("Mode: Autonomous");

Serial.println("System Initialized.");

}

// --- HAM VONG LAP CHINH ---

void loop() {

unsigned long currentMillis = millis();

// 1. Cép nhat tbc do thuc té cta timg banh (ludn chay)

if (currentMillis - prevMillis >= MEASURE INTERVAL MS) {

nolnterrupts();

long currentEncoderFL

encoderCountFR;

long currentEncoderRL

encoderCountRR;
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encoderCountFL. = 0; encoderCountFR = 0; encoderCountRL = O0;
encoderCountRR = 0;

interrupts();

actualSpeedFL = (double)currentEncoderFL / ENCODER CPR * (1000.0 /
MEASURE INTERVAL MS) * (2 * PI);

actualSpeedFR = (double)currentEncoderFR / ENCODER CPR * (1000.0 /
MEASURE INTERVAL MS) * (2 * PI);

actualSpeedRL = (double)currentEncoderRL / ENCODER CPR * (1000.0 /
MEASURE INTERVAL MS) * (2 * PI);

actualSpeedRR = (double)currentEncoderRR / ENCODER CPR * (1000.0 /
MEASURE INTERVAL MS) * (2 * PI);

prevMillis = currentMillis;

/I --- Cap nhat van tdc mong mudn dua trén ché do ---
if (autonomous_mode) {
// Ché do ty hanh: Str dung logic Fuzzy-PID

// Ban can c6 thong tin current vehicle vx, vy, omega thuc té& tur
IMU/Odometry & day

double current vehicle vx =0.0; // Placeholder
double current_vehicle vy = 0.0; // Placeholder

double current vehicle omega = 0.0; // Placeholder

// Dé demo, xe ty hanh mudn tién thang véi toc d6 0.2 m/s

// Hodc dua trén thong tin tai
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if (current load kg>0.1) {
vehicle vx_ desired = 0.1;
} else {
vehicle vx_ desired = 0.2;
b
vehicle vy desired = 0.0;

vehicle omega desired =0.0;

current_error_x = vehicle vx desired - current vehicle vx;
current_error y = vehicle vy desired - current vehicle vy;

current_error theta = vehicle omega desired - current vehicle omega;

double delta_error_x = current error_x - prev_error_X;
double delta_error y = current error y - prev_error y;

double delta error theta = current error theta - prev_error theta;

prev_error X = current error X,
prev_error y = current error Yy,

prev_error_theta = current_error_theta;

calculateFuzzyPIDGains(current_error x, delta_error x, &Kp fuzzy x,
&Ki fuzzy x, &Kd fuzzy x);

calculateFuzzyPIDGains(current_error y, delta_error y, &Kp fuzzy vy,
&Ki fuzzy y, &Kd fuzzy y);
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calculateFuzzyPIDGains(current error theta, delta error theta,

&Kp fuzzy omega, &Ki fuzzy omega, &Kd fuzzy omega);

double output vx = Kp fuzzy x * current error x + Ki fuzzy x *
(current_error x + prev_error_x) * (MEASURE _INTERVAL MS / 1000.0) +
Kd fuzzy x * delta_error x / (MEASURE INTERVAL MS/1000.0);

double output vy = Kp fuzzy y * current error y + Ki fuzzy y *
(current_error y + prev_error y) * (MEASURE INTERVAL MS / 1000.0) +
Kd fuzzy y * delta_error y / (MEASURE INTERVAL MS/1000.0);

double output omega = Kp fuzzy omega * current error theta +
Ki fuzzy omega * (current error theta @ +  prev _error theta) *
(MEASURE INTERVAL MS/1000.0) +Kd fuzzy omega * delta error theta
/ (MEASURE INTERVAL MS/1000.0);

/I --- Bong hoc nghich ddo (Inverse Kinematics) cua Mecanum ---

desiredSpeedFL = (1.0 / WHEEL RADIUS) * (output vx - output vy -
(ROBOT LENGTH + ROBOT WIDTH) * output_omega);

desiredSpeedFR = (1.0 / WHEEL RADIUS) * (output vx + output vy +
(ROBOT _LENGTH + ROBOT WIDTH) * output omega);

desiredSpeedRL = (1.0 / WHEEL RADIUS) * (output vx + output vy -
(ROBOT _LENGTH + ROBOT WIDTH) * output omega);

desiredSpeedRR = (1.0 / WHEEL RADIUS) * (output vx - output vy +
(ROBOT LENGTH + ROBOT WIDTH) * output_omega);

} else {

// Ché do diéu khién bang tay (PS2): desiredSpeedFL/FR/RL/RR d3 duoc tinh
& phan doc PS2

// Khong can tinh toan Fuzzy-PID & ddy, chi can dung gi4 tri tir PS2
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// Pam bao vehicle vx_desired, vy, omega = 0 dé tranh xung dot véi diéu
khién ty hanh

vehicle vx_desired = 0;
vehicle vy desired = 0;
vehicle omega desired = 0;

b

// G161 han toc d0 mong mudn cua banh xe

desiredSpeedFL = constrain(desiredSpeedFL, -
MAX WHEEL SPEED RAD S, MAX WHEEL SPEED RAD S);

desiredSpeedFR = constrain(desiredSpeedFR, -
MAX WHEEL SPEED RAD S, MAX WHEEL SPEED RAD S);

desiredSpeedRL = constrain(desiredSpeedRL, -
MAX WHEEL SPEED RAD S, MAX WHEEL SPEED RAD S);

desiredSpeedRR = constrain(desiredSpeedRR, -
MAX WHEEL SPEED RAD S, MAX WHEEL SPEED RAD S);

// --- 3. B diéu khién PID (Céap thap) cho ting dong co ---
pidFL.Compute();
pidFR.Compute();
pidRL.Compute();

pidRR.Compute();

// --- 4. Biéu khién dong co ---
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setMotorSpeed(MOTOR_FL PWM, MOTOR_FL DIRI,
MOTOR_FL DIR2, outputFL);

setMotorSpeed MOTOR_FR PWM, MOTOR _FR DIRI,
MOTOR_FR DIR2, outputFR);

setMotorSpeed MOTOR RL PWM, MOTOR RL DIRI,
MOTOR_RL DIR2, outputRL);

setMotorSpeed MOTOR_RR PWM, MOTOR_RR DIRI,
MOTOR RR_DIR2, outputRR);

// --- G& 16i (Debug) trén Serial ---

Serial.print("Mode: "); Serial.print(autonomous mode ? "AUTO"
"MANUAL");

Serial.print("\tDesired FL: "); Serial.print(desiredSpeedFL, 2);
Serial.print("\tActual FL: "); Serial.print(actualSpeedFL, 2);

Serial.print("\tOutput FL: "); Serial.println(outputFL, 2);

// Serial.print("KpX: "); Serial.print(Kp_fuzzy x, 3);
// Serial.print("\tKiX: "); Serial.print(Ki_fuzzy x, 3);
// Serial.print("\tKdX: "); Serial.printin(Kd_fuzzy x, 3);

// Serial.println("---");

//' 5. Poc va hién thi gia tri Loadcell (it thuong xuyén hon)

if (currentMillis - prevLoadcellMillis >=
LOADCELL READ INTERVAL MYS) {

if (scale.is_ready()) {
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current_load kg = scale.get units(5);

/I Serial.print("Load: "); Serial.print(current load kg, 3); Serial.println("
kg");

// Hién thi 1én LCD
led.setCursor(0, 0);
lcd.print("Load: ");
led.print(current load kg, 2);

led.print(" kg ");

lcd.setCursor(0, 1);

lcd.print("Mode: ");

lcd.print(autonomous_mode ? "TAUTO" : "MANUAL");
led.print(" "); // X6a ky tu thira

} else {

// Serial.printin("HX711 not ready!");

lcd.setCursor(0, 1);

led.print("HX711 error!");

}

prevLoadcellMillis = currentMillis;

}

// 6. Doc tin hiéu tir PS2 Controller

if  (ps2 connected &&  (currentMillis - prevPS2Millis  >=
PS2 READ INTERVAL MY)) {
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ps2x.read gamepad(false, 0); // Poc gamepad, khong rumble

// Chuyén d6i ché do diéu khién (vi dy: nt START)

if (ps2x.ButtonPressed(PSB_START)) {

autonomous_mode = lautonomous_mode;

led.clear();

lcd.setCursor(0,0);

led.print("Mode Switched");

led.setCursor(0,1);

lcd.print(autonomous_mode ? "Autonomous" : "Manual Control");
delay(1000); // Poi dé ngudi dung nhin thay théng bao

lcd.clear();

if (lautonomous_mode) { // Chi diéu khién bang PS2 khi & ché do Manual

// Poc gia tri tir can analog (Left stick for movement, Right stick for rotation)
// Gia tri tir 0-255, can chuyén vé -127 dén 127 hoic -1 dén 1

int LX = ps2x.Analog(PSS_LX); // Trai/Phai ctia can trai

int LY = ps2x.Analog(PSS_LY); / Lén/Xudng cta can trai

int RX = ps2x.Analog(PSS_RX); // Trai/Phai cia can phai

// Chuyén doi tir 0-255 sang -1.0 dén 1.0 (trir di 127 dé c¢6 0 & giira)

// Va sau d6 nhan véi MAX_ROBOT_SPEED dé c6 van tdc mong mudn thyc
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double cmd vx =map(LY, 0, 255, 127, -127) / 127.0 * MAX ROBOT VX;
/I LY: 127 = stop, 0 = max fwd, 255 = max bwd

double cmd vy = map(LX, 0, 255, -127, 127) / 127.0 * MAX _ROBOT _VY;
/I LX: 127 = stop, 0 = max left, 255 = max right

double cmd omega = map(RX, 0, 255, -127, 127) / 127.0 *
MAX ROBOT OMEGA; // RX: 127 = stop, 0 = max CCW, 255 = max CW

// X1t Iy Deadzone cho can analog (tranh troi robot khi can & vi trf gitra)
if (abs(LX - 127) < 10) cmd vy =0;
if (abs(LY - 127) <10) cmd vx =0;

if (abs(RX - 127) < 10) cmd_omega = 0;

// Tinh toan toc d6 banh xe tir van tdc robot mong mudn (Péng hoc nghich
dao)

desiredSpeedFL = (1.0 / WHEEL RADIUS) * (cmd vx - cmd vy -
(ROBOT _LENGTH + ROBOT WIDTH) * cmd omega);

desiredSpeedFR = (1.0 / WHEEL RADIUS) * (cmd vx + cmd vy +
(ROBOT_LENGTH + ROBOT _WIDTH) * cmd_omega);

desiredSpeedRL = (1.0 / WHEEL RADIUS) * (cmd vx + cmd vy -
(ROBOT_LENGTH + ROBOT _WIDTH) * cmd_omega);

desiredSpeedRR = (1.0 / WHEEL RADIUS) * (cmd vx - cmd vy +
(ROBOT _LENGTH + ROBOT WIDTH) * cmd omega);

// In ra gia tri PS2 dé debug

// Serial.print("PS2 LX: "); Serial.print(LX); Serial.print(" LY: ");
Serial.print(LY); Serial.print(" RX: "); Serial.println(RX);
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/I Serial.print("Cmd VX: "); Serial.print(cmd_vx); Serial.print(" VY:

Serial.print(cmd_vy); Serial.print(" Omega: "); Serial.printin(cmd omega);
} else {
// Khi & ché @6 tu hanh, dam bao cac bién diéu khién thu cong bang 0
desiredSpeedFL = 0;
desiredSpeedFR = 0;
desiredSpeedRL = 0;
desiredSpeedRR = 0;
b
ps2x.cleardata(); // X6a bo dém dir li¢u PS2

prevPS2Millis = currentMillis;
b

// Nhan 1énh tir Serial/Bluetooth dé diéu khién xe hodc thay doi ché do
if (Serial.available() > 0) {
String command = Serial.readStringUntil("\n");
command.trim();
if (command == "forward") {
autonomous_mode = true; // Chuyén sang tu hanh
vehicle vx_desired = 0.5;
vehicle vy desired = 0;
vehicle omega desired = 0;
} else if (command == "stop") {

vehicle vx_desired = 0;
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vehicle vy desired = 0;
vehicle omega desired = 0;
} else if (command == "tare loadcell") {
if (scale.is_ready()) {
scale.tare();
Serial.println("Loadcell tared!");
led.clear(); led.print("Loadcell Tared!"); delay(1000); lcd.clear();
} else { Serial.println("HX711 not ready to tare!"); }
} else if (command == "manual") {
autonomous_mode = false;
led.clear(); led.print("Mode: Manual"); delay(500); lcd.clear();
} else if (command == "auto") {
autonomous_mode = true;

lcd.clear(); led.print("Mode: Autonomous"); delay(500); lcd.clear();

b
}
b

// --- HAM PIEU KHIEN BDONG CO ---

void setMotorSpeed(byte pwmPin, byte dir1 Pin, byte dir2Pin, double pwmValue)
{

int absPwm = abs((int)pwmValue);

absPwm = constrain(absPwm, 0, 255);
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if (pwmValue > 0) {
digital Write(dir1 Pin, HIGH);
digital Write(dir2Pin, LOW);
} else if (pwmValue <0) {
digitalWrite(dir1Pin, LOW);
digital Write(dir2Pin, HIGH);
} else {
digitalWrite(dir1Pin, LOW);
digital Write(dir2Pin, LOW);
}

analogWrite(pwmPin, absPwm);

// --- HAM GIA PINH LOGIC MO BE PIEU CHINH Kp, Ki, Kd ---

void calculateFuzzyPIDGains(double error, double delta error, double *Kp out,
double *Ki out, double *Kd out) {

// Logic m¢ dya trén error va delta_error

if (abs(error) < 0.05 && abs(delta error) <0.01) {
*Kp_out =1.0; *Ki_out =0.05; *Kd out=0.1;

} else if (abs(error) > 0.5) {
*Kp out =2.5; *Ki out=0.01; *Kd out=0.2;

} else {
*Kp out =1.5; *Ki out =0.02; *Kd out=0.15;

}
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// Piéu chinh thém duya trén tai trong
const float LIGHT LOAD THRESHOLD =0.1;
const float MEDIUM_LOAD THRESHOLD = 1.0;

const float HEAVY LOAD_THRESHOLD = 5.0;

if (current _load kg > LIGHT LOAD THRESHOLD) {
if (current load kg <= MEDIUM_LOAD THRESHOLD) {
*Kp_out *=1.1; *Ki_out *= 1.05; *Kd_out *= 0.95;

} else if (current load kg > MEDIUM LOAD THRESHOLD
current load kg <=HEAVY LOAD THRESHOLD) {

*Kp_out *=1.2; *Ki_out *=1.1; *Kd_out *=0.9;
} else {

*Kp_out *=1.3; *Ki_out *=1.15; *Kd_out *= 0.8;

j

*Kp_out = constrain(*Kp_out, 0.5, 5.0);
*Ki_out = constrain(*Ki_out, 0.001, 0.5);
*Kd_out = constrain(*Kd_out, 0.0, 1.0);

}

Phu luc
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function ¢_ddot = MWMR Dynamics Full(tau, q_dot, incline_angle,Mt)
% Inputs:
% tau: 4x1 vector - mémen diéu khién timg banh xe
% q dot: 3x1 vector - van toc [x_dot; y_dot; phi_dot]

% incline_angle: 2x1 vector - gbc nghiéng [alpha; beta] (radian)

%% Thong s6 vt Iy

mb = Mt +10 ; % khdi lugng than robot (kg)
mw =1 ; % khoi luong mdi banh xe (kg)
r=0.05; % ban kinh banh xe (m)

L=0.3; % ntra chiéu dai robot (m)

d=0.2; % nira chiéu rong robot (m)

Jw=0.01; % moment quén tinh banh xe (kg.m”2)

Jb=1.5; % moment quan tinh than robot (kg.m”"2)
g=9.81; % gia toc trong trudong (m/s"2)
mu = 0.1; % hé sb6 ma sat

%% Tinh cac dai lugng
%A, B
A=mw* "2 *(L+d)*2)/@* (L +d)"2);

B=(mw* "2 *L*(L+d)/@*(L+d)2);

% Momen quan tinh toan h¢
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J=1Tb+4*mw * (L2 + d"2) + 4 * Jw;

%% Ma tran M (dong hoc dong luc hoc)
Job =mw * (L"2 + d"2);
M=[A+B+Job, -B, -A, B;

-B, A+B+Job, B, -A;

-A, B, A+B+Job, -B;
B, -A, -B, A +B+Job];
%% Ma tran H

factor=1/(4 * (L +d));

H = factor * r * |
(L +2*d), (L +2*d), L, L;
(L +2*d), (L +2*d), L, L;
L, L, (L+2*d),(L+2*d);

L, L, (L+2*d),(L+2*d)

%% Ma tran K

K = diag([-1, -1, -1, -1]);

%% MatranJ R
JR=(1/r)*]

13 '13 _(L+d)9
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1, 1, (L +d);
17 17_(L+d)7

1,-1, (L+d)

%% Van tdc banh xe

phi dot=J R * q dot; % 4x1

%% Ma sat
N=(mb+4*mw) * g/4; % tai trong mdi banh
Fms =N * mu * sign(phi_dot); % ma sat tiép xtic

FLms =N * mu * sign(phi_dot); % ma sat con lan

fms = Fms; % 4x1

fLms = FLms; % 4x1

%% Cac luc
friction_force =H * fLms + K * fms; % 4x1

control force = tau; % 4x1

%% Luc téng trong hé toa do robot

net force body =J R'* (control force - friction force); % 3x1

%% Luc trong lyc theo mat nghiéng
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alpha = incline angle(1); % rad
beta = incline angle(2); % rad
M total = mb + 4*mw;

gravity force = [M_total*g*sin(alpha); M _total*g*sin(beta); 0]; % 3x1

%% Ma tran khéi luong robot

Mr = diag([M_total, M_total, J]);
%% Gia téc q_ddot

q_ddot = Mr \ (net_force body + gravity force); % 3x1

end
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function omega = wheelSpeedsFromForce(Fx, tau z, dt,M)
%t#codegen

% MO0 phong van tdc banh xe tir luc PID, khéi dau tir 0, tang dan néu luc duong,

giam dan néu am

%% --- Trang thai van tdc ---

persistent v_body initialized

if isempty(initialized)
v_body = zeros(3,1); % [v_x; v_y; omega z] khéi dau=0
initialized = true;

end

%% --- Thong s robot ---

m b=10+M; % kg - khéi luong than xe

m w=1; % kg - khdi lugng banh

r =0.05; % m - ban kinh banh xe

L =0.3; %m -nitachiéu dai

d =0.2; %m - nua chiéu ron

J b=1.5; % kg.m”™2 - moment quan tinh than

J w=0.01; % kg.m"2 - moment quan tinh mdi banh

Fy=0;
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%% --- Tinh téng khéi lwong va quan tinh ---
M total=m b+4*m w;
J total=J b+4*(J w+m w*(([L"2+d"2));

M _dyn = diag([M_total, M total, J total]);

%% --- Gia tdc tuyén tinh & gbc ---
F = [Fx; Fy; tau_z];

a body =M dyn\F;

%% --- Cap nhat van tbc than xe ---
fori=1:3

delta v=a body(i) * dt;

if v_body(i) ==
if delta v>0
v_body(i) = v_body(i) + delta v;
end
else
if sign(delta v) == sign(v_body(1))
v_body(i) = v_body(i) + delta v;
else
if abs(delta_v) < abs(v_body(i))
v_body(i) = v_body(i) + delta v;

else
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v_body(i) = 0;
end
end
end

end

%% --- Ma tran dong hoc dao ---
a=L+d;

T inv=(1/r) * [

1, -1, -a;
I, 1, a;
1, 1, -a;
I,-1, a

%% --- Tinh toc d6 goc timg banh ---
omega =T inv * v_body;

end

function tau = ComputeTorquel Wheel(omega)

% Tinh mémen ctia 1 banh tir van tdc goc

% Pau vao:

% omega - van tdc gbc hién tai cia banh xe (rad/s)

% Dau ra:
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% tau - momen (Nm)

% Thong sb dong hoc banh xe
Jw=0.001; % moment quan tinh ciia banh xe (kg.m"2)

dt=0.01; % thoi gian mau (s)

% Bién luu trang thai omega trudc do

persistent omega_prev

if isempty(omega_prev)
omega prev = 0;

end

% Tinh gia téc goc

alpha = (omega - omega prev) / dt;

% Tinh momen tur alpha

tau = Jw * alpha;

% Cap nhat omega trudc do
omega prev = omega;
end

function q_ddot = MWMR_ Dynamics_Full(tau, q_dot, incline angle,Mt)
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% Inputs:
% tau: 4x1 vector - mémen diéu khién timg banh xe
% q_dot: 3x1 vector - van toc [x_dot; y_dot; phi_dot]

% incline_angle: 2x1 vector - gbc nghiéng [alpha; beta] (radian)

%% Thong s6 vt Iy

mb =Mt +10 ; % khéi luong than robot (kg)
mw=1; % khdi luong mdi banh xe (kg)
r=0.05; % ban kinh banh xe (m)

L=0.3; % ntra chiéu dai robot (m)

d=0.2; % nira chiéu rong robot (m)

Jw=0.01; % moment quén tinh banh xe (kg.m"2)

Jb=1.5; % moment quan tinh than robot (kg.m”2)
g=9.81; % gia toc trong trudong (m/s"2)
mu = 0.1; % hé sb6 ma sat

%% Tinh cac dai lugng
%A, B
A=mw* "2 *(L+d)"2)/@* (L +d)"2);

B=(mw*r2*L*(L+d)/@*L~+d)y2):

% Momen quan tinh toan h¢

J=1Tb+4*mw * (L2 + d"2) + 4 * Jw;
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%% Ma tran M (dong hoc dong luc hoc)
Job =mw * (L2 + d"2);
M=[A+B+Job, -B, -A, B;

-B, A+B+Job, B, -A;

-A, B, A+B+Job, -B;
B, -A, -B, A+B+Job];
%% Ma tran H

factor=1/(4 * (L + d));
H = factor * r * |
(L +2*d), (L+2*d), L, L;
(L +2*d), (L+2*d), L, L;
L, L, (L+2*d),(L+2*d);

L, L, (L+2*d),(L+2%d)

%% Ma tran K

K = diag([-1, -1, -1, -1]);

%% MatranJ R

JR=(1/1r)*[
1, -1, -(L +d);
I, 1, (L+d);

13 17 _(L+d)7
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1,-1, (L+d)

%% Van tdc banh xe

phi dot=J R * q dot; % 4x1

%% Ma sat
N=(mb +4*mw) * g/4; % tai trong mdi banh
Fms =N * mu * sign(phi_dot); % ma sat tiép xtic

FLms =N * mu * sign(phi_dot); % ma sat con lan

fms = Fms; % 4x1

fLms = FLms; % 4x1

%% Cac luc
friction_force =H * fLms + K * fms; % 4x1

control force = tau; % 4x1

%% Luc téng trong hé toa do robot

net force body =J R'* (control force - friction force); % 3x1

%% Luc trong lyc theo mat nghiéng
alpha = incline angle(1); % rad

beta = incline _angle(2); % rad
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M total = mb + 4*mw;

gravity force = [M_total*g*sin(alpha); M _total*g*sin(beta); 0]; % 3x1

%% Ma tran khéi luong robot

Mr = diag([M_total, M_total, J]);
%% Gia téc q_ddot

q_ddot = Mr\ (net_force body + gravity force); % 3x1

end
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Danh séch thiét bi

Céc linh kién st dung trong AGV Robot mong mudn

1. Bong co Encoder JGA25-371

Hang s6 dién ap

0.91 V/(rad/s)

Thoéng s6 ky thuat Gia tri Hinh anh thuc té
Dién ap dinh muic 12V

Dong dién khong tai 46 mA

Dong dién dinh muc 300 mA

Tbc d6 quay dinh muc 100 rpm

Hang s momen 0.412 N.m ol

2. Loadcell 50kg va mach chuyén doi HX711

co Encoder JGA25-371

Thong sb k¥ thuat

Gia tri

Hinh anh thuc té

Tai trong tdi da

50kg

Tin hiéu dau ra

khoang ImV/V — 2mV/V

Nguén hoat dong

S5VDC

D0 phan giai ADC cua
HX711

24 bits

Giao tiép véi vi dieu khién

Giao tiép nbi tiép (Serial) 2
day
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3. Raspberry Pi 4 (RAM 2-4GB)

Thong sb ky thuat Gia tri Hinh anh thyc té
B xur Iy (CPU) Broadcom  BCM2711,
Lo1 tir Cortex-A72 (ARM
v8) 64-bit @ 1,5 GHz
Bo xur 1y dd hoa Broadcom VideoCore VI,
hd trg OpenGL ES 3.0
Cong USB 2xUSB 3.0, 2xUSB 2.0
GPIO 40 chan GPIO da nang

(twong thich véi Pi trude
d6)

Nguodn cap

5V. DC qua USB-C
(khuyén nghi nguoén 5V
3A)

Kich thudc

85,6mm x 56,5mm X
17mm

4. STM32F103C8T6

khién tir cac bd hen gio,
dung dé diéu khién toc do
co s¢ dir liéu DC

Thong sb ky thuat Gi4 tri Hinh anh thyc té

CPU ARM Cortex-M3, RISC
32 bit @ 72 MHz

GPIO 37 chan /O

Giao tiép 2 x12C, 3 x USART, 2 x
SPL, 1 x USB 2.0 tbc do
day du

ADC 10 kénh ADC 12-bit, tc
d6 chuyén doi 1 ps

Dién 4p hoat dong 2.0V dén3.6V

PWM HO tro xudt tin hiéu diéu
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Céc linh kién & AGV Robot trong dé tai

1. Arduino Mega 7960

S6 chan analog

Dau vao analog 16 chan
(d6 phan giai 10 bit)

Thoéng s6 ky thuat Gia tri Hinh anh thuc té
Xung nhip hoat dong 16MHz

Kich thuéc PCB 101,5mm x 53,3mm

Giao tiép C6 hd trg SPI, 12C

bién &p hoat dong 7-12V DC
Dong tiéu thu Khoang cach 70 mA
(khong tai)
2. BTS7960
Thong sb ky thuat Gi4 tri Hinh anh thyc té
bién &p hoat dong 5-27V DC (phién ban
tuy chon t6i da 40V)

Dong tai lién tuc

10A — 15A (c6 nhiét nhiét
tot), to1 da 1én dén 43 A

Tin hi€u di€u khién

TTL 3.3V hoac 5V
(tuong thich v&i Arduino,
STM32, Raspberry Pi, ...)

Ché do diéu khién diéu chinh téc do, chan
L/R diéu chinh chiéu

Béo vé tich hop Bao vé mach ng'fm, qua
nhiét, qua 4p, mit pha

Kich thuoc PCB ~50 mm x 50 mm (tuy

mo-dun)
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