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TOM TAT

Tén dé tai: THIET KE VA CHE TAO MO HINH HO TRQ THU GOM RAC
THAI TU PONG SU DUNG PHUONG PHAP DO PUONG
Sinh vién thuc hién : Tran Thanh Phic Ma& SV : 1811505120233 Lop: 18D4
Lé Phwéoe Hai Pang Ma SV : 1811505120309  Lop: 18D4
Hién nay, khi xa hoi ngay cang phét trién, dan cu ngay cang dong dic dic biét
la & cac thanh phé 16n, cac khu cong nghiép, cac co sé san xuat. .. Tir d6 din dén luong
rac thai con ngudi xa ra ngay cang ting. Do d6, quan |y chat thai théng minh 1a mot
trong nhitng van dé néng hoi ma thé gisi phai d6i mat. Van dé chinh 1a trong viéc
quan Iy chat thai, thing rac ¢ noi cong cong ludn ludn trong tinh trang day va qua tai
trude khi dugc xe rac toi lay va dua luong rac d6 ra mot vi tri tap trung luong rac 16n
khac dé xt ly. Viéc thung rac noi cong cong ludn day va tran ra lan luot dan dén nhiéu
mbi nguy hiém khac nhau nhu béc mii, 6 nhiém moi truong canh quan va do ciing 1a
goc ré, nguyén nhan chinh gay ra nhitng can bénh lay nhiém. Xuat phat tir nguyén
nhan d6, nhom ching em chon dé tai “Thiét ké va ché tao mé hinh hd tro thu gom réac
thai ty dong sur dung rng dung do duong”.

Vi muc dich giap cho méi truong xanh, sach, dep, hién dai va dap tng cho
thoi dai cong nghé 4.0, theo xu hudng thanh phd thong minh trong twong lai, dong
thoi ching em mudn tim hiéu sau hon vé mang lap trinh tng dung dé tao ra san pham
két hop cdng nghé diéu khién ty dong, dién hinh 12 mé hinh thu gom réc thai eng dung
do duong. Dya vao kién thirc da hoc mon lap trinh vi xi ly va cac mén chuyén nganh
Dién ttr, nhom ching em di nghién ctiru, ché tao mé hinh thu gom rac thai wng dung
do duong tu dong co thé thong bao rac day hién thi man hinh LCD, tu dong di chuyén
theo duong dwa rac dén vi tri tap két va nhan nut s& chay vé vi tri ban dau. Thang rac
duogc trang bi cam bién siéu am phét hién tranh vat can trong qué trinh di chuyén.

Trong qua trinh thuc hién dé tai “Thiét ké va ché tao mé hinh hd trg thu gom
rac thai tu dong sir dung phuong phap do duong”, mic di nhém thyc hién dé tai da
c¢b gang hoan thanh nhiém vu dit ra va dung thoi han nhung con han ché vé mat kién
thire va thoi gian thuc hién con anh huong rat 16n cua dich Covid- 19, nén chéic chén
s& khdng tranh khoi nhiing thiéu sot, han ché, mong cac quy Thay/C6 va cac ban sinh
vién théng cam. Nhém rét biét on va mong nhan duoc Y kién dong gop hét sic quy
bau tir cac quy Thay/C6 va cac ban sinh vién vé dé tai nay.



TRUONG PAI HOC SU PHAM KY THUAT CONG HOA XA HOI CHU NGHIA VIET NAM
KHOA DIEN - PIEN TU Doc 1ap - Tu do - Hanh phic

NHIEM VU PO AN TOT NGHIEP

Giang vién hudng dan : ThS. Vé Thi Huong
Sinh vién thuc hién : Tran Thanh Phic M4 SV : 1811505120233
Lé Phuéc Hai Pang M4 SV : 1811505120309
1. Tén dé tai: THIET KE VA CHE TAO MO HINH HO TRO THU GOM RAC THAI
TU DPONG SU DUNG PHUONG PHAP DO BPUONG
2. Cdc sé ligu, tai ligu ban ddu:

SO liéu, tai liéu ban dau:

Tim hiéu thong tin dé tai qua cac trang mang, va tham khdo cac tai li¢u trudc
do

Tra ctru thong tin tin linh kién trén mang

Tai liéu vé cong nghé IOT va robot do dudng

Cong dong arduino Viét Nam

Pham Minh Tuan — Arduino cho nguoi méi bat dau

Céc trang web da tham khao:

Robot tranh vat can :

http://arduino.vn/result/1306-robot-tranh-vat-can

So Iugc arduino mega 2560:
https://dientutuonglai.com/gioi-thieu-arduino-mega-2560.html

Robot do duong tranh vat can:
http://kenhchetac.com/chi-tiet-san-pham/95-robot-do-duong-tranh-vat-
can.htmi

http://robocon.vn/ndetail/huong-dan-lam-robot-tu-tranh-vat-can-su-dung-
cam-bien-sieu-am.html

Video tham khao thung rac thong minh:

https://youtu.be/3xznZK_8pgk



http://arduino.vn/result/1306-robot-tranh-vat-can
https://dientutuonglai.com/gioi-thieu-arduino-mega-2560.html
http://kenhchetac.com/chi-tiet-san-pham/95-robot-do-duong-tranh-vat-can.html
http://kenhchetac.com/chi-tiet-san-pham/95-robot-do-duong-tranh-vat-can.html
http://robocon.vn/ndetail/huong-dan-lam-robot-tu-tranh-vat-can-su-dung-cam-bien-sieu-am.html
http://robocon.vn/ndetail/huong-dan-lam-robot-tu-tranh-vat-can-su-dung-cam-bien-sieu-am.html
https://youtu.be/3xznZK_8pgk

3. Nhirng ngi dung chinh:
- Sir dung Board Arduino Mega 2560 dé lam khéi diéu khién trung tAm.
- Diéu khién dugc thung rac chay theo dudng dudng ta tao san.
- Diéu khién duoc thung rac chay vé vi tri ban dau thong qua nit nhan.
- Tich hop sat khuén tay ty dong cho ngudi dung.
- Hién thi man hinh LCD théng b4o véi nguoi dung.
- Cam bién phat hién rac day sé tu di chuyén dén diém tap két.
- Cam bién phat hién vat can s& dirng lai va phat ra canh béo.
- Cam bién ty dong mo nap khi ¢6 ngudi dén bo rac.
4. Cdc san pham dw kién:
- Hoan thanh dugc mo hinh hd trg thu gom rac thai tmg dung do duong.
- B4o c4o tong két dé tai, Slide thuyét trinh dé tai.
5. Ngay giao do dn: 22/02/2022
6. Ngay nép dé dn: 31/05/2022
Pa Ning, ngay 25 thang 02 ndm2022
Truwéng Bo mon Ngwoi hwéng din



LOI NOI PAU

Trong qua trinh lam do &n tét nghiép, nhém ching em dd nhan dwgc nhiéu sy
gitip 45, dong gop v kién, tao diéu kién thuan loi, dinh huéng va chi bao nhiét tinh
cua quy Thay/C6 va ban be.

Ching em xin giri 10i cam on chan thanh dén ThS. V& Thi Huong, giang vién
truong Pai hoc Su pham Ky thuat — Pai Hoc Pa Nang, ngudi da tan tinh huéng dan,
chi bao nhém ching em trong sudt qué trinh 1am d6 an t6t nghiép. Nhdm chdng em
cling xin chan thanh cam on céc thay, ¢ gido trong trudng Dai hoc Su pham K§ thuat
noi chung va céc thay co trong khoa Dién — Dién tir noi riéng da day dé cho em kién
thirc vé cac mon dai cuong ciing nhu cac mén chuyén nganh, giup chung em c6 dugc
co so ly thuyét viing vang va tao diéu kién giup d& nhdm chdng em trong suét qua
trinh hoc tap.

Cubi cung nhém chling em Xin cam on gia dinh, ban bé luén bén canh ung ho
va dong vién, cam on tat ca ban bé da gan bo va cing hoc tap, gitip d& nhém ching
em trong sudt thoi gian qua, cling nhu trong qué trinh hoan thanh d6 &n tét nghiép.
Xin chan thanh cam on!

Sinh vién thuc hién Sinh vién thyuc hién

(Ky va ghi r0 ho tén) (Ky va ghi r0 ho tén)

Lé Phuée Hai Pang Tran Thanh Phiic



CAM DOAN

Nhém chiing em xin cam doan rang d6 &n tt nghiép “Thiét ké va ché tao md hinh hd
tro thu gom rac thai tu dong str dung phuong phap do duong” la céng trinh nghién
ctru cua nhém. Nhitng phan cé tham khao tai liéu co trong do an di duoc liét ké va
néu rd ra tai phan tai liéu tham khao. Dong thai nhirng sb liéu hay két qua trinh bay
trong d6 an déu mang tinh chat trung thuc, khong sao chép, dao nhai.

Néu nhu sai, nhém chiing em xin chiu hoan toan trach nhiém va chiu tat ca cac ky luat
cta bo mén ciing nhu nha truong dé ra.

Pi bo sung, cap nhat theo yéu cau cia Giang vién phan bién va Hoi dong cham Do
an tot nghiép hop ngay ngay 17, 18/6/2022.

Giang vién huéng dan Sinh vién thuc hién

(Ky va ghi ro ho tén) (Ky va ghi r0 ho tén)
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DANH SACH CAC KY HIEU, CHU VIET TAT

KY HIEU:

< : D4u bé hon va nguoc lai.
%: Phan tram.

.... Con nira.

V: Volt.

°:bo.

CHU VIET TAT:

- PID: Proportional Integral Derivative.

- DXRXC: Chiéu dai x Chiéu rong x Chiéu Cao.

- DC: Dong mat chiéu.

- AGV: Autonomous Guided Vehicles.

- ADC: Analog to Digital Converter. (b6 chuyén d6i analog sang k§ thuat sd)

- Max: tdi da.

- Min: ti thiéu.

- PWM: Pulse Width Modulation (phwong phap diéu xung, diéu chinh &p ra tai)

- LINE: duong di.

- DIY: Viét tit tir “Do It Yourself” nghia 13 tu 1am, thuat ngit nay dé dién dat
cho viéc ban tir [am mot mén d6, mét san pham,.. nham muc dich str dung.



MO DAU

Hién nay van dé 6 nhidm méi truong ludn 1a mot vin dé nong cua nudc ta, bén

canh d6, viéc xur Ii rc thai sau khi st dung con nhiéu han ché, bét cap, chua duoc xir
lf mot cach théng minh, c6 hé thdng. Nhitng can bénh lay nhidm tir ngudn rac thai qua

str dung néu khong duoc xir 1i dung cach thi s& gay hai rat 16n dén stc khoé con ngudi.
Ddng thoi trong thoi dai cdng nghiép hoa hién dai hoa hién nay, dic biét 1a cudc cach
mang cdng nghé 10T 4.0, yéu cau v& mot cudc séng thong minh, hién dai va sang

trong ludn dugc dat 1én hang dau. Vi li do d6, nhom chung em quyét dinh chon dé tai

“Thiét ké va ché tao mo hinh hd tro thu gom réc thai tu dong sir dung phuong phap
do duong” dé lam dé tai tot nghiép.
Muc tiéu cia dé tai:

Str dung module do duong bang quang tré dé dinh hudng di chuyén theo duong
dat san.

Thiét ké duoc mot chiée thung rac co kha ning nhan biét dugc rac day trong
thung.

Thiét ké thung rac ma nap tu dong khi ta toi gan va dong lai khi roi di.

Khi phat hién rac trong thung day, thing rac c6 thé tu di chuyén dén vi tri thu
gom va c6 thé di chuyén vé vi tri cii trén duong duong dinh sin, diéu khién
bang mét nit nhan.

Trén duong di, néu c6 vat can thi md hinh sé& ding lai va phat tin hiéu canh
bao.

Tich hop sat khuan tay ty dong cho thiing réc.

Hién thi ra man hinh LCD théng bao cho nguoi dung.

Gi6i han caa dé tai:
Khéi lweng, tai trong, ti 18 ngoai cia mo hinh:

Kich thuéc mé hinh: 30 x 30 x 37 cm (DxRxC)
Khéi lwong md hinh khi khdng tai 1- 2kg
Khéi lwong md hinh khi c6 tai 4-5kg

Pham vi hoat dong ciia dé tai:

Hoat dong trong diéu Kkién thoi tiét 6n dinh, thoang dang, bang phang, khdng
96 gé.



Vi tri dat va dudng di cua thang rac phai thdng thoang, it bi che khuit, dan
duong chéc chan, khdng bong tréc duong.
Nén str dung trong van phong, trrong hoc, co quan thoang dang, sach s¢.

Céc module, linh Kién dién tir can cé trong d@ tai:

Str dung board Arduino Mega 2560 lam khéi diéu khién trung tam.

Str dung board cam bién quang tré dé do duong tu dong.

Str dung module L298N dé diéu khién dong co DC 12V: ap diéu khién 5V —
12V, dong diéu khién 2A. Ap cua tin hiéu diéu khién: 5V-7V, dong cua tin
hiéu diéu khién: 0-36mA.

Str dung module giam ap DC LM2596 3A dé giam &p vao: ap hoat dong 3V-
30V, dong hoat dong: 3A.

S6 hrgng cam bién, dong co'... can cé trong dé tai:

2 Cam bién siéu am HC-SRO05: dién &p hoat dong 5V, dong hoat dong 15mA.
1 Cam bién hdng ngoai: dién ap hoat dong 3.3V-5V.

C6 str dung buzzer dé bao hiéu.

Str dung dong co Servo MG996R dé diéu khién ma nip tu dong: dién ap diéu
khién 4.8V-7.2V.

Str dung man hinh LCD hién thi théng bao: dién ap hoat dong 5V.

Dung 2 dong co DC giam toc 250 vong/phat khi khdng tai.

Dung 1 bom 12V dé bom nuéc sat khuan.

M6 hinh xay dung dwa trén thung rac nhua c6 san va dé thing rac 1am bing
mica cit CNC.

Dé tai gdm c6 04 chwong chinh:

Chuwong 1: Tong quan

Chuong nay dé cap dén van dé thyc trang rac thai hién nay, ly do chon dé tai,

noi dung nghién cau, lich sir phét trién robot va tng dung cua robot hién nay, trinh
bay hudéng ung dung cta dé tai trong thuc té. Gidi thiéu trinh bay so lugc vé PID, ing

dung thuat toan PID vao robot do dudng.
Chuong 2: Thiét ké hé thong

Chuong nay s& gigi thidu tong quan vé cac yéu cau cia dé tai ma minh thiét ké

thiét ké gom nhitng phan nao tir d6 thiét ké so do khéi hé thong, so ¢ nguyén ly ting

khdi, chon linh kién va cach két n6i cho cac khéi chirc nang cua hé thong.



Chuong 3: Thi cong hé thong

Chuong nay s& gi6i thiéu cac phan mén str dung, 1am mach in, qué trinh thuc
hién, lip rap hé théng, v& luu db thuat toan, 14p trinh va thi cong cho dé tai.
Chuong 4: Nhan xét — Panh gia

Chuong nay trinh bay két qua yéu cau dat duoc, két qua thyc nghiém, danh gia
mirc d6 hoan thién san pham, d4nh gia vu diém, nhuoc diém cta san pham khi chay

thue té, va hudng phat trién trong tuong lai.
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CHUONG I: TONG QUAN

1.1. Pit van dé:
Thuc trang quan ly rac thai hién nay ¢ nudc ta:

Hinh 1.1: Thuc trang quan ly rac thdi ¢ nuoc ta hién nay

Quan ly chat thai 12 mot trong nhitng van dé néng hoi ma thé gidi phai d6i mat khdng
phan biét d6 1a nudc phat trién hay dang phat trién. Van dé chinh 1 trong viéc quan
ly chat thai, thiing rac & noi cong cong dugc ludn ludn trong tinh trang day va qua tai
trude khi duoc xe rac téi lay va dua lugng rac d6 ra mot vi tri tap trung luong rac Ion
khac dé xir ly. Viéc thung rac noi cong cong ludn day va tran ra lan luot dan dén nhiéu
mbi nguy hiém khac nhau nhu béc mii, 6 nhiém moi truong canh quan va d6 ciing 1a
gdc ré, nguyén nhan chinh gay ra nhiing cin bénh lay nhiém. Diéu nay ciing dang dan
Xuat hién trong méi truong hoc duong khi xuat phat tir chinh trong y thirc cuia mdi
sinh vién ching ta, thung rac di day nhung chiing ta van b rac vao gay ra tinh trang
rac vang ra ngoai. Pé tranh tat ca nguy hiém va duy tri sy sach s& céng cong va sic
khoe cong dong trong trudng hoc cling nhu 1a ngoai xa hoi, chlng ta can phai thiét ké
ra dugc mot md hinh thu gom rac tu dong ma no cé thé kiém soat duoc lugng rac va
d6ng thoi dua ra nhitng xu ly can thiét nham giam thiéu hién trang trén. [3]

Lé Phudc Hai Bang — Tran Thanh Phic GVHD: ThS. V6 Thi Huong
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PHANRAC )
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Hinh 1.3: M6 hinh phan logi rac thai [5]

Nhin chung, md hinh hd tro thu gom rac thai ang dung do duong da kha pho
bién. Pa co rat nhiéu cong ty start-up va nhiing cong ty thiét bi di va dang dau tu vao
linh viec md hinh thu gom réc thai thong minh nay. Diéu d6 1a hoan toan hop ly va co
co s, boi 1& md hinh thu gom réc thai tu dong 1a mot san pham khdng thé thiéu duoc
trong cic vin phong cong ty hién dai, trong thanh phé hién dai 4.0. Khong chi lam
nhiém vu dung réc, nd con thé hién sy van minh, sang trong.

Lé Phudc Hai Pang — Tran Thanh Phc GVHD: ThS. V6 Thi Huong
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Hinh 1.4: San pham thung rac théng minh hién nay

Chinh vi vay, su ra doi cua moé hinh thu gom rac thong minh sé la su lua chon

hién dai hang dau cho cac van phong cong ty, trudng hoc, nhitng noi cong cong.
M® hinh thu gom réac théng minh hoan toan khac so véi nhitng mé hinh thu gom rac
co dién ma ching ta sir dung ¢ nhitng noi cong cong. D6 chinh 1a vé kha nang tu dong
va kha nang di dong hon, s& c6 nhiéu khdng gian va thoi gian dé xu Iy nhitng tac vu
tu dong, chang han nhu: khi rac day, co thé ty dong nhan biét va di chuyén tai vi tri
noi chta rac tong qua viéc dinh sin duong di, hay hién dai hon 1a sy lién két nhiéu
thing réac lai véi nhau dé nguoi lao céng dé dang quan 1y... 1a nhitng tinh ning ma
mo hinh thu gom réc ¢6 dién khdng thé 1am dugc.

Do d6, nhan thay nhiing tinh ning va cong dung tuyét voi cia mé hinh thu gom
rac thai thong minh nhu vay, két hop véi nhitng van dé nhizc nhéi trong viéc quan ly
rac thai ¢ nhitng noi cong cong & nuéc ta hién nay. Do do, viéc huéng dén chon dé
tai “Thiét ké va ché tao md hinh hd trg thu gom rac thai ty dong sir dung phuong phéap
do duong” trng dung ¢ van phong cong ty, truong hoc, co quan, bénh vién... va dugc
ap dung cong nghé do duong tr dong dé di chuyén 13 mot nhu cau hét sic can thiét
va ddy chinh 1a 1y do ma nhom nghién ctru quyét dinh chon dé tai nay. Dé tai nay
khéng nhitng la mot thuc tai khach quan ma n6 con dong vai tro quan trong thuc su
trong tuong lai sau ndy, dac biét 1a c6 thé ung dung rat tét trong méi truong trudng
hoc va nhitng noi cong cong.

Lé Phuéc Hai Pang — Tran Thanh Phic GVHD: ThS. V8 Thi Huong
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1.2. Tong quan vé robot:

Robot di va dang xuét hién trong cudc sdng cua ching ta tir 1au va ngay cang tré
thanh mot phan khong thé thiéu trong cudc séng hién dai. Chung da goép phan minh
vao cong cudc lao dong, chinh robotdang 1am nén mét cudc cach mang vé lao dong,
khoa hoc, va dang phuc vu dic luc cho cac nganh khoa hoc nhu: Khoa hoc quan su,
khoa hoc gido duc, cac nganh dich vu, giai tri... [6]

Hinh 1.5: Lich sur ra doi cua robot
Vay robot xuat hién tir khi na0? D6 1a vao nam 1921 nha soan kich Karel Capek

nguoi Tiép Khic da dua 1én san khau vé kich c6 tiéu dé “Romands Univesal Robot”.
Theo tiéng Séc “Robot”nghia 1a “Ngudi tap dich”. C6 thé noi day 1a mot goi y, mot y
tudng ban dau vé nhitng ¢ may c6 kha ning thao tic nhu con ngudi. Dén trude chién
tranh thé gioi lan tha hai nhu cau sir dung nhitng may moc c6 kha nang thay thé con
ngudi ¢ nhitg mai trudng 1am viée doc hai da tré thanh mot nhu cau cap thiét. Ban
dau co cau may nay hoat dong gidng nhu tay may cua nguoi van hanh. Ciu tao cua
co cau nay bao gom cac thanh va cac khap va hé thong giay chang. Nguai van hanh
diéu khién tay may thong qua mot co cau khuyéch dai co khi. Trong chién tranh thé
gidi 1an ther hai (ndm 1945), xuat hién co cdu may duoc diéu khién tir xa d¢é cam nim
chat phéng xa. Cho dén nhitng nim 1950 cung véi su ra doi cua ki thuat diéu khién
chuong trinh s6 NC (Number Control) ki thuat tay may lac nay da két hop duoc ca
k¥ thuat diéu khién xa va diéu khién chuong trinh s6. Su két hop nay di tao ra nhiing
thé hé may diéu khién tir xa ¢ kha nang mém déo, kha ning tu dong hoa cao goi tén
1a robot. Nam 1949, may phay diéu khién s6 ra doi phuc vu san xuat & My. Dén nim
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1960 George Devol dwa ra mau Robotdau tién. Nam 1961 ciing tai My Robotcong
nghiép. (IR: Industrial Robot) ddu tién dua ra thi truong: RobotUnimat 1990 (Do
truong dai hoc MIT ché tao) ddy 1a Robot phan hdi luc né duoc tng dung vao cong
nghiép san xuat 6 t6. Theo con s6 thong ké thi dén nam 1990 toan thé gii da trién
khai va ung dung khoang 300.000 IR. Do su phat trién manh mé caa k§y thuat Vi xi
ly va Tin hoc ma s6 lugng IR ting nhanh chéng va tinh ning ciing c6 nhiéu budc pha,
gia thanh trén mot don vi IR giam dan.

Hinh 1.7: Robot tx hanh trong nha kho

Lé Phudc Hai Bang — Tran Thanh Phic GVHD: ThS. V6 Thi Huong
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Hinh 1.9: Robot ti dong hoa Automatic-Production-Line
1.3. Gi6i thiéu vé robot do dwong:
La loai robot ma viéc di dong theo mot qui dao dinh san dugc goi la Robot bam
duong. Robot bam duong co thé di chuyén theo mot duong, dudng di c6 thé dugc
nhin nhan nhu moét dong mau den trén mot bé mat trang (hodc nguoc lai) hoic né co

thé 1a duong vo hinh nhu mét tir trudng.
1.4. Nguyén tiac hoat dong caa robot do dwong:

Nguyén tic hoat dong: robot chuyén dong theo mot quy dao ma chung ta da
mong muén dy tinh trude thong qua viéc dan duong duong. Véi hé thong hai banh xe
duoc dan dong boi hai dong co dién mot chiéu thdng qua mach diéu khién trung tam
va mach cong suit diéu khién dong co. Thuong thi cac vach duong s& c6 mau khac
v6i mau nén cua quy dao chuyén dong. Dé robot chuyén dong dung quy dao dinh
treéc, can phai c6 b phan cam bién, bo phan nay c6 nhiém vu phan biét mau cua
vach dudng va mau nén caa quy dao chuyén dong, tir d6 dua tin hiéu giai ma twong
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rng vé& mach diéu khién trung tdm. Mach diéu khién trung tdm c6 nhiém vu thu nhan
thong tin phan hdi tir bd phan cam bién tra vé, tir 6 diéu khién toc d6 va chiéu quay
cta hai dong co dién mot chiéu sao cho ca hai banh xe ludn chuyén dong tuong dbi
bam dugc duong vach duong dinh san.

Ta c6 thé hinh dung co ban cau trdc caa robot do dwong nhu hinh sau:

Banh dan

/ huong
Banh chu f i

dong

. Vach dan
bong co

Nlach Cam bien
dieu nhan vach
kKluen va
cong suat

Hinh 1.10: Cdu tric robot do dwong
Nguyén ly hoat dong caa cam bién do duong:

Cam bién hoat dong dua trén nguyén ly thu — phét anh sang. Cac mat phat s&
phat ra tia hdng ngoai c¢6 budc song hdng ngoai. Mt thu & bé mit chira ving sang s&
hap thy anh sang hong ngoai do. ¢ trang thai binh thudng, mat thu c6 noi tro rat Ion
(hang tram Kilo - Ohm). Khi mat thu nhan duoc anh sang hong ngoai chiéu vao thi
noi tré cia nd giam xudng (khoang vai chuc Ohm). Do d6 robot chi hoat dong trong
moi trudng c6 tinh chat phan xa anh séng cao.

1.5. Ung dung ciia robot do dwong:
1.5.1. Ung dung trong céng nghiép
Robot van chuyén hang hoé: [7]

Robot van chuyén hang héa hay duoc biét dén 1a xe ty hanh AGV (Autonomous
Guided Vehicles). Pay la Robot dwoc van hanh rat nhiéu trong cac khu céng nghiép
I6n. V6i nhiém vu phan phéi va van chuyén hang hda mot cach tu dong. Vai su két
hop cua cac Sensor quang dién gitp dinh hudng duong di. Va Sensor si€u am tranh
va cham gy anh huéng dén hang hda va nhan vién ky thuat trong nha may. Do van
hanh 1 cach ty dong, c6 kha ning tu sac pin, d& dang diéu phéi va quan 1y luong hang
hoa qua hé théng. Cong véi vu diém hoat dong duogc lau dai, van chuyén luong hang
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hoa c6 khdi luong 16n. AGV dang ngay cang duogc lra chon dé thay thé hoan toan con
ngudi dé giam chi phi thué nhan cong, ciing nhu ting d6 chinh xac trong céng viéc.

S

Hinh 1.11: Robot vdn chuyén hang hoa
1.5.2. Ung dung trong nganh 6to
Coéng nghé 6 to tu li:
Trudc day viéc nghi dén c6 1 chiéc 6 td co thé ty di chuyén ma khong can tai

xé, 12 mot suy nghi that vién vong. Nhung thyc té ¢ hién tai co rat nhiéu dong xe duoc
thi nghiém va phét trién dé c6 thé thuc hién duoc didu d¢6 mot cach hoan thién. O Viét
Nam ciing di c6 nhitng dong xe duoc nhap khau vé co thé tu dong tim va di chuyén
vao Vi tri dau xe: cac dong Mercedes, BMW,... méi. Du hién tai chua c6 dong xe
hoan toan c6 thé duoc di chuyén trén duong 1 cach ty dong. Nhung trong tuong lai
gan viéc nhirng xe khong nguoi 13i di trén duong s& khong con xa véi dau, hay tin toi
di. Va day ciing 1a 1 (ing dung dugc phét trién nén tir Robot ty dong tim duong.

Hinh 1.12: Cbng nghé¢ 0 t0 tw lai
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1.5.3. Ung dung trong nha

Cong nghé robot lau san: Gan giii hon véi ching ta, Robot lau nha khéng con
qua xa la voi mdi nguoi. DU khdng sir dung dudng duong ¢ sdn va cam bién quang
dién. Nhung Robot lau nha lai &p dung céng nghé cam bién siéu am dé tranh va cham.

o 4 Add

JNIDUC

; /[
Hinh 1.13: Robot lau san
1.5.4 Ung dung trong nganh y té
Robot van chuyén hang hod, thuéc men tw dong trong khu céch ly, bénh vién da
chién [8]

St ménh cua Robot nay 1a thay thé con ngudi, hd trg doi ngii tinh nguyén vién
trong hoat dong phan phdi, phat nhu yéu pham cho céac khu vuc phong téa cach ly va
bénh vién diéu tri Covid-19, tranh tiép x(c, ay lan dich bénh. Bén canh dé, Robot con
c6 thé thyc hién phun khir khuan tang thap, hd tro phong, chéng dich.

MJi robot cd thé thay thé duoc 3-5 nhan vién y té. Ngoai viéc giam rui ro lay nhiém,
viéc str dung robot con tao diéu kién dé nhan vién y té tap trung thoi gian, cong stc

phuc vu, cham soc va diéu tri bénh nhan ning duoc tét hon.

Hinh 1.14: Robot tir déng hé tro déi ngii y té
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1.5.5. Ung dung trong nganh du lich

Robot cd thé duoc st dung ¢ nhitng noi cong cong dé cung cap ban dd huéng
dan duong di, cung cip thong tin cac diém tham quan mét cach tu dong.
1.5.6. Ung dung ciia dé tai hwéng dén trong thuc té

M6 hinh cua dé tai s& hoat déng mot cach ty dong tir khau chua rac dén nhan
biét rac day trong thing, tw dong di chuyén dén diém tap két rac ding quy dinh va tu
d6ng quay V& vi tri ban dau. Véi md hinh nay, nhdm chdng em hi vong s& cé nhiéu
co hoi dugc cai tién, nang cap va ang dung vao thuc té cudc séng hiang ngay, gidp
kiém soat dugc rac hiéu qua hon, tranh cac bénh lay nhiém nguy hiém va hudng dén
mét thanh phd théng minh, hién dai trong tuwong lai.

1.6. Thuat toan PID va ng dung trong robot do dwong:
Giéi thiéu:

Robot do dudng hay con goi 1a do line 1a mét trong nhitng phuong tién di chuyén
tu dong dau tién duoc con ngudi ché tao, vi moi truong né yéu cau kha don gian, mot
nén bang phang va mot vach mau twong phan manh (hoic ¢ cac dic tinh khac) khéac
biét manh so v&i méi truong xung quanh. Ta s& dung cam bién dé do dac, phét hién
su khac biét nay, sau d6 nhing mot thuat toan diéu khién nao d6 vao dé diéu khién xe
bam theo vach duong do. Dé robot that sy hoat dong mot cach can bang va 6n dinh
c6 thé ké dén rat nhiéu thuat toan nhu PID, pole placement, H infinity, LQR,... trong
d6 PID 1a thuat toan chinh dé diéu khién dong co cho dé tai nay.

1.6.1 Dinh nghia thugt todn PID

PID 14 bo diéu khién vi tich phan ti 18 duogc viét tat tir: Proportional Integral

Derivative) 12 mot co ché phan hdi vong diéu khién (b6 diéu khién) tong quat duoc
sir dung rong réi trong céc hé thong didu khién cong nghiép — bo diéu khién PID 1a bo
diéu khién duoc st dung nhiéu nhét trong cac bo diéu khién phan hoi.
Bo diéu khién PID s& tinh toan gia tri "sai s6" 1a hiéu s6 gitra gia tri do thong s6 bién
d6i va gia tri ¢at mong mudn. Bo diéu khién s& thuc hién giam téi da sai sb bang cach
diéu chinh gia tri diéu khién dau vao. Trong trudng hop khong co kién thirc co ban vé
hé thong diéu khién thi bo diéu khién PID Ia s& bo diéu khién tét nhat. Tuy nhién, dé
dat duoc két qua tot nhat, cac théng sb PID sir dung trong tinh toan phai diéu chinh
theo tinh chat caa hé thong, trong khi kiéu diéu khién 1a giéng nhau, cac thong s6 phai
phu thudc vao dic thu cua hé théng.
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Giai thuat tinh toan bo diéu khién PID bao gém 3 théng sb riéng biét, do do
d6i khi né con duoc goi 1a diéu khién ba khau, cac gia tri ti 1¢, tich phan va dao ham,
viéttat 1A P, 1, va D. Gia tri ti 18 x4c dinh tac dong cua sai 6 hién tai, gia tri tich phan
xac dinh tac dong cua tong cac sai sé qua khir, va gid tri vi phan xac dinh tac dong
cua toc do bién ddi sai sb.

Téng chap cua ba tac dong nay dung dé diéu chinh qua trinh thdng qua mét
phan tir diéu khién nhu vi tri ciia van diéu khién hay b ngudn caa phan tir gia nhiét.
Nho vay, nhitng gia tri ndy c6 thé 1am sang to vé quan hé thai gian: (P) phu thudc vao
sai s6 hién tai, (1) phu thudc vao tich lily cac sai s6 qua khtr, va (D) du doan céc sai s6
tuong lai, dya vao téc do thay doi hién tai. [9]

1.6.2 Gidi thugt diéu khién vi tich phan ti 1¢ (P1D)

Giai thuat diéu khién vi tich phan ti 1& hiéu chinh sai s6 giita gia tri bién do duoc
va gié tri mong muébn dat dén bang cach tinh todn va xuét ra mot "hanh dong diéu
chinh" nhanh chéng dé gitr cho I18i & mtc nho nhat ¢ thé dugc. Bo diéu khién nay
bao gom 3 théng sé: Proportional (P), Integral (1) va Derivative (D). [9]

So d6 khdi PID:

Gia tri P Ke(t)

mong
5 AN (i Ut
muon e(t) ) N\ ® —— a(t)
1 AI e(t)dt > Z } »  Ham xur 1y
Vsel([) 0 \‘ ’/

D K, %e{f} 4T

L 4

v

Gia tri hoi tiép Vio(t)

Hinh 1.15: So' d6 khéi gidi thugt P1D [9]
- Phuong trinh PID tong quat:

U(t) = Kpe()+Kif; e(t)dt + Ky < e(t) (1.1)
- Ham 16 e(t) tai thoi diém t: d6 léch giira gia tri mong mudn va gia tri do duoc:
e(t) = Vset— Vmo(t) (12)
Trong do:

Veet: Setpoint Value (gié tri diém dit dién &p mong muén).
Vmo (t): Measurable Output Value (gié tri dién ap do duoc tai thoi diém t).
Proportional P(t) (ham ti 18): diéu khién ti I& véi gi tri 151 hién tai.
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P(t) = Kp.e(t) (1.3)
Trong do:
Kp: hang sb ti Ié, tham sé dung dé tinh chinh.
Integral I(t) (ham tich phan): diéu khién twong tng véi mic 16i duoc tich lity theo thoi
gian.

(V) = K;. [, e(t)dt (1.4)
Trong do:
Ki: hang sé diéu chinh ham tich phan.
Derivative D(t) (ham vi phan): diéu khién twong tng véi toc do thay doi cua 16i, hay
d6 déc 15i theo thoi gian.

D(t) = Kq.=-e(t) (1.5)
Trong d6: Kg: hang s6 diéu chinh ham vi phan.
1.6.3. Ung dung gidi thugt trén do duwong:
M6 hinh PID &p dung do duong:

Giai thuat PID duoc tich hop vao trong giai thuat diéu khién robot do duong dé
tinh toan va xuét ra cac gia tri PWM diéu khién 2 dong co gan véi 2 banh sau cua
robot dua vao do sai léch giira gia tri do dac ngd vao va gia tri mong muén. Do sai
léch, hay con goi la gid tri 16i, duoc tinh todn trong giai thuat PID 1a do léch gitra trang
thai hién tai cua robot so véi duong di. Co nghia 1a, d6 sai l1éch gitra gia tri hién tai
cuia b cam bién so véi gid tri cuia cam bién trong truong hop robot chay thang vé phia
trudce. [7]

Mach
diéu khién
déng co

Gia tri doc tir cam bién

Hinh 1.16: So d6 khéi gidi thudt P1D ing dung vao robot do duwong [9]

- Truéde khi dé cap tng dung giai thuat PID vao robot do dudng, tac gia dua ra cac
dinh nghia cua cac thuat ngtr lién quan.
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Vi tri muc tiéu Veer: trung tdm cua duong di, vi tri ma ta mudn robot huéng

dén.

Vi tri thyuc tai Vimo(t): vi tri thuc caa robot, c6 thé léch bén trai hoic léch bén

phai so vai duong di cua robot.

Lai e(t): d6 sai léch gitta vi trf muc tiéu va vi tri thuc cua robot, c6 thé 1a gié tri

am hoic duong hoic biang 0, duoc tinh theo cong thic (1.2)

Hé s6 Kp, Ki, Kq 12 cac hang sb twong tng dwoc sir dung dé diéu chinh anh

hudng cua cdc khau ti 1€, khau tich phan va khau vi phan.
1.6.4. Gidi thugt PID

Giai thuat PID 1a mot chudi cac phép toan dé xac dinh cac gia tri cua khau diéu

khién ti &, khau diéu khién vi phan va khau diéu khién tich phan. Sau do, két hop céac
gia tri lai v6i nhau va xut ra gia tri diéu rong xung PWM dé diéu khién 2 dong co
banh sau cua robot. Khau diéu khién ti I¢ tinh toan d6 léch cua robot, x4c dinh dugc
robot dang 1éch phai hay léch trai duong va xuat ra cac gia tri PWM dé diéu khién hai
dong co gilip robot quay vé vi tri muc tiéu. [9]

- B 1éch: e(n) = Vimo(N) — Vset
- Bap ung khau ti I¢: P(n) = K . e(n)
- Trong d6: n 1a s6 lan lay mau
- Hang sé Kp cang 16n thi sy diéu chinh cang 16n khi 16i cang I6n. Nguoc lai, K,
cang nho thi s& dap tng diéu chinh nho ddi vai 15i.
Khau diéu khién tich phan tinh toan duya trén sai so tich liiy theo thoi gian. Robot cang
léch xa dudng thi sai s tich liy cang 1on. Khau nay thé hién riang trong qué khu robot
¢6 bam dudng di t6t hay khong. [11]
- Sai sb tich liy:
E(n) =2e(n) n>1 (1.6)
- Bap tng khéu tich phan: 1(n)= K; . E(n)
- Trong d6: n 1a sb lan lay mau
Khau vi phan tinh toan dya trén sai s6 hién tai. Khau nay cho biét tc do robot dao
dong qua lai cua duong di:
Téc d6 dao dong: Ae(n) = e(n) — e(n-1)
bap tng khau vi phan: D(n) = Kq . Ae(n)
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Cudi cung, gia tri PWM dé xuét ra diéu khién cho cac dong co diéu khién hoat dong
cua robot s€ la:
PWM =P(n) + I(n) + D(n) = Ky . e(n) + K. I(n) + Kg. D(n)
= PWM =Ky . [Vmo(N) — Veet] + Ki.2e(n)+ Ka . [e(n) — e(n-1)]
n>1

1.6.5. Hiéu chinh thuat toan PID

Khi str dung giai thuat PID dé diéu khién robot do duong, két qua ban dau ludn
cho thay robot hoat dong khéng nhu mong doi. Trudng hop nay duogc ly giai la do cac
gia tri cua cac hé s6 Kp, Ki va Kqg chua phu hop. Mdi robot c6 mot dac tinh vat ly khac
nhau do d6 cac hé sé ndy ciing phai thay doi dé phd hop.
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Chwong 2: THIET KE HE THONG

2.1. Giéi thiéu:

Trong chuong ndy, trinh bay vé so d6 khdi, lwa chon linh kién phi hop véi dé
tai, so dd nguy@n ly cua cac board mach, cach két ndi giira cac module véi nhau.
2.2. Thiét ké so dd khdi:

Véi cac yéu cau da dua ra, nhoém di thiét ké va hinh thanh so d6 khéi cho thing

rac nhu sau:

Khﬁinguﬁn

L

Khoido

dwéng quang
tré

Khoicam bién
sién am

§ 3
o
> "
o

Hinh 2.1: So dé khaoi hé thong
Chikc niing ciia tirng khoi:
- Khoi ngudn: c6 chiic ning cung cap ngudn cho ting hé théng.
- Khdi xir ly trung tdm: c6 chirc ning nhan va xir I cac tin hiéu cac cam bién
va ndt nhan dau vao. Sau d6 truyén cac tin hiéu diéu cho khéi chap hanh dé

Khoicim bién
tiém cin

lam cac dong co hoat dong.

- Khoi cam bién do dwang: C6 chire ning nhan tin hiéu tir c4c quang tré véi su
hd tro caa led ho sang thong qua doc ADC trén arduino dé xir 1y va diéu khién
dong co di chuyén theo duong.
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- Khdi cam bién siéu &m: C6 chirc ning cung cap cho hé théng kha ning doc
khoang cach dén vat can.

- Khdi cam bién tiém can: C6 chirc ning cung cp hé thong kha ning quét phat
hién vat can.

- Khéi diéu khién ddng co: Gilp cho d& dang trong viéc xir Iy cac thao tac diéu
khién doc lap cac motor, servo dong thai cho phép khéi xir 1y trung tam diéu
khién duoc nhiéu dong co hon, véi cdng suit 16n hon.

- Khdi d@dng co: Bao gom 2 motor DC dé thiing rac di chuyén ciing nhu 1 Servo
dé dong mé nap thung rac .

- Khéi khir khuin: Bao gdom mét mach dién tir st dung mosfet dé bat tat dong
co bom khi nhan tin hiéu tir khdi cam bién tiém can duoc xir Ii qua khéi xu If
trung tdm, cé chirc ning bom con sat khuan tay.

- Khai hién thj va &m thanh: C6 chirc ning hién thi va théng bao qua LCD va
buzz dé giam sat dung luong rac trong thung va bao dong khi cé vat can trong
qué trinh di chuyén cuaa hé théng.

2.3. Thiét ké cac khoi:
2.3.1. Khéi xa Iy trung tam

C6 chtrc ning nhan vao va xir ly cac tin hiéu tir cac khdi do duong, cam bién
khoang cach, cam bién tiém can. Sau d6 truyén céc tin hiéu diéu khién ra Module diéu
khién dong co dé 1am cho dong co hoat dong theo cach ngudisir dung lap trinh.

V& viéc di thiét ké khdi xtr ly trung tam thi thi truong hién nay dap ang cho ching ta
rat nhiéu cac phuong an khac nhu: vi diéu khién hdng Microchip (tiéu biéu PIC
16F887, 18F4550, vi diéu khién hdng ATMEL (AT89C52), RASPBERRY PI,
ARDUINO. Mbi hing dé c6 uu nhuge diém riéng nhung trong qua trinh tim hiéu thi
Board Arduino Mega 2560 chinh 1a vi diéu khién duoc sir dung trong dé tai nay.

a. Gidi thigu vé Arduino:

Arduino thuc sy da gay song gi6 trén thi truong ngudi ding DIY trén toan thé
gidi trong vai nam gan day, gan gidng véi nhiing gi Apple da lam dugc trén thi truong
thiét bi di dong. S6 luong ngudi dung cuc 16n va da dang véi trinh do trai rong tir bac
phd thong 1én dén dai hoc di lam cho ngay ca nhiing ngudi tao ra chdng phai ngac
nhién vé muc d6 pho bién.
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Hinh 2.2: Nhitng nguroi tao ra Arduino

Arduino 1a gi ma c6 thé khién ngay ca nhitng sinh vién va nha nghién cau tai
cac truong dai hoc danh tiéng nhu: Stanford, Carnegie Mellon phai sir dung, hoic
ngay ca Google ciing mudn hd trg khi cho ra doi bo kit Arduino Mega ADK dung dé
phét trién cac tng dung Android tuwong tac vai cam bién va cac thiét bi khac.

Arduino that ra 1a mot bo mach vi xir 1y duoc dung dé lap trinh tuong tac voi
c4c thiét bi phan cing nhu cam bién, dong co, dén hoic cac thiét bi khac. Pac diém
ndi bat cua Arduino 1a méi truong phat trién ung dung cuc ky dé sir dung, véi mot
ngdn ngit 1ap trinh cd thé hoc mot cach nhanh chéng ngay ca véi ngudi it am hiéu vé
dién tir va 1ap trinh. Va diéu 1am nén hién tuong Arduino chinh 1a mac gia rat thap va
tinh chat ngudn ma tir phan cing téi phan mém. Chi véi khoang $30, nguoi dung da
cd thé so hitu mot board Arduino ¢ 20 ngd 1/0 c6 thé twong tac va diéu khién chirng
ay thiét bi.

Arduino ra doi tai thi trin Ivrea thudc nude Y va duoc dit theo tén mot vi vua
vao thé ky thtr 9 12 King Arduino. Arduino chinh thic duoc dua ra gidi thiéu vao nim
2005 nhu 1a mot cdng cu khiém tén danh cho céc sinh vién cua gido su Massimo
Banzi, 1a mot trong nhitng ngudi phét trién Arduino, tai trudng Interaction Design
Instistute Ivrea(IDI1). Mic du hau nhu khéng duoc tiép thi gi ca, tin tic vé Arduino
van lan truyén véi tc ¢6 chéng mat nho nhitng loi truyén miéng tot dep caa nhiing
nguoi dung dau tién. Hién nay Arduino néi tiéng téi ndi c6 nguoi tim dén thi tran
lvrea chi dé tham quan noi da san sinh ra Arduino.
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b. Arduino Mega 2560

TN ressssssensssnssens,

(MEGA)

SainSmart

Hinh 2.3: Bo mach Arduino Mega 2560

Trong nhitng ndm gan déy, su phat trién manh mé cua Arduino da cho thay tam
anh huong rat nhiéu toi thé gisi hién tai, cong dong st dung I6n cing voi nguon tai
liéu phong phd trén mang, thu vién hd tro hau hét cac Module, cac san pham thiét bi
ngoai vi khac, thao tac d& xir Iy va bo mach gon nhe 1a vu diém sir dung voi dé tai nhu
thé nay.

Véi nhitng yéu cau cua dé tai nay Ia thuc hién cac cong viéc diéu khién don gian
va dung lugng chuong trinh khong qua 16n nén ¢ day lya chon sir dung Arduino 1a du
dé dap ung cho hé théng hoat dong hiéu qua ngoai ra cac dong Arduino trén thi truong
hién nay con c6 d6 thdng dung cao, gia thanh ré hon so vai cac bo Kit raspberry hay
ARM rét pht hop véi sinh vién. Cu thé 1a lya chon dong Arduino Mega dé di thiét ké
Vi 50 véi Arduino Uno thi Arduino Mega hd trg nhiéu chan hon, nho thé ching ta
khong can phai lo lang vé van dé thiéu chan ndi. Vi thé nhém chon Arduino Mega dé
lap trinh, diéu khién. Arduino duoc st dung trong dé tai nay la Arduino Mega 2560
véi thiét ké phan cang bao gom 54 chan digital (15 chan c6 thé sir dung nhu cac chan
PWM, 16 dau vao analog, 4 UARTS (Cdng néi tiép phan cang, 1 thach anh 16 MHz,
1 cbng két nbi USB, 1 jack cam dién, 1 dau ICSP, 1 nit reset. Ngoai ra Arduino Mega
2560 co ban la gidng véi Arduino Uno R3 ma ta van thuong hay sir dung, chi khac vé
s6 chan va tinh nang, do d6 ta c6 thé lap trinh twong tu nhur 14p trinh cho Arduino Uno
R3.

So db linh kién va chan caa Arduino Mega 2560:
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Digital IO
(PWM

Communication
Pins

ICSP

nnnnn

Type-B :
USB g {1/ »
Connector i S
ATmega2560 o }_'
M | Digital
e 10
MEGA 2560 [ =
.5333-'; 22223212 11‘7’5532-\[ "
Power Pins Analog Input Pins RESET
Button
Hinh 2.4: Sor d6 linh kién trén Arduino Mega 2560
Thong s6 ky thuat Board Arduino Mega 2560:
Bang 2.1: Thong so ky thugdt Arduino Mega 2560 [11]
Vi diéu khién ATmega2560
bién &p hoat dong 5V
Dién 4p dau vao(dugc dé nghi) | 7-12V
Dién ap dau vao (gioi han) 6-20V
B . 54(trong d6 c6 15 cung cip san
So lugng chan 1/ 0O
lugng PWM)
S6 luong chan Input Analog 16
Dong dién DC mdi 1/ O 20mA
Dong dién DC véi chan 3.3V 50mA
Dong dién DC véi chan 5V 500mA

256 KB trong d6 c6 8 KB str dung

Bo nh¢ flash

6 nhé boi b nap khoi dong
SRAM 8KB

EEPROM 4KB
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Hinh 2.5: So' @6 chan Board Mega 2560
Chire nang tirng chan:

- GND (Ground): cyc &m cua nguon dién cap cho Arduino Mega 2560. Khi
ding cac thiét b sir dung nhirng ngudn dién riéng biét thi nhitng chan nay phai
dugc ndi véi nhau.

- 5V: cap dién ap 5V dau ra. DONng tdi da cho phép & chan nay 1a 500mA.

- 3.3V: cap dién ap 3.3V dau ra. DOng ti da cho phép & chan nay 1a 50mA.

- Vin (Voltage Input): dé cip ngudn ngoai cho Arduino Mega 2560, ban ndi
cuc duong ctia nguon vai chan nay va cuc am cua nguon voi chan GND.

- IOREF: dién ap hoat dong cua vi diéu khién trén Arduino Mega 2560 c6 thé
duge do ¢ chan nay. Va di nhién né ludn 1a 5V. Mac di vay khong dugc lay
ngudn 5V tir chan nay dé sir dung boi chitc niang ciia n6 khong phai la cp
nguon.

- RESET: viéc nhan nat Reset trén board dé reset vi diéu khién twong duong
Vi viéc chan RESET duoc ndi voi GND qua 1 dién tro 10K<Q.

- Céc cong vao/ra: Arduino Mega 2560 c6 54 chan digital dung dé doc hoac
Xuat tin hiéu. Chang chi c6 2 mac dién ap 1a 0V va 5V vai dong vao/ra téi da
trén mdi chan 1a 40mA. O mdi chan déu co cac dién trg pull-up tir dugc cai dat
ngay trong vi diéu khién Atmega2560(mic dinh thi cac dién trg ndy khong
duoc két néi). Mot sb chan digital c6 cac chic nang dac biét nhu sau:

- 4.Cong Serial:
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Bang 2.2: Céc cong serial cia Arduino Mega 2560

2.3.2.

Cong Serial Chan RX Chan TX
Cdng 0 0 1
Cdng 1 19 18
Cdng 2 17 16
Cdng 3 15 14

RX va TX: dung dé gui (transmit — TX) va nhan (receive — RX) dir liéu TTL
Serial. Arduino Mega 2560 c6 thé giao tiép vai thiét bi khac théng qua 2 chan
nay. Két néi bluetooth thudng thay néi ném na chinh 1a két ndi Serial khéng
day. Néu khéng can giao tiép Serial, khong nén st dung 4 chan nay néu khéng
can thiét.

Chan PWM (~): 15 tir chan 2 - 13 va chan 44 45 46: cho phép ban xuat ra
xung PWM véi @6 phén giai 8bit. (gia tri tir 0 - 28-1 twong ung véi 0V - 5V)
bang ham analogWrite(). Noi mét cach don gian, co thé diéu chinh duogc dién
ap ra ¢ chan nay tr mac OV dén 5V thay vi chi ¢b dinh & mac 0V va 5V nhu
nhirng chan khac.

Chan giao tiép SPI: 22 (SS), 23 (SCK), 24(MOSI), 25(MISO) Ngoai cac chic
ning thong thudng, 4 chan nay con dung dé truyén phat dit liéu bang giao thic
SPI véi céc thiét bi khac.

LED 13: trén Arduino Mega 2560 c6 1 dén led mau cam (ki hi¢u chir L). Khi
bam n{t Reset, sé thay dén nay nhap nhay dé béo hiéu. N6 duoc nbi véi chan
s6 13. Khi chan nay dugc nguoi ding sir dung, LED s& sang.

Arduino Mega 2560: ¢6 16 chan analog (A0 - A15) cung cip do phan giai tin
hiéu 10bit (0 - 210-1) dé doc gia tri dién ap trong khoang OV - 5V. Vi chan
AREF trén board, c6 thé dé dua vao dién ap tham chiéu khi sir dung cac chan
analog. Tuc la néu cap dién ap 2.5V vao chan nay thi c6 thé dung cac chan
analog dé do dién &p trong khoang tir OV - 2.5V vai do phan giai van la 10bit.
Thiét ké khoi déng co

a. Péng co DC giam toc

Trén thi truong hién nay c6 rat nhiéu loai dong co giam toc 12V DC nhu: JGA25-
370 DC, JGB37-520 DC, SK11S Plastic Geared TT,...Véi yéu cau dé tai la dong co
chay & mirc trung binh va can luc kéo 6n dinh nén dong co giam toéc JGB37-520 DC
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200RPM Ia lra chon phi hop, véi gia thanh tuong dbi ré, chat luong tdt, 161 déng va
chéi than to, hop giam tc chic chin bang kim loai, cho luc kéo manh, moment 16n,
thich hop wng dung cho dé tai.

e
P ot

Hinh 2.6: Péng co giam toc JGB37-520 200RPM
Théng s6 k¥ thuat:

- Dién ap lam viéc: 6-15VDC

- bién ap dinh mac: 12VDC

- Dong dién khéng tai: 0.1A

- Tdc d6: 200 RPM

- Luc kéo moment: 0.45kg.cm

- C6ng suat: 7-15W

- Tryc 6mm Khuyét D
b. Dong co Servo

Vi yéu cau dé tai 1a dong md nap thung khdng yéu cau cao vé luc kéo, nén dong

co Pong co RC Servo MG996 hoan toan dap tng yéu cau dé ra so véi cac loai khac
trén thi trrong hién nay nhu: Pong co servo MG90S banh rang full kim loai, Pong co
servo 360 do, Servo TD8120MG,.. Trong tat ca, dong co RC Servo MG996 12 loai
thudng duoc sir dung nhiéu nhit trong cac thiét ké Robot hoac dan huéng xe, MG996
gia thanh ré, c6 lrc kéo manh, cac khdp va banh rang duoc 1am hoan toan bang kim
loai nén c6 d6 bén cao, dong co duoc tich hop sin driver diéu khién dong co bén trong
theo co ché phét xung - quay goc nén rat dé st dung, phu hop véi yéu cau dé tai.
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Hinh 2.7: Béng co Servo MG996
Thong s6 ky thuat:
Chung loai: Analog RC Servo.
bién &p hoat dong: 4.8~6.6VDC
Luc kéo:
+ 3.5kg-cm (180.5 ozin) at 4.8V-1.5A
+ 5.5kg-cm (208.3 ozin) at 6V-1.5A
Téc do quay:
+ 0.17sec /60 degrees (4.8V no load)
+ 0.13sec /60 degrees (6.0V no load)
Kich thuéc: 40mm x 20mm x 43mm
Trong luong: 559

PWN(8)

Hinh 2.8: Sor d6 két néi Servo véi Arduino Mega 2560
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. Dong co DC bom nwéc

Hién nay c rat nhiéu loai bom 12V DC trén thi trudng ¢ng véi nhiéu muc dich
str dung khéc nhau va gia thanh khéc nhau, c6 thé ké dén nhu: Bom ZUKUI 5002 (7.0
Bar), Bom nhu dong Kamoer Peristaltic Pump NKP-DCL-S10B 12VDC, Bom 365
12V DC,...Véi yéu ciu dé tai 13 bom dung dich sat khuan tay thi dong co bom nuéc
385 12V DC la luya chon hop ly. Véi kich thudc nho gon ap luc manh, gia ré, dap ang
yBu cau cua dé tai.

Hinh 2.9: Déng co bom nuréc 385 12VDC

Thong s6 ky thuat:

bién ap: 12V DC

Cong suat: 3W

Dong tiéu thu: 200mA

Luu lugng nudc bom: 1,8L/phut

- Ap suit nuge 0.3Mpa
2.3.3. Thiét ké khéi diéu khién déng co
Vi yéu cau caa dé tai 1a diéu khién nhiéu dong co DC 12V va khong can thiét

dao chiéu quay (dé 1am cho xe chay I0i) thi & day co thé lya chon giai phap 1a sir dung
cac module mach cau H dé diéu khién. Trén thi truong hién nay thi c6 rat nhiéu céc
mach diéu khién dong co DC véi nhiéu mau ma nhu: Easydriver - diéu khién dong co
budc A3967, module diéu khién dong co cau H DC 30A VNH2SP30,.... Tuy nhién
dé c6 thé giao tiép dé dang véi board Arduino Mega 2560 va diéu khién dong thoi 2
dong co DC theo tirng cap theo yéu cau ¢ dé tai nay thi viéc lva chon sir dung mach
diéu khién dong co L298N 1a mot giai phap thich hop. Module diéu khién dong co
L298N con c6 d6 thdng dung cao, d& lap dit, d& mua trén thi trudng voi gia thanh ré.
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{ Output A ]
5V Enable

Power GND
+12V Power
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Hinh 2.10: Hinh dnh va so d6 chan module L298N
So do két néi Arduino:

Hinh 2.11: Két néi Arduino véi LN298N diéu khién dong co

2.3.4. Thiét ké khéi do duwong:
Module do dwong quang tré:

Hién nay trén thi trudng cd rat nhiéu cam bién va module do duong khéac nhau
véi nhiéu mau ma va pho bién nhat 13 tng dung thu phat hong ngoai nhu: TCR5000,
XD-201,... nhuoc diém caa cac cam bién, module nay téc dé phan hoi kém, do nhiéu
tir moi truong bén ngoai. PE giai quyét van dé trén nhém em da tim hiéu va thiét ké
mot module do duong gdm 9 cam bién quang tro va 13 cap led tro sang dé dang tinh
chinh 1ap trinh. Véi module nay ta chi lay tin hiéu cuong d6 cua quang tré théng qua
bo ADC cia Arduino dé dua vao khéi xir Iy trung tm xua ly. Dudi day 1a nguyén |i
thu va nhan tin hiéu quang tro.
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\V\/

[ | Nén

Vach den

Khi gap nén tring anh sang phan xa

nhiéu, dién tré cia quang tré giam dién tro cua quangtroting

Neén

Khi gip nén den anh sangphanxa i,

Hinh 2.12: Nguyén ly hoat déng cua cam bién quang dién tré

KHOI DO LINE

Ay

“l-u;\'n

DS s ommem =

Mo =

I||
GND
oL 11, L, L. L, l, lelzlole Lz 12 z LW

Rl R2 R3 R4 R R R7 R& RY RI0 SRI RI2 RI3 e RIS Rl16

1k 1k 1k 13 1k 1k 1k 1k [13 Ik 1k 1k 1k 1k 1k 1k

Hinh 2.13: So' d6 nguyén Iy khéi do dwong
Giai thuat:

Khi xe hoat dong, sensor (cam bién quang tro) thu thap thong tin qua bo chuyén
d6i ADC chuyén thanh tin hiéu dién dua vé vi diéu khién. Gi4 tri nhan vé s& duoc so
sanh véi mot gia tri truede (ngudng). Néu gia tri ADCIi] < gié tri ngudng thi led thu
thir i dang & phan san, nguoc lai led thir I dang & phan vach. Dua trén 8 gia tri thu vé,
xéac dinh d6 léch twong di cua giira quy dao cua robot va quy dao mong muén, sau

d6 so sanh dd léch thanh cac muc.
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trang thdai cam bién
gitra vach

léch trai mac 1
léch trai mdrc 2
léch trai mdc 3
léch trai mdc 4
léch trai mdrc 5
ngoai line

lIéch trai mdc 1
léch trai mdc 2

lIéch trai mdc 3

lIéch trai muac 4

léch trai mdc 5
OO D) ngoailine

) :MdacoO

Hinh 2.14: Cac mezc léch khéi quy dao cia robot theo cam bién do diwong
Dua trén cac mic léch, diéu chinh tdc d6 2 banh trai — phai dé diéu khién robot theo
mong muén. Cu thé, dé ré trai toc do banh xe bén phai robot phai nhanh hon bén trai
mét gid tri twong tng vai cac mic léch (can phai thir nghiém nhiéu lan), va nguoc lai.
Phuong phéap nay don gian nhung robot chay khéng on dinh, ldc rat nhanh Idc rat
cham, tinh 6n dinh phu thudc vao dong co va két cau robot co khi.
2.3.5. Thiét ké khéi cam bién khodng cach
a. Gigi thigu

Khi tao ra mot robot ty hanh, mot trong nhitng yéu t6 chu yéu la phai phat hién
va tranh duoc vat can. Mot cam bién c6 thé phét hién d6i tuong, dé robot tranh va di
chuyén vé hudng dinh san. Bé duoc nhu vay, cam bién phai nho, ton hao it va dé dang
ché tao va phai sir dung nhiéu tng dung. mot cam bién c6 do tin cay cho nhitng yéu
cau trén 1a cam bién siéu &m. C6 rat nhiéu loai cam bién siéu &m trén thi trudng nhu:
cam bién HC-SR04, cam bién siéu &am US-015, cam bién vat can NPN E18-D8ONK,...

HY-SRF 05 ‘ ; 120203

Hinh 2.15: Module cam bién siéu am HC-SR05
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Cam bién siéu am HC-SRO5 sir dung rat phé bién dé xac dinh khoang cach. HC-
SRO5 str dung s6ng siéu am va cé thé do khoang céach trong khoang tir 2 ¢én 300 cm,
vé6i do chinh xac gan nhu chi phu thudc vao céach 1ap trinh. Nhdm quyét dinh chon
cam bién nay dung trong dé tai.

Nguyén ly lam vigc:
- Tin hiéu mirc cao duogc gui trong vong 10us sir dung chan Trigger
- Module guri tin hiéu tuy dong 40kHz. Va sau d6 do xung nhan hay khéng
- Néu tin hiéu duoc nhan, sau d6 c6 dang mirc cao. Thai gian & mac cao la khe
giita viéc truyén va nhan tin hiéu
b. Hoat dong ciia HC-SR05

Hinh 2.16: Hoat déng cuia cam bién siéu am

Pé do khoang céach, ta sé phét 1 xung rat ngan (5 microSeconds) tir chan Trigger.
Sau d6, cam bién sé tao ra xung HIGH & chan Echo cho dén khi nhan lai dugc séng
phan xa. Chiéu rong cua xung s& bang véi thoi gian song siéu am dugc phét ra tir cam
bién va quay tro lai. Toc do am thanh trong khong khi 1a 340m/s (hang sé vat ly),
twong duong 29,412 microSeconds/cm (10%/(340*100). Khi da tinh duoc thoi gian, ta
s& chia cho 29,412 dé nhan dugc khoang cach.
c. So do két noi

Hinh 2.17: Sor d6 két néi khéi cam bién khodng cach véi Arduino
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2.3.6. Thiét ké khéi cam bién tigm can

Hién nay trén thi truong co rat nhiéu cam bién tiém can khac nhau nhu cam bién
tiém can dién cam (Proximity), Cam bién tiém can dién dung, ... V4i yéu ciu dé tai
1a 1 cam bién tiém can cung kha ning phat hién ban tay cho khdi khir khuan hoat dong
thi module cam bién hong ngoai LM385 1a lya chon hop ly. Vi gia thanh ré va cam
bién nay gilp phat hién vat bang hdng ngoai thich nghi voi diéu kién anh sang cua
moi trrong xung quanh.

TVNOIS

Hinh 2.18: Module cam bién hong ngogi LM385

Sv

N
IR LED
Ny PhotoDiode -
NS = T .
+
— 3

2 1 330 ouTPUT
el
R1 R2[] . -
100 10k RV1 N\
10K LED

Hinh 2.19: So' d6 nguyén Iy ciia cam bién hong ngogi
Thong s6 ky thuat:

- B s0 sanh str dung LM393, 1am viéc 6n dinh

- bién ap lam viéc: 3.3V -5V DC.

- Khi bat nguon, dén bao ngudn mau d6 sang.

- L vit 3 mm, d& dang cb dinh, lap dit.

- Kich thuéc: 3.2cm * 1.4cm.
2.3.7. Thiét ké khéi khi khudn

Vi yéu cau dé tai 1a thing rac s& bom khir khuan khi ta cham tay vao khéi cam

bién tiém can dau vao. Vi vay khéi khir khuan ra doi.
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Hinh 2.20: So' d6 nguyén Iy khéi khat khudn
Nguyén ly hoat dgng:

Khi c6 tin hiéu vat can tir khdi cam bién tiém can sé& xuét tin hiéu vao khéi xu 1i
trung tm Arduino Mega 2560, khdi xt Iy trung tdm s& kich cho PC817 dan dong qua
mosfet IRF530 hoat dong lam cho bom bat.

2.3.8. Thiét ké khai hién thi va &m thanh
a. Khéi hién thj

Véi yéu cau dé tai la hién thi luu lugng phan trim rac trong thung va canh bao
rac day. Vi vay mudule hién thi LCD 1602 1a lwa chon tét nhat dé ¢ng dung véi kha
nang hién thi ki ty da dang (chi, so, ki tu), dé dang dua vao mach wng dung theo nhiéu
giao thuc giao tiép khéac nhau, tiéu ton rat it tai nguyén hé thong, gia thanh ré, ...
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Hinh 2.21: Module LCD 1602
Thong s6 ky thuat:
- Dbién ap hoat dong: 5VDC
- LCD 16%2 ¢6 16 chan trong d6 8 chan dit liéu (DO — D7) va 3 chan diéu khién
(RS, RW, EN).
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- 5.¢han con lai dung dé cap ngudn va dén nén cho LCD 16x2.
- Céac chan diéu khién gilp ta d& dang cau hinh LCD & ché do lénh hoic ché do
da liéu.
Chire nang cuaa tirng chan LCD 1602:
- Chansb 1-VSS : chan ndi dat cho LCD duoc ndi véi GND cua mach diéu khién
- Chansb 2 - VDD : chan cap ngudn cho LCD, dugc ndi voi VCC=5V ctiia mach
diéu khién
- Chan sb 3 - VE : diéu chinh d6 twong phan caa LCD
- Chansb 4 - RS : chan chon thanh ghi, duoc néi vai logic "0" hoic logic "1™
+ Logic “0”: Bus DBO - DB7 s& néi véi thanh ghi 1énh IR cia LCD (¢ ché
d6 “ghi” - write) hoic ndi véi bo dém dia chi caa LCD (6 ché do “doc”
-read)
+ Logic “1”: Bus DBO - DB7 sé& néi vai thanh ghi dir liéu DR bén trong
LCD
- Chan s 5 - R/W : chan chon ché d6 doc/ghi (Read/Write), dugc ndi vai logic
“0” @& ghi hodc néi vai logic “1” doc
- Chansd 6 - E : chan cho phép (Enable). Sau khi cac tin hiéu dugc dat 1én bus
DB0-DB7, céc lénh chi dugc chap nhan khi c6 1 xung cho phép caa chan nay
nhu sau:
+ O ché do ghi: Dit liéu ¢ bus s& dugc LCD chuyén vao thanh ghi bén
trong khi phat hién mot xung (high-to-low transition) cua tin hiéu chéan
E
+ O ché do doc: Dir liéu s& dugc LCD xuat ra DB0-DB7 khi phat hién
canh 1én (low-to-high transition) & chan E va dugc LCD giir ¢ bus dén
khi nao chan E xudng mirc thap.
b. Khéi am thanh
Vi yéu cau dé tai 1a phat ra 4m thanh cho mé hinh khi day rac va gap vat can
cho ngudi di lai biét ma cha dong né tranh. Ta chon cdi chip Buzzer 12V DC vi ¢6
hiéu suat 6n dinh, &m thanh chat luong tét, dwoc san xuat nhé gon, rat phi hop yéu
cau thiét ké cua dé tai.
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Hinh 2.22: Buzzer 12V DC

Thong s ky thuat:
- Nguén: 5V - 12V
- Dong dién tiéu thu: <25mA
- Tan sb cong huong: 2300Hz + 500Hz
- Bién d6 am thanh: >80 dB
- Nhiét do hoat dong: -20 °C dén +70 °C

vCCo

LLOA
Buzzer
Buz= 1 Q1
e 1815
GND

BUZZ

Hinh 2.23: So @6 nguyén ly khoi &m thanh két néi véi Arduino

2.3.9. Thiét ké khéi nguén
a. Pin, mach sac can bang pin

Pin 18650 la loai pin sac str dung cong nghé Li-on, vién pin c6 dién &p la 3.7V
khi chua sac va dat 4.2V khi sac day, ngoai ra khi pin yéu c6 thé dat dudi 3V. Tuoi
tho Pin c6 thé dat téi 500 lan xa va sac day. Trong dé tai sir dung 3 pin 18650 c6 dung
lugng 2200mAh mac ndi tiép voi nhau tao thanh mach pin 3S tao ra nguon 12V cung
cap cho toan hé thong.

Hinh 2.24: Pin 18650
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b. Mach sac can bang pin

Mach sac va can bing Pin c6 dién &p 12.6V 3S 20A dung cho cac loai pin ghép
lithium bao vé pin qua dong, bao vé pin khi sac gitp 6n dinh pin tranh hu khi dung

hoac sac.
- +[B1f- a5 +
B- B+
B o S
IR i e G0 g
ECJEL] e SO -

Hinh 2.25: So' d6 két noi mach sac pin

c. Module gi@m ap DC-DC Buck LM2596 3A

Hinh 2.26: Module Buck DC-DC LM2596 3A
Bo diéu chinh giam dién &p hay goi 12 Buck converter hay Step-down conveter,
la bo chuyén doi ngudn dién DC sang DC gilp giam dién ap dau vao 12V tir mach
pin 3s dén dién ap dau ra 5V cho Arduno Mega 2560 hoat dong 6n dinh va lau dai.

Thong s6 ky thuat:
- Pién ap dau vao: 4V-35V
Dién ap dau ra: 1.23V-30V
Dong dau ra: 3A (max)
Hiéu suat chuyén doi: 92% (tdi da)
Tan s6 hoat dong module ha &p: 150kHz
Nhiét d6 hoat dong: -40 °C dén + 85 °C
Kich thuéc: 4.3x2.1x1.7 cm
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Hinh 2.27: So' d6 két néi module giam ap véi Arduino

2.3.10. So’ @6 nguyén Iy toan mach
Duéi day 1a toan bo két ndi giita cac khdi véi nhau, bao gém cac cam bién, nut

nhan, cac chan két ndi vai board xu Iy Arduino Mega 2560.
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Hinh 2.28: So' d6 nguyén Iy toan mach
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Chuwong 3: THI CONG HE THONG

3.1. Gigi thiéu:

Trong chuwong nay la qua trinh thi cdng mé hinh thung rac, lam mach in, lap
trinh, 1ap rap phan cang va test cac module. Bén canh d6 1a hinh v& duoc chup tir md
hinh thuc cua thing rac bén ngoai, hinh chup céc két qua chay ma mé hinh cé thé c6
tinh tGi thoi diém hién tai
3.2. Mach in:

3.2.1. Gigi thigu phan mém Altium Designer

Altium design c06 1€ khdng con gi xa la vaéi sinh vién k¥ thuat ching ta. Véi cong
d6ng sir dung dong dao trén khap thé gi¢i. Phan mém Altium Designer thiét ké PCB
cua Altium da giup mot loat cac cong ty thanh cong trong viéc thiét ké cac san pham
va hé thong dién tir thé hé tiép theo. N6 bao gom tat cac nhitng cong cu can thiét cho
mot ban thiét ké dién tr hoan thién, nhu cong cu thiét ké ban v& nguyén ly, ban vé
mach in, md phong mach dién, phéan tich tin hiéu, méi truong lap trinh VHDL, moi
truong thiét ké va phat trién hé thong nhung FPGA, ...Dic biét Altium Design manh
vé kha niang mé phong 3D gitp nguoi thiét ké c6 thé nhin mach cia minh mot cach
tryc quan va chinh xac nhat.
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Hinh 3.1: Giao dién thiét ké Altium Design
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3.2.2. Mgch in khéi do dwong:
Véi yéu cau thiét ké mot module led quang tré dé doc vi tri trén Duong va gui gié tri
vé Board dé xt ly. Vi thé nhom da thuyét ké so do nguyén Iy va mach in bang Altium

design.

Hinh 3.2: Mach in khai do dwong
Mach in duogc thiét ké theo so @6 nguyén Iy va céc linh kién dugc b tri va sip xép
nhu hinh 3.3

) 33?‘@ }EQE ® @Ee "'geﬁggegg@(,ﬁ?

LDR8 LDR? LOR& LDR3 LOR2 LDR1

L!-:l:)l‘621 LED1S LED14 LEDIO LEDS

Hinh 3.3: Mach 3D khdéi do dwong
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3.2.3. Mach in khai xa i trung tam:

— I A TR

Hinh 3.4: Mach in tong x: Ii hé thong
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Tuong tu nhu mach in khdi do duong, mach duoc thiét ké theo so dd nguyén ly va
cac linh kién duoc bd tri va sap xép nhu hinh 3.5

[elele|==2 ., joree, .

LR R LR )

Hinh 3.5: Mach 3D téng xir Iy hé thong
3.3. Thi cdng mo hinh:

Hinh 3.6: Hinh anh md hinh thung rac mé phong
Chuén bi vat liéu: Thuéce, kéo, mica, khoan, 6c vit, 1 thung rac c6 sin & nha dé tién
hanh thi cong.
Ban ddu ching ta do dac va va tién hanh Ip rap céc chi tiét véi nhau dya vao yéu cau
cia dé tai.

Hinh 3.7: Hinh anh nhém Iap rap mé hinh
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Hinh 3.8: Hinh anh thuc té thiét ké md hinh
Tién hanh lap rap céc board xir Ii Arduino Mega 2560, module do duong va cac cam
bién cho dé tai.

Hinh 3.9: Ldp rap cac khéi véi nhau

3.4. Lap trinh cho md hinh:
3.4.1. Gidi thiéu phan mém ldp trinh Arduino IDE

Arduino IDE khong thé thiéu khi ching ta 1ap trinh Arduino. La mot phan mén
lap trinh m& ngudn ma mién phi, sir dung Str dung ngdn ngit 1ap trinh C/C++ than
thién véi cac 1ap trinh vién va cong dong sir dung dong dao va chia sé thu vién phong
pht. N6 bao gébm céc phan chinh 1a Editor (trinh soan thao vin ban, dung dé viét
code), Debugger, Compiler hoac interpreter (cong cu giup bién dich code thanh ngdn
ngit ma vi diéu khién c6 thé hiéu duoc va thuc thi code theo yéu cau nguoi dung).
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@ sketch_mary28a | Arduine 1.8.18 - o -

File Edit Sketch Took Help

OO0 BERA

Vang
Lénh

— sketch_may28a

Ving
vigt - 1 o) |
chwong . L
trinh

Vang

thiéng

biao

Arguing WMega o Mepa 2500, ATmaepals00 (Mepa 2950 on GO

Hinh 3.10: Giao dién Arduino IDE
Bang 3.1: Churc nang cdac nhom lénh Trong Arduino IDE

\$f Verify Kiém tra 18i va bién dich code

@ Upload Dich va upload code vao bo mach d4 dugc cai dat san
B New Tao sketch mdi

$_| Open Mé& mat sketch c6 sdn

¥ Save Luu sketch

o2 Serial Monitor M serial monitor.

Luu y: Chung ta phai chon Port va Board mach phu hgp méi nap chuong trinh dugc.

| @ sketch_octO8a | Arduino 1.... = _ >

telp ) .

Auto Format Ctrl+T

— —hia sau tén chuon

Archive Sketch

Fix Encoding & Reload

Serial Monitor Ctrl+Shift+ M 2
Serial Plotter Ctrl+Shift+L ‘

o Pn LYo T P H 1L

1 F ' ot O Serial ports
put yd s ~ coma
Programmer: "AVRISP mkll™

Burn Bootloader I_]

dung. Ludn chua y t&i muc n

15i thwong gap kKhi lap tr

>

Update avallablie for some of your Doards and
ibeanes

Hinh 3.11: Chon Port dé két noi
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3.4.2. So dé thugt toan

Khei tao, céu hinh phan clmg

S Mode=1
Boc gi4 tri quang trd qua ADC PIDrobot run() [
PIDrobot run() Quay dau 180°
g 0 Dimg lai va phét dm thanh canh bao
Bom ON
ot b [E}
0 Dirmg lai vi phét 4m thanh canh bio S 0 P
b -
- S _PIDrobot run() - Quay ddu 180°
Mé nip Niip mé 3s ro1 dong Boc gid tri quang tr6 qua ADC
l PIDrobot run()
b
Button =10

Mode =1 Mode =0

Hinh 3.12: Luu dé thudt todn chirong trinh chinh

3.4.3. Gidi thich lwu d thugt toan

Khi cap ngudn, thiét bi s& khoi tao, ciu hinh dinh nghia cac chén, doc cac gié tri
cam bién, thiét 1ap toc d6 xung, téc do cho 2 dong co khai bao cac bién lién quan va
trong ché do cho (Mode 0): trong ché d6 cho, cac cam bién hong ngoai va siéu am
lien tuc phat va thu tin hiéu dé giri vé board xt Ii thuc hién cac chirc ning nhu dong
Mo cira, bom séat khuan.

Khi thiing rac nhan tin hiéu day, thung réac s& chuyén sang ché do di chuyén dén
noi thu gom (Mode 1). Bing céch doc gi4 tri quang tré thong qua bo chuyén doi ADC
trén vi diéu khién, dé xac dinh vj trf va tinh toan PID diéu khién toc do dong co dé
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thing rac c6 thé bam duong va di chuyén dén noi tap két. Khi dén noi tap két thang
rac s& mo nap trong 3 gidy rdi dong.

Néu ta nhan nat nhan, thing rac s& quay dau 180° tién vé& diém bat dau tiép tuc
quay 180°va trg vé trang thai chd (Mode 0).

3.5. Huéng dan sir dung:

Ban déu, ta gat nt cdng tic dé cung cap ngudn, khai dong cho toan bo hé thong,
khi gat cng tic, cam bién do duong s& phat sang va phat tin hiéu am thanh thdng béo,
sau khoang 1 giay dén 5 gidy, toan bo hé thdng di sin sang trang thai hoat dong thong
qua 3 tiéng am thanh canh bao. Dé robot chay ding yéu cau, trudc tién ta phai cho
robot hoc mau & bén ngoai, tirc 1a phan nén mau trang trong khoang 5 gidy, sau do ta
s& dua robot vao ché do san sang, & trang thai cho, thing rac co cam bién phat hién
vat can dé mo nap tu dong, phét hién vat can dé bom nudc ria tay sat khuan. khi thing
rac phat hién rac trong thung da day, thing rac xuat ra man hinh LCD ti Ié phan trim
rac trong thung la hién canh b&o véi nguoi dung, ngay sau d6, thung rac ty dong do
duong sau ba tiéng &m thanh canh béo, thiing rac chay véi toc do vira phai dé tranh
roi rai réc trén dudng di, dong thoi néu o vat can chian ngang dudng di, thung rac sé
dirng lai ngay va phét ra &m thanh canh bao, khi di hét duong di ké san, thing rac tu
dong mo nap va sau d6 dong lai. ta chi can bam nat thi thang rac sé& ty quay nguoc
180 d¢ d¢ trér vé vi tri cii va chd & do.
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Chuwong 4: KET QUA - PANH GIA

4.1. Gigi thiéu:

Chuong nay trinh bay két qua cua qua trinh nghién ctru 1am dé tai trong thai gian
vira qua. Bao gém nhan xét, danh gia va huéng dé xuét phat trién ciia mé hinh dé hoan
thién va di vao thuc té sir dung.

4.2. Két qua yéu cau dat dwoc:

Biét dugc chuc ning, nguyén 1i hoat dong cua cac loai cam bién. Cac cam bién
sir dung trong dé tai nay da phan 1a cam bién siéu am, cam bién tiém can. Tuy vay,
chi can nhin vao mic do xuat hién caa cam bién siéu &m, cam bién tiém can ciing nhu
tinh da nang ctia n6 két hop duoc véi nhiéu yéu cau do khoang cach khac nhau ciing
da chi cho ching ta thay duoc tinh théng dung cia né nhu thé nao trong cudc séng
hién dai ngay nay. Qua trinh nghién ctru d¢é tai nay da gitip nhoém thyc hién nang cao
k{ nang doc, hiéu cam bién, trau doi thém kién thirc vé céc loai cam bién. Dac biét 13,
tang kha ning van dung Iy thuyét vao thuc té, cd kha niang lua chon duoc loai cam
bién phu hop véi ting y&u cau cuaa thyc tién cua dé tai.

Biét cach str dung Arduino Mega 2560. Arduino Mega 2560 la mot trong nhiing
board mach thong minh dugc sir dung rong rai. Tuy nhién, dé sir dung thanh thao va
day du cac chire ning cua né thi khong phai d&. Va do6 1a két qua ca quéa trinh nghién
ctru dé tai nay ma nhém thuc hién c6 duoc. Ngoai kha ning diéu khién cac ngd ra dé
diéu khién dong co, toc do dong co theo y mudn; kha ning doc gia tri cua cac loai
cam bién khac nhau. Trong dé tai nay, viéc tng dung Arduino Mega dé truy xuat dix
liéu tir cam bién ciing nhu dung dé diéu khién dong co hay nhan dit liéu tir module
cam bién do duong phan hoi vé da cho thay diéu do.

Hiéu vé nguyén ly va cach hoat dong cia module L298N. Mach diéu khién dong
co DC L298 c6 kha ning diéu khién 2 dong co DC, dong t6i da 2A mdi dong co, mach
tich hop bao vé va IC ngudn 7805 gilp cip ngudn 5VDC cho cac module khéc (chi
sir dung 5V nay néu ngudn cap <12VDC). Mach diéu khién dong co DC 1298 dé sir
dung, chi phi thap, d& lap dit, 1 su lra chon ti vu trong tim gié.

Hiéu va vé mach nguyén Iy module cam bién do duong trén phan mém Altium
19. Mach cam bién do duong véi yéu cau phai dap g day du duoc cac chic ning
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theo y&u cau cua dé tai nhu do nhay 6n dinh, hoat dong tdt, c6 thiét ké bo phan céach
ly tai mdi mat thu, méat nhan dé tranh trudng hop nhidu anh sang tir ben ngoai, ngoai
ra coOn phai c6 tinh thaim m§ cao, gon nhe, dy du linh kién.

Lac chay thtr nghiém thuc t€, md hinh c6 chay sai s, chua 6n dinh do nhidu anh
sang tu nhién. Bang su ¢ ging tim toi va tim cach khic phuc tir nhiéu nguén tai lidu
tham khao, nhom d3 khéc phuc mét phan sai s6 va chéng nhiéu cho mé hinh, hién tai
chay 6n dinh trén vach duong. Py ciing chinh 13 module quan trong nhat dé tai vi
xéac dinh duoc vi tri va cho xe chay dung vi tri d6 trong moi trudng ngoai troi thuc té
khong phai 1a chuyén don gian. Nhém thuc sy cam thay rat may man vi day ciing 1a
dip va co hoi dé nghién ciru thém vé hé thdng do dudng tu dong, tir d6 co hudng phét
trién trong tuong lai.

Tim hiéu thuat toan PID, nguyén Iy va ang dung P1D vao robot do duong, cu thé
la tng dung vao mét s6 phan diéu khién trong dé tai.

4.3. Két qua thwc nghiém:
Cam bién do duong nhan biét dugc duong duong trén quy dao chuyén dong.
Dé diéu khién dugc md hinh théng minh nay, ching ta can phai biét dugc
nhitng vi tri ma thung rac di qua nhu diém bat dau, diém tap két.
Vi m6 hinh chu yéu ludn dit sin tai mot vi tri nhat dinh, nén vi tri va hudng di
chuyén s& duoc s& dugc 6n dinh, khdng bi x40 tron hudng di chuyén phic tap.
Ta cho mé hinh chay thir nghiém trén doan duong dai khoang 2 mét, gom diém
Xuat phat va diém két thac.
Day 1a vach duong chay thir nghiém thuc trén gidy A0 nén trang, vach duong
mau den.
4.4. Két qua thu dwoc thuc té:
4.4.1 Chay thé md hinh thiz nghiém thac té
- Chay thir nghiém lan 1: md hinh bam duong 90%
- Chay thir nghiém lan 2: md hinh bam duong 90%
- Chay thir nghiém lan 3: md hinh bam duong 90%
- Chay thir nghiém lan 4: md hinh bam duong 90%
- Chay thir nghiém lan 5: md hinh bam duong 90%
Sau nhiéu lan tinh chinh hé s6 PID, téc 6 dong co, delay, ..., md hinh dan 6n dinh tin
hiéu hon, két qua nhu sau:
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- Chay thtr nghiém lan 6: md hinh bam duong 95%

- Chay thtr nghiém lan 7: mé hinh bam duong 95%

- Chay thtr nghiém lan 8: mé hinh bam duong 95%

- Chay thtr nghiém lan 9: mé hinh bam duong 95%

- Chay thtr nghiém lan 10: mé hinh bam duong 95%

=> Suy ra ti I¢ bam dtng duong la: 93%
4.5. Nhan xét- Panh gia:
4.5.1. Nhan xét
Sau gan 15 tuan nghién cau va thyuc hién, dé tai co ban dap tng duoc yéu cau
thiét ké ban dau. Dudi day 1a mot s nhan xét:
Uu diém:

- M@ hinh c6 thé hoat dong trong mdi truong thong thodng, cé bé mat phan anh
sang tét.

- M0 hinh ty nhan biét rac day théng qua cam bién siéu am va ddng thoi bao
chuéng va hién thj LCD tinh trang rac trong thing.

- Phét hién rac day, md hinh sé& tu dong di chuyén dén diém tap két rac va cho ¢
do.

- Khi xé&c nhan rac trong thung da hét, bang cach bam nat, mé hinh sé& tu dong
di chuyén theo vach duong vé vi tri ban dau va san sang di chuyén dén diém
tap két khi rac trong thang lai day.

- Trén duong di chuyén, néu gap vat can, thang rac sé ding lai va phat théng
bao ra buzzer dé canh bao, néu khdng c6 vat can, md hinh sé di tiép theo lich
trinh.

- M0 hinh s& phét hién nguoi dén bo rac va s& ma nap tu dong.

- M@ hinh c6 st khuan tay tu dong dé tranh cac mam bénh lay nhiém phét sinh.

Nhuoe diém:

- Bi nhiéu do &nh sang manh tir bén ngoai dan dén nhiéu sai s6 va md hinh chay
sai thdng sb.

- Vim0 hinh duoc 1ap trinh bang thuét toan PID nén kho dé tré vé trang thai can
bang chuan trén duong sau khi ding lai

- Cam bién rira tay ty dong doi khi ciing con nhiéu do anh sang bén ngoai.
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- Di chuyén véi d6 chinh xac twong ddi, van con co thé xay ra tinh trang khdng
bam duong.

- Chua c6 sy hd tro caa nhiéu module dé md hinh c6 thé hoan thién, tu hanh doc
lap duoc tét hon.

- Chua c6 thiét bi giam sat, d& gay tinh trang bi mat hoic thang rac di chuyén
lac duong sai 16i.

- Kh6 c6 thé dung trong diéu kién thoi tiét mua bio, hodc nhitng noi mit duong
qua gd ghé, khéng phan xa &nh séng tot.

4.5.2. Danh gia

- Sau qud trinh van hanh tha chay mé hinh, nhém thuc hién danh gia mé hinh
d3 hoan thanh nhitng yéu ciu ban dau da dé ra 93%.

- Tuy rang khi chay trong méi truong ngoai troi 6 anh sang manh hay anh sang
mat troi chiéu truc tiép, thi mé hinh van hanh ciing chwa thuc su téi vu mot
tram phan tram, van con sai s dan dén léch vach duong khi di chuyén.

- Pbi voi mdi mai truong dnh sang, dudng dudng khac nhau, ta phai diéu chinh
lai thdng sé PID sao cho phil hop, diéu nay ciing chua that sy t6i vu vi kién
thizc con han hep, can nhiéu thoi gian hon dé tim hiéu.

- V6i m6 hinh nay ta c6 thé 4p dung & truong hoc, vin phong, cac nha may, xi
nghiép, khu dan cu thwong mai, tir d6 mang lai tinh thAm my cao, sang trong,
gilp giam thiéu stc lao dong, giam phi thué nhan céng.

- Véi gia thanh ré, cau tao khdng qua phuc tap, gon nhe hon so véi cac san pham
cd trén thi treong, nhdm hi vong sé dap tmg duoc nhu cau khach hang.
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KET LUAN

Sau khoang thoi gian nghién ciu va tim hiéu, nhém thuc hién da hoan thanh bao
cdo d6 &n va thi cdng md hinh theo nhitng yéu cau da dit ra ban dau. Trong qua trinh
thuc hién, nhom da thu duoc nhiing két qua nhat dinh.

- Thiét ké thanh céng mé hinh hd trg thu gom réc thai ting dung do duong khé
can di, gon gang tuy nhién chua thyc sy thim m§ cao, d6 chinh xac 90 — 95%.

- Thing rac c6 kha nang nhan biét duoc rac day trong thung. Hién thi tinh trang
rac trong thung ra man hinh LCD.

- Khi phét hién rac trong thung day, thung rac c6 thé tu di chuyén dén vi tri tap
két réc.

- Khi ta dé tay vao khu vuc sat khuan thi thung rac s& nhan tin hiéu tir can bién
tiém can va diéu khién bom dung dich vao tay dé sat khuan.

- Téi vi tri dinh vi san thi diing lai, mé nap san, chd nhan nat thi co thé quay vé
Vi tri ci.

- Trong ltc di chuyén, néu gap vat can phia trudc, thing rac ding lai va phat ra
tiéng kéu dé moi nguoi né tranh,

- CO6 kién thuc vitng vé cach lap trinh Arduino Mega, céch st dung, 1ap trinh cho
cac module cong suat, cam bién siéu am.

Tuy nhién, dé tai con mot sé6 diém han ché nhu:

- M6 hinh hién tai st dung khéng phu hgp véi méi truong su dung ngoai troi ma
phu hop str dung trong van phong, trong nha hon.

- Thinh thoang gap truc tric vé van dé cam bién siéu am khong do dugc khoang
cach mac du cam bién siéu &m hoat dong binh thuong.

- Sai s6 vi tri van con tuong dbi Ion do module cam bién do duong bi nhiéu anh
sang.

- Thoi lugng pin st dung chua duoc lau.

- Kha ning bao quan thing rac khi ¢ diéu kién xau nhu muwa bio s& la rao can
I6n khi thung rac dugc sir dung ¢ ngoai troi
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Hwéng phat trién:

- Sir dung nguédn pin ning luong mat troi thay thé pin sac hién tai.

- Ung dung thuat toan xir ly anh thuc dé nhan biét vat can va méi trudng xung
quanh dugc rd rang, chi tiét hon.

- Két hop thém cac cam bién khac dé t6i vu cho mé hinh khi hoat dong ngoai
troi cling nhu trong viéc nhan dang quy dao di chuyén tét hon.

- Ung dung IOT dé quan Iy thung rac trén app dién thoai hodc webserver.

- C6 thé tich hop robot cho nhiéu ung dung khac nhu giao hang.

TAI LIEU THAM KHAO

1. Tai liéu tham khao la sach:

- Pham Minh Tuan (2020) — Arduino cho ngudi méi bat dau.

- Tai liéu tham khao tir cc ngudn khod luan, bai luan khéc:
[1]. Théi Xuan Thién (2014). Piéu khién xe robot. Bao cdo do an mon hoc 2 nganh ty
dong hoa, Truong Pai hoc Bach Khoa HCM.
[2]. Hoang Vian An, DS Tuan Anh, Tran Minh Chién, Dodn Hoang, Nguyén Minh
Hoang (2017). Thiét ké robot do dwong. B6 an mon hoc, Truong Pai hoc Bach Khoa
HCM.
2. Tai tham khao tir Internet:
[3]. Thyc trang quan ly réac thai ¢ nudc ta hién nay:
https://kinhtemoitruong.vn/thuc-trang-va-cac-giai-phap-gquan-ly-rac-thai-sinh-hoat-
bang-cac-cong-cu-kinh-te-o-viet-nam-59229.html
[4]. M6 hinh hd tro thu gom réc thai & bién:
https://baotainguyenmoitruong.vn/sinh-vien-bach-khoa-da-nang-voi-sang-che-may-
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[5]. Thung rac tu dong théng minh:
https://dean1665.vn/svs2021/linh-vuc-cuoc-thi/thung-rac-tu-dong-thong-minh-
322.html.
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PHU LUC

/Il config.h

#define adc(A) analogRead(A)

#include <LiquidCrystal.h>
LiquidCrystal Icd(45, 43, 47, 49, 41, 53);
#include <Servo.h>

Servo myservo;

#define trigl 29  // cb vat can
#define echol 31

#define trig2 33 // cb nap
#define echo2 35

#define swl 23

#define sw2 25  //button
#define pump 9

#define IR1 23

#define buzz 39

#defineena2  // left motor
#define inl 3

#define in2 4

#define in35  // right motor
#define in4 6

#define enb 7

void tien(int x, int y ){
digitalWrite(inl,1);digitalWrite(in2,0);
digitalWrite(in3,1);digitalWrite(in4,0);
analogWrite(ena,x);analogWrite(enb,y);

}

void spin(int x, inty ){
digitalWrite(inl,1);digitalWrite(in2,0);
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digitalWrite(in3,0);digitalWrite(in4,1);
analogWrite(ena,x);analogWrite(enb,y);

}

void dung(){
digitalWrite(in1,0);digitalWrite(in2,0);
digitalWrite(in3,0);digitalWrite(in4,0);
analogWrite(ena,0);analogWrite(enb,0);
}
/] tick buzz
void tick(int x)
{
for(int j=0;j<x;j++)
{
digitalWrite(buzz,1); delay(100);
digitalWrite(buzz,0); delay(100);
}

}
// @dng nap servo 180->0

void close_lid(){
for (int pos = 180; pos >= 0; pos -= 1) { // close entry
myservo.write(pos);
delay(15);

¥
¥

/I mé nap servo tir 0->180
void open_lid(){
for (int pos = 0; pos <= 180; pos += 1) { // goes from 0 degrees to 180 degrees
Il in steps of 1 degree
myservo.write(pos); // tell servo to go to position in variable 'pos’
delay(15); // waits 15ms for the servo to reach the position

}

b
// khai bao input
void pin_init(){
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myservo.attach(8);
myservo.write(0);

pinMode(ena, OUTPUT);pinMode(enb,OUTPUT);
pinMode(in1,OUTPUT);pinMode(in2,0UTPUT);
pinMode(in3,0UTPUT);pinMode(in4,OUTPUT);
dung();
pinMode(buzz,OUTPUT);pinMode(pump,OUTPUT);
pinMode(trigl,OUTPUT);pinMode(echol,INPUT);
pinMode(trig2, 0UTPUT);pinMode(echo2,INPUT);
pinMode(IR1,INPUT);
pinMode(sw1,INPUT_PULLUP);
pinMode(sw2,INPUT_PULLUP);
digitalWrite(pump,1);
tick(1);

¥

int kcach(int Trig_PIN, int Echo_PIN)

{
unsigned long duration; // bién do thoi gian
int distance; // bién luu khoang cach

[* Phat xung tur chan trig */

digital Write(Trig_PIN,0); // tit chan tri
delayMicroseconds(2);

digitalWrite(Trig_PIN,1); // phat xung tir chén tri
delayMicroseconds(5); // xung c6 do dai 5 microSecond
digital Write(Trig_PIN,0); // tit chan trig

[* Tinh toan thoi gian */

// BPo @6 rong xung HIGH & chéan echo.
duration = pulseln(Echo_PIN,HIGH);
I/ Tinh khoang cach dén vat

distance = int(duration/2/29.412);

if (distance>100) distance=100;

return distance;
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I MAIN:

#include "config.h"

unsigned int a[9]; // mang a gdm 9 phan ti
unsigned int thresh[9], unthresh[9];

IIposition variables (bién khoang céch)
float Err=0, pre_Err=0; // bién tim 15i sai
float target=0;

/I speed of motor
const uint8_t baseSpeeda = 170; I base speed of left motor
const uint8 t baseSpeedb = 170; // base speed of right motor

// PID constants
float kp = 27;
float kd = 2.4;
float ki = 1.2;

// PID calculation
float eprev = 0;
float eintegral = 0;

/I time
long prevT =0;

//global variables(bién toan cuc)
bool check=0;

int mode=0;

int count=0;

/ltrash variables(bién thung rac)
int dis1=0,dis2=0; // khoang céach 2 cam bién siéu &m
int trash_percent=0; // phan traim cho LCD
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bool NapOn=1,
long time2=0;
int bins_height=29.5;

/Ivirus variables
bool pumpOn=1;
long timel1=0;

void setup() {

Serial.begin(9600);

pin_init();

Icd.begin(16,2);// Icd 1602

Icd.setCursor(0,0);1cd.print("Loading........ ");

for(int i=3;i<12;i++){ // hoc mau
unsigned int sum=0;
for(int i1=0;i1<50;i1++) {sum += adc(i); delay(2);}
a[i-3]=sum/50;
Serial.printIn(String(i-2) + ™:" +String(a[i-3]));

}

calc_thresh();

delay(1000);Icd.clear();

tick(3);

void calc_thresh()
{
unsigned int max_a[9] = {530,445,315,500,600,750,680,610,500}; //new version(gia tri
doc dugc khi tat ca nam trén line)
for(int i=0;i<9;i++)
{
thresh[i] = a[i] + (max_a[i]-a[i])*5/10;
unthresh[i] = a[i] + (max_a[i]-a[i])*3/10;
}
for(int i=0;i<9;i++){
Serial.print(thresh[i]);Serial.print(* **);
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}
Serial.printin();

for(int i=0;i<9;i++){
Serial.print(unthresh[i]);Serial.print(* ");

}
Serial.printin();

}

unsigned int line()
{
unsigned int temp=0;
for(int i=3;i<12;i++)
{
if(adc(i) > thresh[i-3] ) temp|=(0x0001<<(i-3));
if(adc(i) < unthresh[i-3]) temp&=~(0x0001<<(i-3));
delayMicroseconds(50);
}
//Serial.printIn(temp,BIN);
return temp;

}

void findErr()
{

/*
*err>0:robotis in the leftside
*err >0 : turn right, v of left motor > right one
* and other wise
*/
unsigned int lineT=line();
/[ Serial.print(lineT,BIN); Serial.print(" ");
/I Serial.printin(Err);
if (lineT==0b000000000) {Err=10; return;} // robot out of line
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else if (lineT==0b000010000) {Err=0; return;}
else if (lineT==00000110000) {Err=0; return;}
else if (lineT==0b000011000) {Err=0; return;}
else if (lineT==0b0000111000) {Err=0; return;}

else if (lineT==00000001000) {Err=0.85; return;}
else if (lineT==0b000001100) {Err=0.85; return;}
else if (lineT==00000011100) {Err=0.85; return;}

else if (lineT==00000000100) {Err=1.5; return;}
else if (lineT==0b000000110) {Err=1.5; return;}
else if (lineT==00000001110) {Err=1.5; return;}

else if (lineT==0b000000010) {Err=3; return;}
else if (lineT==0b000000011) {Err=3; return;}
else if (lineT==0b000000111) {Err=3; return;}

else if (lineT==0b000000001) {Err=5; return;}

else if (lineT==00000100000) {Err=-0.85; return;}
else if (lineT==00001100000) {Err=-0.85; return;}
else if (lineT==00001110000) {Err=-0.85; return;}

else if (lineT==0b0001000000) {Err=-1.5; return;}
else if (lineT==0b011000000) {Err=-1.5; return;}
else if (lineT==0b011100000) {Err=-1.5; return;}

else if (lineT==0b010000000) {Err=-3; return;}
else if (lineT==0b110000000) {Err=-3; return;}
else if (lineT==00111000000) {Err=-3; return;}

else if (lineT==0b100000000) {Err=-5; return;}
else {
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}
void PID_robotRun(float In) /l Err as input for Pld void

{
if(In'=10){
long currT = micros();
float deltaT = ((float) (currT - prevT))/( 1.0e6 );
prevT = currT,

/lerror

float e=In-target;

/lderivative

float dedt = (e-eprev)/(deltaT);
I/ integral

eintegral = eintegral + e*deltaT;

/lcontrol pwm signal
float u = kp*e + kd*dedt + ki*eintegral;// cong thic PID

int Motorspeeda = baseSpeeda + u;
int Motorspeedb = baseSpeedb - u;

/I motor power
constrain(Motorspeeda,0,255);
constrain(Motorspeedb,0,255);

Serial.print(e);Serial print(" ");
Serial.print(Motorspeeda);Serial.print(" );
Serial.printin(Motorspeedb);

// robot run inl and in3

digitalWrite(inl,1); digital Write(in2,0);

digitalWrite(in3,1); digitalWrite(in4,0);
analogWrite(ena,Motorspeeda);analogWrite(enb,Motorspeedb);
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/I store previous error(luu tru loi lan truoc)
eprev = e;
}
else {
dung();
count++;
if((count%2)==1){
open_lid(); I/ open entry
delay(3000);
close_lid(); /I close entry
Icd.clear();
mode=0;
Serial.printIn(*“robot stop!!");
return;
}
else{
turnAround();
mode=0;
Serial.printin("robot stop!!™);
return;
}
}
}

void find_line(){
while(line()==0) tien(200,200);
dung();
tick(2);

b

void turnAround(){ /1 robot turn around into line then stop
spin(170,170);
delay(2500);
while(line()<8) Serial.printin(line(),BIN);
dung();delay(500);
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void loop() {

/I char c=Serial.read();
Il if(c=="q'{

/I find_line();

Il check=0;

I}

I else if(c=="r"){

Il check=1;

I}

I else if(c=="s"){

/I dung();

Il check=0;

I}

I else if(c=="t'){

/I turnAround();
I}

I else if(c="I{

/I findErr();

I}

Il if(check==1){

Il findErr();

/I PID_robotRun(Err);
Il Iif(Err==10) {dung();check=0;}
I}

while(mode==0){
Icd.setCursor(0,0);lcd.print("Rac: ");lcd.print(trash_percent); lcd.print("% *);
if(digitalRead(IR1)==0){
timel=millis();
while(millis()-time1<3000&&pumpOn==true){ // bom nuoc trong 3s
digitalWrite(pump,0);
if(digitalRead(IR1)==1){
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digitalWrite(pump,1);
delay(500);
break;

¥

¥

pumpOn=false;

digitalWrite(pump,1);
}
else {

pumpOn=true;

digitalWrite(pump,1);
}

disl=kcach(trigl,echol); /I do kcach phia truoc

if(dis1<6){
time2=millis();
NapOn=0;
open_lid();  // mé& nép trong 4s
while(millis()-time2<4000){
}
close_lid(); //
}
else {
NapOn=1;
myservo.write(0);

}

if(NapOn==1){ // nap closed
dis2=kcach(trig2,echo?2); // do kcach toi rac
trash_percent=dis2*100/bins_height;
trash_percent=100-trash_percent;
if(trash_percent>80){
Icd.setCursor(0,1);lcd.print("Trash full!!!™);
tick(5);
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find_line();
mode=1;
goto Go;
¥
}

if(digitalRead(sw2)==0){
delay(30);
if(digitalRead(sw2)==0){
Serial.print("button is pressed!");
while(digitalRead(sw2)==0);
tien(150,150);delay(1000);
turnAround();
mode=1;
goto Go;
}
}
delay(100);

}

Go:
while(mode==1){

disl=kcach(trigl,echol);

if(dis1<10) {dung();digitalWrite(buzz,1);}

else {findErr();PID_robotRun(Err);digitalWrite(buzz,0);}
}
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