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Do 4n tap trung nghién ciru va xay dung md hinh xe dién thong minh tich hop ba
hé théng ¢t 16i: hé théng do line, hé théng tranh vat can, va dic bi¢t 1a cong nghé giao
tiép giita cac phuong tién (Vehicle-to-Vehicle — V2V) nham nang cao tinh an toan va tu
dong hoa trong diéu khién phuong tién.

Trong mo hinh, hai xe dién dugc thiét ké: mot xe dan dau va mot xe di sau. Xe dan
dau st dung cam bién line dé do dudng, két hop cam bién siéu Am dé phat hién vat can
phia trude. Khi gdp chudng ngai vat, xe 1ap tic dung lai va gui tin hi¢u “STOP” dén xe
sau thong qua giao tiép khong day sir dung module LoRa. Khi vat can duogc giai phong,
xe truyén 1énh “GO”, cho phép xe phia sau tiép tuc hanh trinh. Co ché nay mé phong
chinh x4c nguyén 1y hoat dong ctia hé thong V2V trén cac xe thong minh thyc té, noi
cac phuong tién c6 thé trao doi thong tin vé trang thai van hanh, canh bao nguy hiém va
tu dong diéu chinh hanh vi ma khong can su can thi€p tir con nguoi.

Heé thng do line duge didu khién bang thuat toan PID gitp xe di chuyén on dinh
theo vach dinh san, trong khi hé théng tranh vat can st dung cam bién siéu am dé tam
dirng chuyén dong khi gip chudng ngai va ty dong tiép tuc khi an toan. Céng nghé V2V
dong vai trd trung tAm trong viéc dong bd hoa trang thai giira hai xe, dam bao ca hai xe
hoat dong phdi hop an toan va hiéu qua.

Do an ap dung vi diéu khién Arduino Uno va cic module truyén thong LoRa dé
hién thyc héa mo hinh, ddng thdi xay dung co so 1y thuyét vimg chic dua trén diéu
khién PID, giao tiép khong ddy va nguyén 1y van hanh cua hé thong xe dién. Két qua
dat duoc khong chi minh ching tinh kha thi ciia cong nghé V2V trong thuc té, ma con
dit nén mong cho vi¢e phat trién cac hé théng diéu khién doan xe thong minh, hd tro
dinh hudng twong lai cho xe tu hanh va hé théng giao théng thong minh.
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LOI NOI PAU

Sau qua trinh hoc tdp va nghién ctru tai Trwomg Pai hoc Bach Khoa — Dai hoc
Pa Ning, dugc trang bi nhimng kién thirc chuyén nganh vé Co khi Pong lue, em da co
co hoi van dung va phét trién nhirng kién thire do thong qua viéc thuc hién Po 4n tot
nghiép (Capstone Project). Diy 1a mot cot moc quan trong gitp em tong hop kién thirc
d3 hoc, rén luyén k¥ ning tu duy, lam viéc doc 14p ciling nhu tiép can thuc té nghé nghiép.

Trong subt qua trinh thyuc hién dd 4n, em di nhan duge sy hd tro tan tinh va quy
bau tir cac thay cd, don vi huéng dn. Em xin bay to long biét on sau sic dén TS. Hoang
Thing — giang vién hudng din da ludn tan tinh chi bao, dinh huéng, gop y va dong hanh
cing em trong sudt thoi gian thyc hién do 4n. Nhitng nhan xét va hudng din cua thay la
kim chi nam gitip em hoan thién dé tai mot cach tot hon.

Em cling xin chin thanh cam on TS. Lwu Pwc Lich — gidng vién phan bién da
danh thoi gian xem xét, danh gia va dua ra nhirg nhén xét, gop y xac dang dé em co
thé nhin nhén lai dé tai mot cach khach quan hon va rut ra nhiéu bai hoc quy bau.

Pong thoi, em xin giri 10i cam on dén céc thay co trong Khoa Co khi Giao thong
da ludn tao di€u kién hoc tap thuan loi, truyén dat kién thirc nén tang cling nhu ho tro
em trong sudt qua trinh hoc tp va thuc hién do an.

Em ciing xin chan thanh cam on Xi nghiép Pau may Sai Gon — co sé Pa Nang,
noi da tao diéu kién cho em thuc tip thuc té, tlep can quy trinh van hanh, sira chita dau
may va tich lily thém nhiéu kinh nghiém thuc tién quy bau.

Mic du d3 nd luc hoan thanh d6 4n véi tinh than nghiém tic va trach nhi€ém, nhung
do thot gian ¢ han va nang lyc ban than con han ché, bai bo céo khong thé tranh khoi
nhitng thiéu s6t. Em rat mong nhin duoc sy thong cam cung nhitng gép ¥ quy bau tir
quy thay c6 dé co thé rut kinh nghiém va hoan thién hon trong cac cong viéc twong lai

Em xin chan thanh cam on!

il
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MO DAU

Muc dich thuee hién dé tai
Theo théng ké, ty 1€ 16n cac vu tai nan giao thong xay ra do su thiéu chi y hodc
sai s0t cua nguoi lai xe. D€ giai quyét van dé nay, viéc nghién ctru va phat trién hé thong
Cruise control két hop voi cong nghé Vehicle-to-Vehicle (V2V) dang tro nén hét sirc can
thiét. Hé thong cruise control truyen théng giup duy tri tdc do cuia xe mot cach tu dong,
nhung khi két hop voi V2V, hé thong nay cé thé tré thanh mot céng cu manh mé dé
tranh va cham. Thong qua viéc giao tiép véi cac phuong tién xung quanh, xe c6 thé nhan
dién dugc tinh trang giao thong, khoang cach voi cac xe khac va nhan dién cac tinh
hu6ng nguy hi€ém. Khi phat hién mét nguy co va cham, hé thong c6 thé ngay lap tire dua
ra canh bdo cho ngudi lai hoac tu dong diéu chinh toc do va khoang cach dé giam thiéu
rui ro.
Muc tiéu nghién ciru
Xay dung mo6 hinh xe dién va tich hgp cong nghé thong minh.
Néng cao an toan giao thong, giam thiéu nguy co va cham.
Giam tiéu thu nhién liéu va khi thai nho t6i wu hoa téc d6 va khoang cach.
Pham vi va déi twong nghién ciru
Tim hiéu khai quat vé cau tao, nguyén 1y hoat dong cia xe dién.
Tim hiéu chirc ning, nguyén 1y hoat dong cua hé thong Cruise Control System va
Cong ngh¢ Vehicle-to-Vehicle.
Thiét ké m6 hinh xe va ldp dat cic bo mach cia h¢ thong CCS két ndi véi cong
nghé giao tiép thong qua module LoRa.
Phwong phap nghién ciru
Ung dung phan mém Aduino IDE dua thuét toan vao bo mach Aduino Uno
Kiém nghiém d6 chinh xac (mg véi diéu kién téc d6 va khoang cach cua 2 xe.
~ Xay dyng mo hinh xe thong minh sir dung hé thong Cruise Control tich hop cac
yeu to giao ti€p V2V dé kiém tra h¢ thong phan ing thong tin tir cac xe khéc.
Dénh gia d¢ tré trong giao tiép va ty 1¢ 18i dé x4c dinh hiéu suit cua hé théng.
Noi dung nghién cvuru
Duya véo viéc trao d6i thong tin gilta cac phuong tién ¢ gan dé canh bao nguoi lai
vé cac tinh hudng nguy hiém c6 thé din dén va cham.

Hé théng Cruise Control thong minh duy tri van tdc 6n dinh giup ngudi lai thu
gian hon trong cac chuyén di dai va khi tich hop vdi cong nghé V2V tao mét mang ludi
va truyén thong tdm ngan chuyén dung (DSRC) dé nang cao tinh an toan can thiét.

Sinh vién thyc hién: Dang Minh Hiéu ~ Huéng dan: TS. Hoang Thang 1
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Chuong 1: TONG QUAN

1.1. Sw phit trién clia cong nghé trong nganh cong nghiép 6 to.
1.1.1. Lich s phdt trién é t6

That kho dé xéac dinh viéc phat minh ra 6 to dién cho mot nha phat minh hay qudc
gia nao. Lich str xe dién trai qua thoi ky cua mot loat cac budce dot pha, tir pin td1 dong
co dién. Vao dau thé ky 19 céc nha doi méi ¢ Ba Lan va Hoa Ky bat dau dua ra khéi
niém xe chay bang pin va tao ra mot s6 6 to dién quy mo nho dau tién. Thoi ky nay xe
chay bang ngudn ning lwong dién da co vi thé canh tranh twong dwong véi xe chay bang
dong co hoi nudc. Theo dong lich sur, vao khoang nhitng nam 1832 va 1839, Robert
Anderson ngudi Scotland di phat minh ra loai xe dién chuyén chd dau tién. Nam 1842,
hai nha phat minh nguo1 My 1a Thomas Davenport va Scotsmen Robert Davidson tré
thanh nhitng nguoi dau tién dua pin vao sir dung cho 6 to dién [1].

Hinh 1.1 Loai xe dién chuyén cho dau tién

Dén nhing ndm 1865, Camile Faure da thanh cong trong viéc nang cao kha ning
luu trir dién trong pin gitp cho xe dién c6 thé di chuyén mot quang dudng dai hon.

Tai Hoa Ky, chiéc 6 t6 dién chd sau hanh khéch 6 kha nang dat tdc tbi da 14 dam
mot gio duge thanh cong ddu tién ra mat vao khoang nim 1890 nhd William Morrion.
Sau vai ndm, xe dién tré nén pho bién va nha san xuat rai rong xuat hién & khip Hoa Ky.
Dén nhitng ndm 1900s, 6 t6 dién dang ¢ thoi hoang kim, chiém 1/3 tong s6 phuong tién
luu thong trén duong.

Trong khoéng nam 1930s, xe dién budc vao thoi ky tré ngai voi rét it tién b trong
cong ngh¢. Sy cai tién dong co dot trong va gia thanh nhién liéu ré, ngudn tai nhién dau

mo doi dao d3 can trd nhu cau vé cac phuong tién st dung nhién liéu thay thé va xe dién
duong nhu khong duoc nhic téi.

Dén cubi nhitng nim 1960 va dau nhitg nam 1970. Gi4 dau ting vot va tinh trang
thiéu xang dau 1én dén dinh diém va Lénh cam dau mo cia khoi A Rap nam 1973 da tao

Sinh vién thyc hién: Dang Minh Hiéu ~ Huéng dan: TS. Hoang Thang 2
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ra mdi quan tAim ngdy cang ting va khi d6 nhiéu nha san xuat 6 t6 bt dau kham phé céac
lya chon cho phuong tién sir dung nhién li€u thay thé, bao gom ca 6 t6 dién.

1832-1839 1899 1500
1831 1380 3

Hinh 1.2 Lich str hinh thanh 6 t6 dién

Tuy nhién, nhiing phuong tién dugc phat trién va san xuat vao nhirng nam 1970
van co nhirng nhuoc diém so véi 6 to chay bang xang Xe dién trong thoi gian nay co
hiéu suét han ché, toc do thap va xe dién c6 xu thé giam dan. Pén nhiing nam 1990s,
viéc quan tam téi blen d6i khi hau trd lai. Trong thoi gian nay, cac nha san xuét 6 t6 bat
dau sira d6i mot s6 mau xe pho bién ctia ho thanh xe dién. Diéu nay co nghia la cac loai
xe dién gio day da dat duogc toc do va hidu suat dién gan hon nhiéu so v0i cac loai xe
chay bang xang [2]. Nhung do chi phi san xuét cao, 6 to dién thoi ky nay gan nhu khong
kha thi vé mat thuong mai. Mac du cong ching khong chi y nhiéu dén xe dién, nhung
cac nha khoa hoc van dang lam viéc dé cai tién cong nghé xe dién, mat do luu trix va kha
nang an toan ciing nhu ting tudi tho trén pin xe dién.

1.1.2. Nhitng méi quan tém vé nganh cong nghiép é té

O t6 1a mot trong nhimg phuong tién di chuyén hang ngay va vo ciing quen thudc
v6i mbi ngudi. Sy xuat hién cia dong co dt trong vao cudi thé ky 19 di tao nén budc
dot pha cho nganh cong nghiép 6 t6 . S6 luong 6 t6 duoc st dung tai Viét Nam va trén
thé gigi ngay mot nhicu va pho bién & moi tang 16p dan cu. Rd rang, khong thé phii nhan
nhimg loi ich ma 6 t6 mang lai trong giao thuong, bu6n ban va cudgc song hang ngay.
Tuy nhién, 6 t6 trang bi dong co ddt trong chinh 13 ddi twong gay 6 nhiém mai truong
hang dau.

Sinh vién thyc hién: Dang Minh Hiéu ~ Huéng dan: TS. Hoang Thang 3
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Hinh 1.3 Cac nguyén nhén gay ra tir viéc sir dung nhién liéu hoa thach [1]

Hién nay, mac du cong ngh¢ xur ly khi thai trén 6 t6 da rat phat trién, nhung khong
thé nao loai bo hoan toan 6 nhlem do nd gy ra. Mot lugng 16n cac chat doc hai van
dugc thai truc tiép vao khi quyén. Phan 16n cac xe hién nay déu sir dung dong co xing,
khi thai ctia dong co nay chu yéu chita CO2 (gay hiéu tmg nha kinh), CO (anh hudng
t61 duong ho hip) hay HC (tac dong nguy hai téi mat, phoi) [2, 3]. Pdi véi cac xe trang
bj dong co diesel, lugng khi thai con nguy hai hon khi trong thanh phan cta né chia rat
nhiéu NOx (nguyén nhan ciia cdc con mua axit) va bui PM (gdy viém hé hip, hen va
ung thu). Theo nhitng nghién ctru gan day, sy phat thai bui PM ctia xe trang bi dong co
diesel c6 thé cao gip 10-40 1an so v&i xe trang bi dong co xang [4]. Do d6, du su dung
dong co xang hay dong co diesel déu co nguy co anh huong dén moi trudng va strc khoe
con nguoi. Pé han ché nhiing tac hai nay, cic qudc gia trén thé gisi dang co xu hudng
chuyén dan sang su dung 0 t6 dién va 0 to su dung nang luong sach.

Sinh vién thyc hién: Dang Minh Hiéu ~ Huéng dan: TS. Hoang Thang 4
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Hinh 1.4 Mat d6 Iuu luong giao thong

Mit d6 giao thong ngay cang gia ting dang tré thanh mot mdi lo ngai 16n tai Viét
Nam, dic biét & cdc do thi 16n nhu Ha Noi va TP. Ho Chi Minh. Sy phét trién nhanh
chong cua dan sé va sé lugng phuong tién ca nhan, nhat 13 6 t6, dd din dén tinh trang
un tic kéo dai, 0 nhiém khong khi va tai nan giao thong gia ting. Ha tang giao thong
chua theo kip téc do do thi hoa, trong khi y thirc tham gia giao thong cua mot bo phan
nguoi dan con han ché, lam tram trong thém van dé. Néu khong c6 nhing giai phap
ddng bd va hiéu qua, nhu mé rong ha tang, phat trlen giao thong cong cong va nang cao
y thic cong ddng, thi mat do giao thong cao sé& tiép tuc 1a rao can 16n ddi véi su phat
trién bén virng ctia dat nude.

Hinh 1.5 Sy cb xay ra tai nan nghiém trong do bat cAn cta nguoi 1i

1.1.3. Xu hwong s dung nhién liéu sach cua 6 to

O t6 dién khong con qua xa la v6i moi ngudi. V6i vu diém han ché/ khong phat
thai tryc tiép khi doc, 6 t6 dién dang 1a xu huéng chinh trong nganh cong nghiép 6 to.
Ngudn dong luc trén xe lic nay khong chi con duy nhat 1a dong co dét trong thong
thuong, thay vao do s€ la su két hop/ thay thé boi dong co dién cong suit cao. Nhing
nam gan day, s6 lwong 6 t6 dién duogc str dung ngdy mot gia ting, dic biét 1a & cac qudc
gia phat trién.

O t6 chay dién vé nguyén tic 13 6 t6 sach tuyét d6i (zero emission) ddi véi moi
truong khong khi trong thanh phd. Ngudn dién ding dé chay 6 t6 duoc nap vao acquy
do d6 quing duong hoat dong ddc 1ap cua 6 t6 phu thugc vao kha nang tich dién cua
acquy. Néu ngudn dién duoc san xut tir cac ngudn ning luong tai sinh (thuy dién, pin
mat troi...) thi 6 to dung dién la loai phuong tién li tuong nhat vé& mit 6 nhiém mai trudng.
Tuy nhién, néu nguon di¢n dugc san xudt tir nhién liéu hoa thach thi vu diém nay bi han
ché néu xét vé muc do phat 6 nhidm tong thé. Ngay nay, 6 to chay bang acquy di dat
dugc nhing tinh nang van hanh can thiét giéng nhu 6 to str dung nhién li¢u 1ong truyén
thong.

Sinh vién thyc hién: Dang Minh Hiéu ~ Huéng dan: TS. Hoang Thang 5



Nghién ciru, thiét k& mo hinh xe théng minh sir dung céng nghé giao tiép V2V

Sy thoog tr] cus
Xxe xing
(1924 - 1960)
Déag co dM 2 ’
trong d4u tide Xe chgy #Xe chisy xiing chiém
sir dyng nhién bdng xang linh thi mrrag San phim c6 Thé b diu
ligu khi dau tidn gion han cua tidn can xe
Xe dsén bldn mat - i o
»” xe dign dida
: 3 ]
1769 1806 1860 1893 1912 1924 1950 1960 1970 1980 1990 2000 2020
[ 1 1 Khong 0o Ny X
Ban dau B¥ing co chay San hrong mie EV Khii nido R Rop.ciig Ne hybeid
v déng co | bing ki cua xe nao tai nguyén nghe t.‘cn 'fm visot \'L, didn
i mpoe | thinh cdng dién cude trién iy v bl ”;"f' ke xe vh 1aiké thng
] b oo Ty P dien Y Y
diu tén A O 16 lxue.}.. x0 kil nlw cdu v
dign DEVIG CUDg
cip xing
Thai ki hoang
ki cuia xe @580
(1890~ 1924)

Hinh 1.6 Xu hudng cai tién 6 to st dung nhién liéu sach

Sy phat trién cua xe dién phu thudc nhidu vao cong nghé acquy. Nhiéu nuée di dau
tu rat 16n cho viéc nghién ctru phat trién acquy dé nang cao hiéu qua nham dap tng yéu
cau cua xe dién, nhung cho t&i nay, két qua dat duoc van con han ché. Kha ning luu trir
nang luong thap cia acquy lam gioi han tam hoat dong cua xe. Vi vay xe dién chi dugc
dung trong pham vi ngan (50 km — 200 km) tuy vao khéi luong ciia xe va mat do luu trit
nang luong. Thyc té cho thiy rang, tinh ning cia xe dién s& khong bao gio vuot qua
duogc xe sir dung nhién liéu 16ng, ngay ca voi nhitng gia tri lac quan vé kha nang luu trix
nang lugng cta acquy.

O t6 dién c6 nhiéu vu diém hon 6 t6 truyén thong sir dung dong co dét trong nhur
khong phat thai khi 6 nhiém, hiéu qua cao, khong phu thudc vao diu mo va hoat dong
ém diu, khong gdy on. Cac nguyén tic hoat ddng co ban cua 6 to dién ciing twong tu nhu
6 t6 sir dung dong co d6t trong, chi khac nhau vé dong co va ning lugng sir dung.

Tuy nhién, 6 t6 dién thuc sy van chua phai 1a giai phap toi wu dé bao vé moi truong.
Nguyén nhan chinh bdi vi ching van phai sir dung nguff)n dién nhan tao (nhiét dién, thuy
dién, dién hat nhan). Méc du chiing khong phat thai truc tiép khi doc ra ngoai méi trudng,
nhung van phan nao tac dong tiéu cuc dén moi trudng xung quanh. Mot giai phap moi
dugc dua ra chinh la sur dung ngudn ning lugng sach. Ning lugng sach ¢ day chinh la
céc ngudn nang lugng tir thién nhién va khong gay phat thai 6 nhiém. Mot s6 dang ning
luong co thé duge xem xét dén, nhu gio, thuy triéu, anh sang mat trdi, dia nhiét, khi
hydro hay nuéc. Trong 56 nang luong ké trén, co thé sir dung nudc, khi hydro hodc anh
sang mat troi dé chuyen d6i thanh nang luong cua 6 t0. Nhiing ngudn ning luong nay
gan nhu khong ton chi phi (hodc c6 thé 1a chi phi rat nho) dé mua, chung khong gay phat
thai 6 nhiém va rat than thién v6i moi truong. Xu hudng sir dung cac mau xe tiéu thy
ning lugng sach dang rit dugc quan tim.
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1.2. Dién hoa trén 6 t6
1.2.1. Gidi thiéu chung

Xe 6 t6 dién 1a loai phwong tién duge cung cip ning lugng boi dong co dién. Thay
vi st dung cac dong co dot trong v&i cac nhién li¢u nhu xang hoac dau diesel, 6 to dién
st dung ning luong duge cung cip tir mot bo pin sac. O to chay hoan toan bang ning
lugng dién goi 1a xe dién thuan tay (EV). Ngoai ra, loai xe 0 to vira c6 thé chay béng
dién, vira c6 thé chay béng cac nhién liéu khéc duoc goi la xe dién lai - xe hybrid
(HEV)[2].

Hinh 1.7 Tong quan xe dién thuan tuy

O t6 dién st dung mot dong co dién cho luc kéo; acquy, pin nhién li¢u cung cép
nguon ndng luong twong g cho dong co dién.

O t6 dién c6 nhiéu wu diém hon cac loai phuong tién sir dung dong co dbt trong,
chang han nhu khong phat thai khi 6 nhiém, hiéu suét cao, doc lap voi ngudn nang lugng
tir ddu mo, yén tinh va hoat dong tron tru. Cic nguyén tat hoat dong co ban gilta 0 to
dién va phuong tién st dung dong co dot ‘trong twong ty nhau.Tuy nhién, mot s6 khac
biét gilta phuong tién su dung dong co dot trong va 6 t6 dién, chang han nhu sir dung
mat bon chira xang so voi nguén pin, dong co dbt trong so v6i dong co dién, va khac
nhau vé yéu cau truyén dan.

1.2.2. Ciu hinh 6 té dién

Trude day, cac xe dién chu yéu dugce chuyén doi tir cac 6 t6 thong thudng bang
cach thay thé dong co dbt trong va thung nhién liéu voi mot dong co dién va pin trong
khi giir lai tAt ca cac thanh phan khac, nhu trong hinh 1.6 . Nhuoc diém nhu: khéi luong
16n, tinh linh hoat v& hiéu suat that 1a nhitng nguyén nhan lam cho xe dién khé ap dung
rong rai [3]. Hién nay, 6 t6 hién dai duoc tao ra co chu y dua vao nguyén ban cua than
va khung suon duoc thiét ke riéng. Diéu nay dap img cac yéu cau vé cdu truc duy nhét
cho 6 t6 va lam cho cac ngudn dong luc day bang dién dugc sir dung linh hoat hon.
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Truyén déng Béng co
co khi dién
Nguén
( ) | ( )
lwona

Hinh 1.8 O t6 dién c6 dién
, Mot 6 t6 dién co ban d}rqc minh hoa trong hinh’1.6. No bao g6m ba hé théng chu
yéu: h¢ dong luc dién, h¢ thong nang lugng, va hé thong phu trg.

- H¢ dong lyc dién bao g6m hé théng diéu khién xe, bd chuyén doi dién, céac dong
co dién truyén dong co khi, va banh chu dong.

- He théng nang luong bao gdm nguodn nang luong bd phan quan 1y ning luong,
va bd phan tlep nang luong dién.

- Hé thdng phu trg bao gdm tro lyuc 13i, diéu hoa, ngudn cung cap ning luong phu
tro.

Duya trén cac yéu t6 dau vao diéu khién tir chan ga va ban dap phanh, hé thong diéu
khién xe cung cip tin hiéu dién thich hop cho bd chuyen d6i nang luong dién ¢6 chure
nang diéu chinh dong dién gitta dién dong co va ngudn ning luong. Nhiing ngudn ning
lugng dugc tai sinh trong qua trinh phanh co6 thé dugc nap vao ngudn nang luong chinh.
Hau hét pin EV dé dang c6 kha ning tiép nhan ngudn nang lugng tai sinh nay.
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Phanh
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Hinh 1.9 O t6 dién hién dai

B0 phén quan ly nang luong cung voi bo phan diéu khién kiém soat hoat dong
phanh téi sinh va phuc hoi ning luong ciia nd. N6 ciing két hop véi cac b phan tiép
nang luong dé kiém soat qua trinh nay va giam sat viéc str dung cac ngudn ning luong.

Ngudn cung cip ning luong phu c6 chirc ndng cung cip ning luong can thiét véi
cac dién ap khac nhau cho tic ca cac thanh phan phu ciia xe nhu: diéu hoa khong khi,
trg luc 1ai, hé thong dén chiéu sang...

1.1.3. Cac dang mo hinh xe dién

C6 nhiéu loai EV ¢6 thé cu tao khac nhau do cac bién thé dua trén dic diém cua
dong luc dién va cac nguon nang luong, nhu trong hinh 1.8.

(@ (b)
| eo— —) c— o
M HSH VS M HHV
®_ @.,
—— — c— —
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Hinh 1.10 C4c loai cu hinh 6 t6 di¢n
M: dong co dién; HS: hop sb; VS: truyén lyc chinh va vi sai; GT: hop giam tdc

a. Hinh 1.8a minh hoa dang co ban nhat ciia xe dién, trong d6 dong co dién thay thé
cho dong co dbt trong cua xe truyén thong. H¢ thong truyén dong bao gom dong co
dién, ly hop, hop s6 va b vi sai. Trong mot sd trudng hop, ly hop va hop sb co thé duoc
tich hop hoic thay thé bang mot hop s6 tu dong.

b. Nho vao déc tinh lam viée cua dong co di€n, voi kha nang duy tri cong suéit lién
tuc trong dai toc d6 rong, ti so truyén ¢ dinh c6 thé duoc sir dung thay cho hop sé nhiéu
cap Diéu nay loai bo nhu cau sir dung ly hop, giup giam trong luong va kich thude hé
thong truyén dong co khi. Dong thoi, cau hinh nay ciing don gian hoa viéc diéu khién
xe, vi khong can phai thay d6i ti s6 truyén khi van hanh.

c. Tuong tu cau hinh (b), dong co dién, cip banh ring giam tdc cb dinh va bd vi sai
c6 thé dugc tich hop thanh mét cum dat gitra hai ban tryc dan dong. Cau hinh nay giap
hé thong truyén dong gon gang, d€ bo tri va tang do tin cdy trong van hanh.

d. Trong céu hinh hinh 1.8d, bo vi sai truyén théng dugc loai bo, thay vao d6 1a hai
dong co di¢n doc lap, moi dong co dan dong mot banh xe. Khi xe ré hpéc quay vong,
hai dong co hoat dong vai toc do khac nhau, dam bao sy linh hoat va 6n dinh khi vao
cua.

e. Dé tiép tuc don gian hoa thiét ké va diéu khién, dong co dién co thé duge dat bén
trong banh xe (in-wheel motor). Mgt cap banh rang gidm toc nhdé dugc tich hop bén
trong banh dé gidm toc do quay va ting mo-men xoan dau ra cuia dong co.

f. O mirc do tich hop cao hon, hé truyén dong banh rang gitta dong co va banh xe
dugc loai bo hoan toan. Roto cua dong co dién tdc do thap duoc nbi truc tiép voi banh
xe chu dong. Trong cAu hinh nay, viéc diéu chinh téc d6 quay cua dong co cling dong
thoi diéu khlen toc do xe. Tuy nhién, dé dam bao kha nang khoi dong va tang toc, dong
co dién can c6 moé-men xodn 16n hon so véi cac cdu hinh khac.
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1.3. Gi6i thiéu cac hé thong va cong nghé dwoc trang bi trén xe dién
1.3.1. Gioi thiéu hé théng Cruise Control
a, Khai niém cua hé tho”'ng Cruise Control

Hé thdng ga tw dong Cruise Control (CCS) duy tri xe chay tai mot tée do do 14i xe
dit trude bang cach diéu chinh tu dong goc md budm ga, do d6 nguoi 1ai khong can
phai giir chan ga. Hé thong ga ty dong Cruise Control (CCS) dac biét co ich khi lai xe
lién tyc khong nghi trong nhiéu gio trén dudng cao tdc hay dudng Xuyén quéc gia véing
ngudi, do nguoi 1ai ¢6 thé tha chan ga dap ga va xe sé& chay & mot téc d6 khong ddi cho
du 1a 1én hay xubng ddc.

Nho ¢6 hé thong ga tu dong Cruise Control (CCS) nhitng chuyén hanh trinh dai s&
it gdy mét moi hon. Hé thong ga tu dong Cruise Control (CCS) duoc ap dung nhiéu trén
nhitng 6td6 My hon nhitng 6t6 Chau Au, bdi vi nhitng con duong & M rong 16n hon va
n6i chung thiang hon.

Véi sy phat trién khong nging cua giao thong, hé thdng ga tu dong Cruise
Control (CCS) dang tr¢ thanh hiru ich hon, nhtng 6t6 doi moi tuong lai s€ dugc trang
bi hé théng ga tu dong Cruise Control (CCS), no s& cho phép 6t cua ban di theo 6t6
phia trudc né trong mot doan xe nhd lién tuc diéu chinh ting toc hodc giam téc dé bao
dam mdt khoang cach an toan.

Hinh 1.11 So d6 bd tri ctia hé thdng cruise control
1. Cam bién khoang cach, rada va bo ,diéu ‘khié’n;’ 2. Hop ECU;, 3. Bo diéu khié?n? can
thiép phanh thong qua ESP; 4. Cong tac diéu khién trén vo-lang va man hinh hién thi;
5. Can thiép diéu khién dong co bang van tiét luu diéu chinh bang dién,; 6. Cam bién
toc do banh xe

Ngay nay da phan cac dong xe 6 to tir hang B trd 1én nhu Toyota Vios, Hyundai
Accent, Honda City, Mazda 2... déu duogc trang bi h¢ thong Cruise Control.
b, Nguyén Iy hoat dong ciia hé thong Cruise Control
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He théng CCS hoat dong theo nguyén ly diéu khién hoi tiép (Close-loop control),
so d6 nguyén 1y thé hién nhu sau:

Xirlytin || Cocau Co cau J o Vim Cam bien
hiéu vao dan dong | chap hanh burom ga toc do xe

Hinh 1.12 So d6 diéu khién CCS

Tin hiéu dau vao chu yéu 1a téc do theo v mubn cua nguoi lai va tdc do thuc cua
xe. Cac tin hi¢u quan trong khac 1a sy di€u chinh Faster-accel/Slower-coast cua nguoi
lai, Resume, On/Off, cong tac phanh, va tin hi¢u di€u khién dong co. Tin hi¢u dau ra
chu yéu la tri s0 ctia bo tro luc diéu khién buém ga, dén bao ON cua CCS.

Khi nguoi 1ai bat Cruise Control, cam bién toc do xe s& truyén tin hiéu vé bo diéu
khién. Sau d6 b6 di€u khién s€ truyén 1éch dén van chan khong, van nay két noi tryc tiép
vo1 budm ga. Van chan khong s€ diéu khién do mé budm ga phu hop. Nho dd ma xe s€
tu dong duy tri toc dd duoc cai dat, nguoi lai co6 thé nhin tin hi€éu dén bao Cruise Control
hién thi trén bang dong ho dé bi€t ching hoat dong hay chua. Khi hé¢ thong Cruise
Control da hoat dong nguoi lai c6 thé budng chan ga va diéu khién toéc dd hoan toan
bang nut tang giam duogc trang bi trén vo lang.

Hé théng diéu khién hanh trinh pht hop sir dung trong diéu kién c6 thé duy tri mot
toc do on dinh trén quang duong dai nhu khi chay xe trén duong trudong hay duong cao
toc. Cruise Control dugc danh gid mang dén nhiéu loi ich.

¢, Uu nhuroe diém cua hé théng Cruise Control
Uu diém:

- Hé théng Cruise Control giup ngudi 14i giam su mét moi khi diéu khién xe trén
duong dai

- Tiét kiém nhién liéu hiéu qua vi ECU s& ty dong tinh lwong xang phu hop nhat (
d6i voi xe sir dung dong co d6t trong) va tdi vu duoc hiéu suit pin (d6i véi xe dién)

- Gilp nguoi a1 kiém soat duoc tdc do xe, han ché vi pham quy dinh gidi han tde
do.

Nhuoc diém:
- Xe d& bi trugt trén dudng tron vi khong c¢6 su diéu khién chu dong ctia ngudi 14i.
- Chi phu hop trén dudng cao tdc, it xe co.

- Khong phit hop cho nhitng nguoi 1ai chua ¢6 nhiéu kinh nghiém sir 1y cac tinh
hudng bat chot vi dé gay ra tai nan

1.3.2. Gidi thigu hé théng do line

a, Khai niém
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Mo hinh do dudng 13 loai mé hinh c6 thé di chuyén theo mot quy dao dinh sin
dugc goi 1a mo hinh do dudng (md hinh ty dong bam dudng). M6 hinh do dudng c6 thé
di chuyén theo mot dudng, dudng di c6 thé dugc nhin nhan nhu mot dong mau den trén
mot bé mat (hodc nguoc lai) hodac n6 co thé 1a duong vo hinh nhu mot tir truong.

Hinh 1.13 M6 hinh xe do duong
b, Cdu tao chung ciia mé hinh do dwong

V&1 nhiing chi ti€u vé cong nghé va thong nhat cac chirc nang chinh cia mo6 hinh
ta tién hanh thiét ké va dua ra so do khoi chirc nang va cau tao, hoat dong chi tiét cua
tung khoi nhu mo ta dudi day:

P . ~ A A
Khoi giao tiép = Khéi ngodn ~ Khoi flieu khién
nguoi dung dong co

A - "
| Khoixwly >
| trung tim |

\ \
1\ \l/

Khéi cam bién Khoi hién thi
I \

Khdi giao tiép vio ra

Hinh 1.14 Céu tric co ban cia mé hinh do duong
¢, Nguyén tic hoat déng ciia mé hinh do dwong

M0 hinh chuyén dong theo mot quy dao duoc dinh trude nhd vach dan, hé théng
hai banh dugc din dong boi 2 dong co dién mot chiéu thong qua mach diéu khién va
mach cong suat. Thuong thi cac vach dan s& c6 mau khac v61i mau nén cia quy dao
chuyén dong. Bé mo hinh chuyén dong dung theo quy dao cin c6 bo phan cam bién, bo
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phan nay c6 nhiém vu phan biét vach dan va mau nén, dua tin hiéu dién tuong ung vé
mach dién diéu khién. Mach diéu khién c6 nhiém vu thu nhan thong tin phan hoi tir bd
phan cam bién tir d6 diéu khién tdc d6 va chiéu quay cta hai dong co dién mot chiéu
sao cho xe luén bam va chuyén dong theo vach dan. Nhin chung, vé mit cAu tao thi mod
hinh do dudng duoc thé hién theo so dd sau day:

Banh dan

/ hwrong
P 4

T
Banh chu
dong
&
Pong co /
Mach (Cam bien
dien nhan vach

huen va

cong suat

Vach dan

Hinh 1.15 Céu tao mo hinh xe do duong
1.3.3. Gidi thiéu cong nghé V2V
a, Khai niém
Giao tiép gitta xe v4i xe (V2V) 1a mot cong nghé phong tranh va cham, dwa vao

viéc trao do61 thong tin gitra cac phuong ti¢én ¢ gan dé canh bao ngudi lai vé céc tinh
hudng nguy hiém c6 thé dan dén va cham.

D (

Hinh 1.16 Trao ddi thong tin giita 2 phuong tién

V2V ciing cho phép cac xe trao ddi véi nhau thong tin vé téc do, vi tri va hudng
di ciia chiing. Cong ngh¢ nay cho phép cac phuong tién phat va nhan thong tin da huéng
(t6i da 10 1an mdi gidy), tao ra "nhan thirc" 360 do vé cac phuong tién khac ¢ gan. Céc
phuong tién c6 thé sir dung thong bao tir nhitng xe xung quanh dé xac dinh méi de doa
va cham tiém an khi ngudi 1ai chua kip phat hién.
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Sau do, cong ngh¢ nay c6 thé sir dung cac canh bao bang hinh anh, xuc giac va am
thanh d€ canh bdo lai xe. Nhirng canh bao nay cho phep lai xe nhén thire dugce sy nguy
hiém va thyc hién hanh dong dé phong tranh va cham.

b, Nguyén ly hoat dong

V2V s€ dua trén mang ludi ngang hang, trong do mdi thanh phan ctia mang (mot
phuong tién) c6 thé tao, nhan va chuyén tiép tin nhan. Véi cach tiép can nay, co thé tao
ra mot mang lu6i mo rong 6 nhiing khu vyc dong dan cu ma khong can co s& ha tang
dit tién. Thong thudng, mdi phuong tién s& co thé truyén thong tin vé toc do, hudng di,
vi tri, phanh va ¥ dinh ré& ctia chung - mic du danh sach nay c6 thé s& mé rong theo thoi
gian.

e

o

.:
l
[

iu

Hinh 1.17 Hé théng V2V s& tao thanh mang ludi & nhimg khu vuc dong diic

Hé théng lién lac V2V bao gém cac thiét bi, duoc lép dat trong xe, st dung lién
lac vo tuyén tim ngan chuyén dung (DSRC) dé trao d6i tin nhan/thong diép chira thong
tin vé xe (vi du: téc d6, hudng di, trang thai phanh cua xe). Cac thiét bi V2V sir dung
thong tin ndy tir cac phuong tién khac va xac dinh xem c6 cin canh bao cho ngudi 14i
phuong tién d6 hay khong, diéu nay co6 thé ngan ngira va cham phuong tién.

¢, Nhitng loi thé d6i véi cong nghé V2V

Tin nhin V2V c6 pham vi khoang 300 mét, vuot qua kha nang cua cac h¢ théng
c6 cam bién siéu 4m, camera va radar. Trong mot s trudng hop, khoang cach gan gap
d6i, cho phép c6 nhiéu thoi gian hon dé canh bao nguoi 14i xe. Ngoai ra c4c tin nhan vo
tuyén nay c6 thé “nhin thay” xung quanh cac goc cua hoic “xuyén qua” cic phuong tién
khac dang xu 1y, chang han nhu tinh hudng ma mot phuong tién dang t6i xuat hién tir
phla sau mot chiéc xe tai hodc co the tir mot con hém cut. Trong nhitng tinh hudng do,
giao tiép V2V co thé phat hién méi de doa sém hon nhiéu so v6i cam bién radar hodc
camera.
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LOCATION DIRECTION TRAFFIC

Up to 980 Ft (300 Meters)

Hinh 1.18 Pham vi giao tiép giita cac xe

Ngoai ra, cong nghé V2V ciing c6 thé duoc két hop voi radar va camera hién cd
dé mang lai nhtng loi ich tham chi con 16n hon so v6i phuong phap don le. Cach tlep
can két hop nay ciing c6 thé nang cao do chinh xéac cua hé thdng, tro thanh nén tang dé
hién thuc hoa cac phuong tién tu dong trén cac con duong.

1.4. Tinh hinh cdi thi¢n tinh an toan hiéu qua

An toan giao thong va hiéu sut di chuyén dang tré thanh méi quan tim hang dau
khi ty 1€ tai nan ngay cang tang, phan 16n do 13i cua nguoi lai va tinh trang tac nghén
giao thong. Dé giai quyét van dé nay, cong nghé g1a0 tiép giita cic phuong tién (Vehicle-
to-Vehicle — V2V) di ra doi, giup cac xe c6 thé “néi chuyén” voi nhau, tir d6 giam nguy
co va cham va cai thién luu thong trén dudng. Trong thé gidi thuc, noi cac xe duoc trang
bi mot dng-ten don gian, mot chip may tinh va Cong nghé GPS (Hé thong dinh vi toan
cau) [5], xe cta ban s& biét cac xe khac dang ¢ dau, ngoai ra cac xe khac ciing s& biét
ban dang ¢ dau cho du xe dang ¢ trong diém mu, ding phia trude trén duong cao toc
nhung khuét tam nhin, quanh goc khuit hay bi cac xe khac chin. Cac xe c6 thé du doan
va phan tmg v6i cac tinh hudng lai xe thay d6i va sau d6 ngay lap tic canh bao ngudi
lai xe bang cac thong bao canh bao khan cip. Néu ngudi 1ai xe khong phan hdi thong
bao canh bao, xe co thé tu dung lai an toan, tranh va cham. Cong ngh¢ nay co thé phat
hién chudng ngai vat hoic bat ky phuong tién nao khac thong qua su két hop cia cac
loai canh bao khac nhau, chang han nhu 4m thanh, video hoic xtic gidc. Theo cach nay,
n6 canh bao ngudi lai xe vé bat ky mdi de doa tiém 4n nao hodc tham chi thuc hién cac
hanh dong xa hon dé ngin chin né. Thong thudng, cac phuong tién lién lac ndy c6 pham
vi 300 mét va cé thé phat hién bat ky thir gi trén dudng di ctia chiing hodc bat ky thu gi
nhan duoc tir mot phuong tién khac khi né nam trong pham vi nay [7]. Cong nghé LoRa
dong vai tro quan trong trong V2V nhd pham vi truyén tin hiéu rong va kha ning chong
nhidu tot. Khi két hop véi hé thdng Cruise Control, V2V khong chi giup duy tri tbc do
6n dinh ma con tu dong diéu chinh khoang cach véi xe phia trudc, ddm bao hanh trinh
muot ma va an toan hon. Piéu nay dic biét hiru ich trong diéu kién giao théng dong dic,
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giip giam thiéu va cham do phan ¢ Umg cham cua tai xé. Cong nghé V2V khong chi giam
thiéu tai nan ma con cai thién hiéu suat van hanh va bao mat thong tin gitta cdc phuong
tién. Bang cach ma hoa dir liéu truyén tai, V2V gitp dam bao an toan thong tin va ngin
chén nguy co xam nhép tu bén ngoai. Vi tiém nang to 16n trong viéc giam thiéu tai nan
giao thong va nang cao hiéu suat di chuyén, cong ngh¢ V2V dang duoc HTSA va cac
nha san xuat 6 to hang dau tich cuc nghién ciru va trién khai. Trong tuong lai gan, V2V
s& trd thanh tiéu chuan moéi trong nganh céng nghiép 6 t6, mang lai sy an toan va tién
loi ti da cho ngudi tham gia giao thong.

Hinh 1.19 Sy két hop gitra hé thong Cruise Control va céng nghé V2V

1.5. Két luan chuwong

Xe dién dang dan tro thanh xu huéng cha dao trong nganh cong nghiép 6 t6 nho
nhitng 1oi ich vé moi truong va hiéu suét van hanh. Su phat trién manh mé cla cong
nghé da thiic diy nganh 6 t6 dién v6i nhitng cai tién vé pin, hé thong truyén dong va kha
nang sac nhanh, giup mé rong pham vi hoat dong va nang cao trai nghi€ém nguoi dung.
Bén canh do, cac hé théng hién dai nhu Cruise Control gitp duy tri téc d6 6n dinh, h¢
théng do duong hd tro diéu hudng thong minh, va cong nghé¢ giao tiép V2V (Vehicle-
to-Vehicle) gitip cac phuong tién trao d6i dir liéu dé ting cudng an toan va hiéu qua giao
thong. Nhing tién bd nay khong chi dinh hinh tuong lai ciia xe dién ma con mo ra ky
nguyén méi ciia phuong tién théng minh va két ni.
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Chuong 2: COSOLY THUYET

2.1. Chitc ning ciia h¢ thong diéu khién ga tw dong thich \ng trén xe dién.
2.1.1. Chikc nang diéu khién toc dp khéng doi

Hé théng diéu khién ga tu dong trong ECU diéu khién xe so sanh téc do thuc té
vé6i toe do dat trudc. Néu toc d6 xe cao hon tdc do dat trudce, s€ gui tin hiéu diéu khién
mé men xoan dong co dién thip hon dén bo bién tan dong co dién dé giam toc do xe.
Néu tdc do xe cao hon tdc do dat trude s€ gui tin hiéu dleu khién mé men xodn dong co
dién cao hon dén bo bién tan dong co dién dé tang tdc do xe. Tin hiéu diéu khién mé
men xodn muc tiéu dong co dién dugc cap nhat lién tuc dé dam bao tc do xe khong doi.

Toc dd khong doi

2

-
ECU

\ \\ J
|
e rmph)
-

Hinh 2.1 Chtic nang diéu kién toc d6 khong doi
2.1.2. Chikc nang cai dit toc dé (SET)

q Khi cong tac SET/COAST duoc bat va nhé ra khi xe dang chay trong dai diéu
khién tép do c1:1a ché do ga tuy dong (khoang 40 dén 200 km/h Vg’)i cong tac CRUISE bat),
ECU diéu khién xe luu gid tri nay vao bd nhé va duy tri tai toc do doé khi nha ban dap
tang toc.

80km

P et ) B0km

"N
L — — eCuU )
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= CRU) SS'“CC / B0 nhé

Kép xuong

Hinh 2.2 Chtrc nang cai dat tde do

Khi cong tac CRUISE bat, ki hiéu Cruise control mau trz'ing s& hién thi trén déng
ho hién thi dién tur. Khi cai ddt thanh cong trén dong ho hién thi dién tir, ki hiéu Cruise
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Control duoc hién thi s& chuyén tir mau tring sang mau xanh. Khi nha ban dap ting tic,
xe s€ chay ¢ toc do cai dat.
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Hinh 2.3 Ki hiéu Cruise Control
Mot sb truong hop xe khong thé cai dat duoc:

- Cong tac CRUISE tat.

- Toc d6 cna xe dudi dai toc do cua ché do ga ty dong (dudi 40 km/h).
- Can s6 diéu khién dién tir khong ¢ ché do D.

- Cong tic phanh tay dién tir dang bat.

- Phanh dang dugc st dung boi nguoi lai.

2.1.3. Chikc nang ting toc (ACCELERATE)
Khi muén tang tdc do cai dat trude, ta co 2 cach dé thuc hién

Céch thir nhat 1a sir dung cong tic RES/ACC trong luc ché do ga tu dong da cai
dat. Neu cong tic RES/ACC duoc bat va giit, xe sé ting toc lién tuc, nha ra lap tirc dé

tang toc do cai dat trude theo mirc ting cai dit tuy theo nha san xuat, thong thudng 10
km/h.

Nhac kén vé gu
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Hinh 2.4 Sir dung cong tic RES/ACC dé tang toc do

Cach thtr hai la sir dung ban dap tang téc. Nhan va giir ban dap tang toc dén toc do
mong mudn, roi gat cong tic SET/COAST va nha ra ngay lap tirc, ECU diéu khién xe
lwu gid tri va bd nhd va duy tri tai tbe d6 d6 khi nha ban dap ting téc.

2.1.4. Chikc ning giam toc (COAST)

Khi mudn giam téc do cai dat trudce, ¢d 2 cach dé thuc hién:
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Céch thir nhét 13 str dung cong tic SET/COAST trong luc ché d6 ga tw dong di cai
dit. Néu cong tic RES/ACC duogc bat va giir, xe sé& giam tdc lién tuc, nha cong tic
SET/COAST khi xe dat toc d6 mong mudn. Néu cong tic SET/COAST duogc bat va nha
ra lap tirc dé giam tdc do cai dit truée theo mirc giam cai dit tuy theo nha san xuit,
thong thuong 10 km/h.

’ Kéo xudng
va git

Hinh 2.5 Str dung cong tic SET/COAST dé giam toc do

Cach thir hai la st dung ban dap tang tdc. Nhan va gitt ban dap ting toc dén toc do
mong muon thap hon, roi gat cong tac SET/COAST va nha ra 1ap tirc, ECU di€u khién
xe luu gia tri ndy vao bd nhd va duy tri tai toc do do khi nha ban dap tang toc.
2.1.5. Chikc niing phuc héi (RESUME)

Sau khi ché do diéu khién chay tu dong bi huy, ta van ¢6 thé phuc hdi toc do da
cai dat lan cudi trude khi chirc nang CCS bi tam huy bang cach bat cong tac RES/ACC
va nha ra 13p trc va xe phai ¢6 van toc trong dai toc do cua ché do ga tu dong.

Nhac lén

Hinh 2.6 Str dung cong tic RES/ACC dé phuc hdi toc do
2.1.6. Churc nang giwr khodng cach voi phwong tién phia trudc

Trong ché d¢ kiém soat khoang cach tur xe dén xe, CCS tu dong duy tri khoang
cach voi phuong tién di phia trudc dua trén tbc do xe phia trude do (t6i da 1a tbc do cai
dat) va xe di chuyén ¢ toc do cai dat khi phia trudc trong, hodc phat hién xe phia trudc
chuyén lan. Khi phat hién mot phuong tién chay cham hon & phia trudc, CCS s& giam
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tdc do xe xuéng dé dam bao khoang cach giri tin hiéu diéu khién mé men xoin dong co
dién va gui tin hiéu dén ABS ECU dé phanh (khoang 40% tong luc phanh) néu can thiét.

Bat cong tic DISTANCE dé thay doi khoang cach voi xe phia trude voi 3 muc xa
(60m), trung binh (45m) va gan (30m).

IM247038

Hinh 2.7 Str dung cong tic DISTANCE d¢é thay d6i khoang cach vé6i xe phia trudc
1. Mire xa; 2. Mtc trung binh; 3. Mirc gan
2.1.7. Chirc ning Stop and Go

CCS Stop and Go c6 thé hoat dong ¢ toc d6 dudi 30 km/h. Chirc ning ndy cé thé
duy tri khoang céch thiét lap dén chiéc xe trudc ngay ca ¢ toc do rat thap va co thé giam
toc d¢ dung hoan toan.

Néu chiéc xe c6 hop sb tu dong va ket xe trong khoang thoi gian ngin, CCS Stop
and Go c6 thé thiét 1ap cho xe chuyén dong lai. Khi xe ding lai 1au hon, ngudi 14i xe chi
can kich hoat lai hé théng, vi du nhu béng cach nhan nhe vao ban dap tang toe dé tro lai
kich hoat CCS stop and go tré lai. Bing cach nay, CCS Stop and Go hd tro diéu khién
ngay ca khi giao thong dong duc va un tic giao thong.
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Hinh 2.8 Hinh m6 phéng hoat dong h¢ théng Cruise Control Stop and Go
2.1.8. Chikc ning diéu khién gidi han téc dé thip va toc dé cao

Gi6i han téc do thép 1a tbe do thép ma hé théng chay tu dong cé thé dat duoc, Xép
xi 40 km/h. Diéu khién chay tu dong khong thé dat duéi tdc do nay. Néu tdc do xe giam
xudng thap hon dai tc d6 diéu khién ga tw dong do xe phai leo déc hay mat dudong xau,
ché do diéu khién ga ty dong s€ ty tam huy. Khi tde do tang lén cao hon tde do gidi han
thap thi ta co thé khoi phuc lai hé thong diéu khién ga tw dong.

Gi6i han tdc do cao 1a te dd cao nhat ma hé théng diéu khién ga tu dong (3(’) thf:
thiét 1ap toc do nay ¢ khoang 200 km/h. H¢ thong dicu khién ga ty dong khong thé thiét
1ap cao hon toc do nay nho cong taic ACCELERATE.

2.1.9. Churc nang huy thuwong

Khi ECU diéu khién chay tu dong nhén dugc bat ki tin hiéu ndo sau day trong khi
xe dang chay ché d6 tu dong, diéu khlen ga tu dong s& bi huy. ECU diéu khlen xe s&
ngat tin hiéu diéu khién mé men xodn muc tiéu dong co dién dén bo bién tan dong co
dién.

Chtrc nang huy thuong dugce kich hoat khi:

- Tin hiéu cong tic dén phanh bat (dap phanh)

- Tin hiéu cong tic ban dap phanh bat (dap phanh)

- Tin hiéu tir can s6 diéu khién (khi tir ché do D tra vé ché do N)

- Tin hiéu cong tic CANCEL bat (gat hodc nhan cong tic diéu khién)
- Tin hiéu cong tic CRUISE tit. (gat hodc nhin cong tic diéu khién)

2.1.10. Chirc nang huy tw dong

Khi c6 bat ky mot trong cac diéu kién sau xdy ra va xe dang chay ¢ ché d6 diéu
khién chay tu dong, toc d6 dit trude trong bo nhd bi xoa va diéu kién chay tu dong bi
huy.

Bang 2.1 Tin hi¢u huy ty dong
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STT | Tin hi€u huy ty dong

1 | Téc do xe giam xudng dudi han téc d6 thap (xap xi 40 km/h)

2 | Téc do xe giam thap hon tdc do dit trudc khoang 16 knv/h (khi dang leo ddc)

3 | Ngudn dén hé thong diéu khién chay tu dong tam thoi bi ngit qua 5 gidy

4 | Ho mach trong ddy dién cong tic dén phanh hay bong dén phanh bi chay

5 | Tin hiéu cam bién tdc d6 xe khong binh thudng

6 | Tin hiéu toc d6 xe khong vao ECU trong mot khoang thoi gian xac dinh
(khoang 140 gidy)

7 | Cong tac RESUME d4 bat khi cong tac chinh bat

8 | Khi c6 ngan mach trong cong tic diéu khién hay cong tic khong binh thuong

9 | Tin hiéu ra bo bién tan dong co dién cua bd vi xtr 1y (bén trong ECU) khong
binh thuong

10 | Céc tin hiéu vao tir cong tic diéu khién khong binh thuong

2.1.11. Chirc nang chudn dodan
Co cac chirc ndng chan doan sau:

- Bén bao: thong bao cho lai xe néu c6 hu hong xay ra trong hé théng ga tu dong

- Bao ma chan doan: thong bao cho k¥ thuat vién ban chat cta hu hong

- Chirc nang kiém tra tin hiéu vao: cho phép ky thuat vién kiém tra tinh trang ciia
céc tin hiéu nhap vao ECU diéu khién xe tir cam bién va cong tic.

- Chirc ning kiém tra tin hiéu huy: thong bao cho k§y thuat vién tin hiéu dau vao
nao da huy diéu khién chay ty dong 1an cudi.

2.2. Chirc ning ciia cong nghé giao tiép V2V trén xe dién

V2V hoat dong nho sur dung céac tin hi¢u khong day dé trao doi thong tin vé hudng
di, toc do, vi tri... gilta cac xe. Nho vdy ma cac phuong tién co6 thé gitt mt khoang cach
an toan, gidm nguy co xay ra va cham.

Cong nghé Vehicle-to-Vehicle (V2V) cho phép cac xe dién trao d6i dir liéu véi
nhau theo thoi gian thuc nham nang cao an toan va hi¢u suat giao thong. Dudi day 1a
mot sO chirc nang chinh:

- Canh bao va cham: Xe c6 thé nhan thong tin tir cac phuong tién xung quanh vé
tdc 6, huéng di chuyén va vi tri, giup canh bao ngudi l4i vé nguy co va cham sém hon.

- Piéu phdi giao thong thong minh: Hé thong V2V gitp céc xe ty dong diéu chinh
tbc d6 va khoang cach dé giam un tic va toi wu ludng giao thong.

Sinh vién thyc hién: Dang Minh Hiéu ~ Huéng dan: TS. Hoang Thang 24



Nghién ciru, thiét k& mo hinh xe théng minh sir dung céng nghé giao tiép V2V

- HO tro vuot xe an toan: Xe co6 thé nhan tin hi€u tor phuong tién phia trudc hoac
doi dién dé xéac dinh thoi diém vuot an toan, gidm nguy co tai nan.

- Cai thién hiéu suét h¢ théng Cruise Control: Khi két hop véi cong nghé diéu
khién hanh trinh thich img (Adaptive Cruise Control - ACC), V2V giup xe dién tu dong
di€u chinh toéc do theo xe phia trudec mot cach muot ma hon.

- Canh bao phanh gép: Khi mot xe phia trudc dot ngot phanh gap, tin hiéu V2V co
thé truyén ngay 1ap tlirc dén céac xe phia sau dé€ phan g kip thoi, tranh tai nan lién hoan.

- HO tro tai giao 16: V2V giiip cac phuong tién du doan va tranh va cham tai cac
ngd tu bang cach chia sé thong tin vé quyén wu tién va trang thai di chuyén cua xe khac.

2.3. Ly thuyét thuit toan diéu khién PID

2.3.1. Ly thuyét co sé PID

Mot bo diéu khién PID (Proportional Integral Derivative) 1a mot co ché phan hoi
vong diéu khién (bd diéu khién) tong quat duoc sir dung rong rii trong cac hé théng dicu
khién cong nghiép. B diéu khién PID 14 bo diéu khién dugc sir dung nhiéu nhat trong
cac bo diéu khién phan hoi. Bo diéu khién PID sé tinh toan gia tri "sai s6" 1a gia tri do
thong s6 bién d6i va gia tri dat mong mudn. Bo diéu khién sé& thuc hién giam ti da sai
s6 bang cach diéu chinh gia tri diéu khién dau vao. Trong trudng hop khong cé kién thuc
co ban (mé hinh toan hoc) vé hé thong diéu khién thi bo diéu khién PID 13 bo diéu khién
tdt nhat. Tuy nhién, dé dat duoc két qua tdt nhat, cac thong s6 PID su dung trong tinh
toan phai diéu chinh theo tinh chét ctia hé théng-trong khi kiéu diéu khién 13 gidng nhau,
cac thong sb phai phu thudc vao dic thu cua hé thong.
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Hinh 2.10 So dd khdi caa bo diéu khién PID

Gia tri dat 1a gia tri mong mudn dat dugc tai ngd ra cua ddi twong diéu khién
Process variable (Bién qua trinh) 1a tin hiéu hoi tiép ma bo diéu khién nhan dugc tir dbi
tugng diéu khién. Control variable (bién diéu khién) 1a gia tri ngd ra cta bo diéu khién.
Error 1a gid tri sai I¢ch gitra gia tri dat va gid tri hién tai & ngo ra cua doi tuong diéu
khién va bo diéu khién PID ludn dua ra tin hiéu diéu khién CV dua trén gia tri cla error.
Output 1a gia tri ngd ra cta ddi tuong diéu khién.
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Hinh 2.11 Déap ung hé théng diéu khién sir dung bo diéu khién PID

Triét tiéu sai s6 xac 1ap ( Steady-State Error): H¢ théng can dam bao réng sai
s6 gitra tin hi¢u dau ra va tin hiéu dit (setpoint) tién dan vé 0 khi dat trang thai 6 6n dinh.
Diéu nay dong nghia véi viéc hé théng c6 kha ning theo sat gia tri mong mudn trong
thoi gian dai ma khong bi 1éch, dam bao do chinh xéc trong diéu khién.

Giam thoi gian dap ng (Response Time): Thoi gian xac lap (settling time — ky
hi¢u 1a 7[1) la thot gian can thiét dé dau ra 6n dinh trong mot khoang sai s6 cho phep (vi
du: +2%). Hé thong can dugc diéu chinh dé rut ngan thoi gian nay, tir d6 cai thién toc
d6 phan Gmg trude sy thay doi tin hiéu vao, ting kha ning thich nghi voi cac diéu kién
van hanh thuc té.

Giam d¢ vuot 10 (Overshoot): Do vuot 16 (POT) 1a phan dau ra vuot qua gia tri
mong mudn trong qua trinh chuyén tiép. Viéc giam do vuot 16 gitp tranh tinh trang qua
diéu khién, 1am cho hé thong trd nén an toan hon, nhat 1a dbi véi cac ung dung cé tinh
chat chinh xac hodc lién quan dén co cau co khi.

Han ché dao dong (Oscillation): Mot hé thong ¢ dao dong nhiéu s& dé mat 6n
dinh va khong dam bao dugc dau ra mong mudn. Do d6, viéc gidm bién do dao dong
gitip hé thong van hanh ém ai hon, tranh giy ra mai mon co khi hodc dao dong khong
mong mudn trong cac bo phan lién quan.

Cii thién toc d9 ting (Rise Time — ¢.): Toc d0 ting 13 thoi gian dé dau ra tir 10%
dén 90% gia tri cudi cung. Muc tiéu 13 dam bao thoi gian ting nhanh dé hé théng dat
dap g nhanh ma van giir duoc su 6n dinh.

* Hoat dong ciia khau P (khau ti 1¢):

) —. el u(t) VQ

yht (t) H(s)

&

Hinh 2.12 Hoat dong cua khau ty 1&
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Khau nay luén dua ra tin hi¢u diéu khién luon ti 18 véi gid tri sai léch.
Ham truyén ciia bd diéu khién P: K(s) =K, 2.1)
Ham truyén dic tinh thoi gian: Y (s) = K,.G(s).E(s) (2.2)

R(s)
1+ K,.G(s).H(s)

Ham truyén sai s6 hé théng: E(S)= (2.3)

K, cang 16n thi tc do dap tmg cang nhanh. K, cang 16n thi sai sé xac 1ap cang
nho. K, tang qua 16n thi vot 16 cang cao, néu tang nira thi hé thong mat 6n dinh va dao
dong khong tat dan.

* Hoat dong cua khau D (khau vi phan):

(7 (7, u(t) y(_t)'

yht (t) H(s)

ad

Hinh 2.13 Hoat dong cua khau D
bay la khau luon dua ra tin hi¢u diéu khién ti 18 véi toe do thay ddi cua gia tri sai
1éch.

Ham truyén cta b diéu khién D: K(s) =K. (2.4)
Ham truyén dic tinh thoi gian: Y (s) = K,.G(s).E(s).s (2.5)
R(s)
1+5s.K,.G(s).H(s)

Ham truyén sai s6 hé théng: E(S)= (2.6)

Khau vi phan khong thé sir dung mot minh ma phai st dung két hop v6i khau P
hodc khau I. K, cang 16n thi do vot 10 cang nhd. K, cang l6n thi dap tng qua do cang
nhanh. Khau D rat nhay voi nhiéu tan s6 cao do hé sb khuyét dai tai tan sd cao.

* Hoat dong cuia khau I (khau tich phan):

o R

T yne(t) HE)

»

Hinh 2.14 Hoat dong cua khau I
La khau dua ra tin hiéu diéu khién dua trén gia tri cua sai I¢ch va thoi gian xay ra
sai 1éch.

Ham truyén cua bo diéu khién D: K(s) = % (2.7)

K..G(s).E(s)
S

Ham truyén dic tinh thoi gian: Y (s) = (2.8)
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S.R(s)
1+ K,.G(s).H(s)

Ham truyén sai s6 hé thong: E(s) = (2.9)

K, cang lén thi dap ung qua do cang cham. K, cang Ién thi sai sé xac lap cang
nhoé. Dac blet hé sé khuyét dal cua khau tich phan bang v6 cung khi tan sb bang 0, triét
tiéu sai s6 xac lap véi ham nic. K, cang 16n do vot 16 cang cao.

) Bo diéu khién PID la sy két hop cua cac khau P,I,D do do khic phuc dugc nhugc
diém cua moi khau riéng lé.
Nhu vay, ngd ra ciia bo diéu khién PID thé hién qua ham truyén:

Upio (1) = K, e(t) +K; [e(t)dt + K, ? (2.10)

Véi: Upip (1) 1a tin higu diéu khién.
e(t)= Gia tri dit — Gia tri thuc té.
Kps Kiy Ky 1a cac hé sé diéu chinh.
2.3.2. Phén tich gidi thudt diéu khién PID
PID 1a cach viét tit cia cac tir Propotional (ti 18), Integral (tich phan)
vaDerivative (dao ham). Tuy xuat hién rat ldu nhung dén nay PID van la giai thuat
di€ukhién dugc dung nhiéu nhat trong cac iing dung di€u khién tu dong. Bé giup hicéu
r0 hon ban chat cta giai thuat PID, hay theo doi vi du di€u khién vi tri cia mdt xe trén

duong théngw. Gia sur ban co mot xe (dd choi...) c6 gin mot dong co DC. Dong co sinh
ra mot luc dé day xe chay téi hodc lui trén mot duong thang nhu trong hinh 2.15.

1 F
> T =7
' A ’ ‘/ >

- 0

Hinh 2.15 M0 hinh xe day — vi tri muc ti€u va sai s6 di€u khién

Goi F 1a lyc do dong co tao ra diéu khién xe. Ban dau xe & vi tri A, nhiém vudit ra
1a diéu khién luc F (mot cach tu dong) dé day xe dén dung vi tri o véi cac yéucau: chinh
xéc (accurate), nhanh (fast response), on dinh (small overshot)

Mot diéu rat tu nhién, néu vi tri hién tai cta xe rat xa vi tri mong mubn (diémO),
hay néi cach khéc sai s6 (error) 16n, chiing ta can tac dong luyc F 16n dé nhanh chong
dua xe vé O. Mot cach don gian dé cong thirc héa y twong nay 1a ding quan hétuyén
tinh:

F=K_ *e (2.11)
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Trong do Kp 14 mot hang s6 duong nao d6 ma ching ta goi 1a hé s6 p(Propotional
gain), e 13 sai s can diéu khién tae khoang cach tur diém 0 dén vi tri hién tai cua xe.
Muc tiéu diéu khlen 1a dua e tién vé 0 cang nhanh cang tét. RS rang néu Kp 1én thi F
cung s€ 1on va xe rat nhanh chéng tién vé vi tri O. Tuy nhién, lyc F qué 16n sé& gia toc
cho xe rat nhanh (dinh lut I cia Newton: F = ma). Khi xe dd dén vi tri o (tic = 0), thi

tuy luc F=0 (vi F=K 0 *e ) nhung do quén tinh xe van tiép tuc tién vébén phai va 1éch
diém O vé bén phai, sai sé e lai tr¢ nén khac 0, gia tri sai s6 luc nayduoc goi la overshot
(vuot qua). Lic nay, sai s6 e 14 s6 am, lyc F lai xuat hién nhungvéi chiéu nguoc lai dé
kéo xe vé lai diém O. Nhung mdt lan nita, do K, 16n nén gia tri luc F ciling 16n va ¢6

thé kéo xe 1éch vé bén trai diém O. Qua trinh cur tiép dién, xe ¢t mii dao dong quanh
diém O. C6 truong hop xe dao dong cang ngay xang xa diém O. Bo diéu khién luc nay
dugc ndi 1a khong on dinh. Mot dé xuat nham giam overshot cua xe la sir dung mét
thanh phan “thang” trong bo diéu khién. S& rat 1y tuong néu khi xe dang ¢ xa diém O,
bo diéu khién sinh ra lyc F 16n nhung khi xe di tién gan dén diém O thi thanh phan
“thang” s& giam toc d6 xe lai. Chung ta déu biét khi mot vat dao dong quanh 1 diém thi
vat d6 c6 van tdc cao nhat ¢ tim dao dong (diém 0O). No6i mét cach khac, & gﬁn diém O
sai s6 e clia xe thay doi nhanh nhét (cdn phéan biét: e thay ddinhanh nhat khong phai e
16n nhat). Mat khac, toc do thay doi cua e c6 thé tinh bangdao ham cua bién nay theo
thoi gian. Nhu vay, khi xe tir A tién vé gan O, dao ham cua sai sb e ting gia tri nhung
nguoc chiéu cua lyc F (vi e dang giam nhanh dan). Néu s dung dao ham 1am thanh
phan “thang” thi c6 thé giam duoc overshot cta xe. Thanh phan “thidng” nay chinh 13
thanh phan D (Derivative) trong bo diéu khién PID ma chung ta dang khao sat. Thém
thanh phan D nay vao bo diéu khién p hién tai, chung ta thu dugc bo diéu khién PD nhu
sau:

F=K,*e+K, *de (2.12)
dt

Trong d6 (de/dt) 13 van tdc thay d6i cua sai sb e va Kd 1a mot hang s6 khong am
thang dugc lyc ma sat tinh. Ban hdy tuong tuong tinh hudng ban dung strc ctia minh dé
déy mot xe tai ndng vai chuc tén tuy luc day ton tai nhung xe khong thé di chuyén. Nhu
thé, xe s& ding yén mai du sai s6 e van chua bang 0. Sai s6 e trongtinh huong nay goi la
steady state error xay ra, 2 thanh phan P va D mét tac dung, thanh phan diéu khién méi
s& “cong don” sai s6 theo thoi gian va lam ting luc F theothdi gian. Dén mot lic nao do,
luc F du 16n dé thing ma sat tinh va day xe tién tiép védiém O. Thanh phan “cong don”
nay chinh 14 thanh phan I (Integral - tich phan) trong bo diéu khién PID. Vi chung ta
diéu biét, tich phan mot dai lugng theo thoi gian chinhla tong ctia dai luong d6 theo thoi
gian. B9 diéu khién dén thoi diém nay da day di 1aPID:

de
F:Kp*e+Kd*E+Ki*J.edt (2.13)

Nhu vay, chirc ning cta tirng thanh phéan trong bo diéu khién PID gid di rd.Tuy
vao muc dich va déi tuong diéu khién ma bo diéu khién PID c6 thé duoc luot bot dé tro
thanh bo diéu khién P, PI hoac PD. Cong viéc chinh ctia ngudi thiét ké bo diéu khién
PID 14 chon cac hé sb Kp, Kd va Ki sao cho bo diéu khién hoat dong tdt va on dinh (qua
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trinh nay goi la PID gain tuning). Day khong phai la viéc dé dang vi né phu thudc vao
nhiéu yé€u to.

2.3.3. Kinh nghiém chon Kp, Kd, Ki dwoc thwc hanh

- Chon Kp trudc: thir bo diéu khién p véi qéi tugng that (hoic mé phong), diéu
chinh Kp sao cho thoi gian dap ing du nhanh, chap nhanovershot nhd.

- Thém thanh phan D dé loai overshot, ting Kd tir tir, thir nghiém va chon gié tri
thich hop. Steady state error c6 thé s€ xuat hién.

- Thém thanh ph?m I dé giam steady state error. Nén tang Ki tur bé dén 16n dé giam
steady state error dong thoi khong dé cho overshot xuat hién tré lai.

2.4. Két luan chwong

Chuong ndy da trinh bay tong quan vé hé thong diéu khién ga ty dong thich ung
trén xe dién, trong do6 xe c6 thé duy tri tdc do va khoang cach an toan bang cach sir dung
cong nghé cam bién va thuat toan didu khién. Bén canh d6, cong nghé giao tiép V2V
(Vehicle-to-Vehicle) dong vai tro quan trong trong viéc truyén tai thong tin giira cac
phuong tién, hd trg hé thong kiém soat hanh trinh thich tmg (CCS) dé t6i wu hoa hiéu
suét van hanh.

Trong pham vi nghién ciru, thuat toan diéu khién PID dugc 4p dung nham diéu
chinh toc do dong co dya trén dir liéu tir cam bién, dam bao kha nang bam duoi va phan
mg nhanh véi cac thay ddi cuaxe dan dau. Cong ngh¢ truyén thong LoRa dugc st dung
nhu mot phuong an giao tlep khong day, giup trao ddi dir liéu giita cac phuong tién véi
d6 tré thap va pham vi truyén xa.

Cubi cing, so dd khdi hé théng da duoc xay dung nham mé ta chi tiét cach thic
hoat dong va tuong tac giita cac thanh phan, bao gom vi diéu khién, cam bién, dong co
va mo-dun truyén thong. Cac phuong an diéu khién PID ciing di dugc phan tich nham
tdi uu hoa do chinh xac va do 6n dinh cta hé théng. Nhitng ndi dung nay tao tién dé
quan trong cho viéc trién khai va phat trién cac hé théng diéu khién xe ty hanh thong
minh trong tuong lai.
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Chwong 3: THIET KE MO HINH XE PIEN VA MO HINH PUONG

3.1. Uu nhuwoc diém ciia mé hinh xe dién

Bai toan mo hinh xe duoc giai quyét bang nhiéu loai cdu hinh khac nhau. Trong
d6 phuong an dan dong 3 va 4 banh v6i banh trude hodc sau tu lira duoc dung phd bién
nhat. DU co cdu nao di nita, nd ciing phai giai quyét duoc kha ning cin bang cua robot
va su tiép xUc cua banh xe va1 mat duong dat bi¢t khi bo cac vong cua c6 ban kinh nho.
Uu nhuoc diém cia mét sb loai xe 3, 4 banh duoc thé hién trong (bang 3.1).

a, Cau tao

Bang 3.1 Banh gia vu, nhuoc diém cua mé hinh xe dién

Xe 4 banh
Vo g - = ur
Tt~ et A =)
M& hinh X X ><7
Bam duong | Tot: Co két cAu khép ban1é | Khéng tot Khéng tot
Vao cua Kho: Do hién tuong truot Kho Dé&: Két cau banh tu lua
2 .2 Khong phuec tap: Lai va Khong phtic | Phirc tap: Lai va chuyén
bicu khién 2. an . A A X
chuyén dong tach biét tap dong két hop
Két cau Phtrc tap Don gian Pon gian
O Tee o] R
M& hinh ) ' ' Eep - =
'.+ L \:\ ] ‘“* = 1 ¥%‘;‘“ ,‘\ ““:_
Bam dudng Khéng tdt Khéng tbt Tét: C6 két cAu khop ndi
Vao cua Dé Trung binh Kho
Diéu khién Phtrc tap Phtrc tap Khoéng phuc tap
Diéu khién Don gian Don gian Phtrc tap
Xe 3 banh
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;——41%——1

Mb hinh v A\
B / I
éﬁ{ LIN
i | I
Bam duong Tét Tét
Vao cua Kho Dé
Diéu khién Khong phuec tap Phure tap
Két cau Don gian Don gian
b, Vé so lwong banh xe
S6 banh 4 banh 3 banh
Péng phing Khoé d¢am bao dong phang Lu6n dong phang

Do 6n dinh khi ¢6 vat can

Van giit dugc d6 on dinh

Kho giir duoc do 6n dinh

Lat khi vao cua Kho Dé
Ma sat Nhiéu ft
3.2. Ciu tao va nguyén Iy 1am viéc ciia mé hinh xe dién
3.2.1. Ciu tao mé hinh xe di¢n
Témkinn 000
khién
khung xe
Pin
Pong co
dién
A
am
khung xe

Hinh 3.1 C4u tao m6 hinh xe dién
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Pong co DC: Péng vai tro truyén dong chinh dé xe di chuyén vé phia trude hoidc
lui lai tuy theo diéu khién.

Pong co servo diéu chinh 1ai: Puoc sir dung dé diéu khién goc quay cia banh xe
trude nham cho xe thay déi huong di chuyén.

Thudc 14i: La mot thanh lién két bﬁng nhya hodc kim loai nbi gilta cang banh xe
trai va phai dé truyén chuyén dong tir servo dén banh xe.

Tam khung sudn xe: Nhiéu tang (2 tang chassis) gitp tach biét ngudn — mach diéu
khién — cdm bién; tdng dién tich gan linh kién.

Banh xe: Puoc thiét ké don gian nhung van dam bao chic ning co ban: truyén
dong, chiu lyc, va dam bao tiép xuc mat duong.

Pin va bo sac pin: Pin trong 6 t6 dién 1a b phan dung dé luu trit nang luong cho
xe chay. Dé xe dién c6 thé van hanh duoc thi pin phai duoc sac day. Loai pin dugc sir
dung dé 1ap dat trong 6 t6 dién 13 lithium. Str dung pin loai nay vi né cé ty 1¢ xa thai
thap, it gdy 6 nhiém méi truong. B sac pin véi chire nang kiém soat mirc dién ap cua
pin. Viéc nay duoc thyc hién thong qua diéu chinh tdc do sac trén 6 t6. Hon thé nita, bo
sac pin c6 c6 kha niang theo ddi nhiét d6 cua pin giup duy tri tudi tho cia pin.

Bo diéu khién tich hop trén mo hinh xe dién 13 trung tam diéu hanh toan bo hoat
dong cuia xe. N6 bao gdm cac phan cimg va phan mém dé diéu khién dong co, nhan dix
liéu cém bién, xir 1y tin hi€u, va thuc hién céc thuét toan (nhu line-following, tranh vat,
giao ti€p,...).

3.2.2. Céu tao bé diéu khién tich hop

Bé dieu  Module M:n hinh
khién A4950  do dién Module on dp Oled

Arduino Uno R3 Bang noi tich
hop Arduino

Hinh 3.2 B6 diéu khién tich hop
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~ Chip diéu khién dong co A4950: La mach cau H chuyén dung, cho phep di‘éu chinh
toc do va hudng quay cua dong co DC thong qua di€u ché xung PWM tur vi diéu khién.

Vi diéu khién (Arduino UNO): Péng vai trd trung tam xur 1y, nhéan tin hiéu tir cam
bién va diéu khién cac bd phan khac nhu dong co, servo va chip diéu khién.

Bang ndi tich hop Arduino (Shield mé rong): Cung cap cac cong két ndi d& dang
cho cam bién, d(f)pg co, ma‘ln‘hinh thong qua céﬁc chan JST hodc header. Ngoai ra, c6 cong
tdc va jumpers dé chon nguon hoac chuyén doéi chirc nang cac chan.

Module on 4p: La mach giam 4p (buck converter) co thé diéu chinh dau ra. Nhin
dién ap dau vao cao (nhu 7.4V hodc 12V) va ha xuong 5V hoac 3.3V cho phu hop véi
cac linh kién. Pam bao cung cap dién 6n dinh cho Arduino va cac module khac.

Man hinh OLED: Man hinh nho (0.96 inch) d6 phan giai 128x64 pixel. Giao tiép
vo1 Arduino qua I2C (chan SDA va SCL) va dung d¢ hién thi thong tin nhu dién ap,
dong di¢n, trang thai xe hodc cam bién.

Module do dién: Dung dé do dién ap va dong di¢n ti€u thu trong mach va gui dix
liéu do v€ Arduino qua giao tiép analog hodc I12C (tuy loai module) giiip giam sat tinh
trang nang luong cua hé thong trong thoi gian thuc.

3.2.3. Nguyén ly hoat dong

Nguyén ly hoat dong ctia mo hinh xe dién dugc xdy dung dua trén sy phéi hop
giita bo vi diéu khién Arduino Uno R3 va cidc md-dun chirc ning khac nham diéu khién
chuyén dong va giam sat hé thong. Ngudn dién tir pin duoc cip qua module 6n ap dé
dam bao murc dién 4p On dinh cho toan bo mach. Bo vi diéu khién Arduino nhan 1énh
diéu khién tir chuong trinh va diéu phéi hoat dong cta dong co dién thong qua mach
driver A4950 dé tao ra luc kéo cho hai banh sau, déng thoi diéu khién dong co servo
quay banh truéc thong qua hé thdng thudc 14i gitip xe chuyén hudng. Cac module do
dién s& giam sat dong va ap tiéu thy, truyén dir liéu vé Arduino, va thong tin nay duoc
hién thi truc quan trén man hinh OLED. Toan bd cac linh kién dugc gén ¢ dinh trén
khung suon va tAdm kinh, tao nén mot hé théng xe dién hoan chinh va linh hoat.

3.3. Tinh toan thiét ké mo hinh xe dién

Vige xay dung ket cau co khi dong vai tr6 v cung quan trong. N6 anh hudng dén viéc
phan ph01 két cau, cau tric hé théng dién va ca phan 1ap trinh diéu khién ctia mo hinh.
Thiét ké co khi xac dinh diéu khién can thiét cta két cau xe dé dap Gmg nhiing yéu cau
d3 dit ra. Cac phép tinh toan dugc dung dé xac dinh:

- Kich thuéc xe: chiéu dai, chiéu rong, chiéu cao xe, vi tri dit tai trong. ..
- Cong suat va moment ciia dong co
- Dung sai lip ghép xe
- M6 phdéng dong luc hoc cia mo hinh xe
3.3.1. Tinh todn kich thudéc xe
Dua vao phan tich tong quan, phuong an lwa chon xe 4 banh. Hai banh sau dan

dong, hai banh trude dugc diéu hudng thong qua hé thong diéu chinh goc lai.
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» N

Hinh 3.3 Céc luc tac dung 1én xe
Céc thong sb tir (hinh 3.3)
- O la vi tri dat trong tam xe.
- 2Fx1 1a luc ma sat ¢ 2 banh trudc.
- 2Fx 1a luyc ma sat & 2 banh sau.
- 2F,1 1a phan luc tai 2 banh trude.
- 2F 2 1a phan lyuc tai 2 banh sau.

-L=1; + I, 1a khoang cach tam banh trudc dén banh sau
- Fc 1a lyc can tong hop. F=FK+F +F,
Trong do:
e Luc can lan F| 1 ma sat giira 16p va mit duong do bién dang
e Luc can khong khi F1a do khong khi can tro xe di chuyén
e Luc can noi tai hé théng Fm 1a ma sat trong b0 truyén dong, truc, o bi,...

Do xe dan dong banh sau nén Fyx1 =0

H¢ phuong trinh dong lyc hoc cua xe:

YE =0 2F +2F,, =Y m.a
YE=0 <& 2F,, + 2F,; =Y m.g (3.1)
ZMO/y = 0 _ZFZ1' ll + 2F22.l2 - 2Fx2.h = 0

Bo qua ton that khong lién quan dén tiép xtc mat duong (vi du nhu lyc gi6, ma

st 6 truc, v.v). Lac d6 c6 thé bo qua FC dé don gian hoa hé phuong trinh:

m.a
Fyp = —
_mg
& ! Fn="2-F, 3.2)
1 a.h+g.l
lpzz =2 qm 2r9a
2 L+,
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. .z . Fei=0
Gia su gia toc 16n nhat ma xe dat duoc 13 amax. Ma — { X (3.3)
FxZ = Uu. FZZ
T 3.1) va (3.2):
m'amax :ﬂ.mlm & amax :/JM (34)
l,+1, l,+1,

* Nhan xét: Dya vao (3.3), gia téc 16n nhat ma xe dat duoc s& cang 16n néu trong tim
cang dich vé phia sau (I; cang 16n) va cang thap (h cang thap) Tuy nhién, dua vao
phuong trinh thr hai cua hé¢ phuong trinh (3.1) nhan thdy, néu gia toc a, trong trudng
hop nay 14 amay, cang 16n s& dan dén F,1 — 0. Luc d6 x4y ra hién twong banh trude khong
con bam dugc trén mat duong. Vi vay:

F2120<:>mg F, _mg 1m_ah+g|1:g-|2_a-h> gl,
2 2 2+l L +1, h

3.3.2. Tinh todn céng suit cho dong co

Cong suat cua dong co can du lon dé giup xe tdng téc va tang duoc luc can khi
chay ¢ van toc cai dat.

P=K.(R+P,) (3.6)
Trong do:
- Pl : cOng suat can dé xe tang toc

- P,* cong sut cAn khi xe chay 6 tdc do v

- K: hé sd ton that nang lugng khi truyén dong ( chon K=2)
Cac thong s6 ude tinh:

- Vén tbc mong mubn: v =1 (m/s)

- Thoi gian ting tdc mong mudn: t =1 (s) & a=1 (m/s?)

- Udc lugng banh kinh xe: R = 32,5 (mm)

- Khéi luong banh xe: M = 0,025 kg

- Khéi luong xe va tai: m =3 kg

V

Hinh 3.4 M6 hinh phan tich lyc banh chu dong
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Nghién ciru, thiét k& mo hinh xe théng minh sir dung céng nghé giao tiép V2V

Téc d6 goc cua banh xe:
Ld 60 = 293,8(v/ p) (3.7)

w = - .
Cong suit can cung cip cho xe di chuyén 6n dinh véi toe do v
P,=F_,Vv & P,=u,.mgv (3.8)
( xe chay & téc d6 thap trong moi truong khong cd gié nén bo qua luc can tir khong khi)
Cong sut can cung cap cho xe ting toc tir 0 dén v trong thoi gian t

DO0ng nang cua xe

K, = l.m.v2 (3.9)
2
Cong suat can cung cap dé dat duoc gia toc a = v/t
K, mv°
1= T = o (3.10)
Cong suat can thiét ciia dong co:
P=2.(P+P,) P:2.(m2'—\t/2+%.m.v2) & P=6(W) (3.11)
3.3.3. Tinh todn moment xodin dong co
Téng luc kéo can thiét dong co tao ra:
Fx = Fcan + Frang t6c = #4,,-MQV + ma (3.12)
Moment cuc dai cua banh xe:
- :FXZ.R:%.ymg.R (3.13)
Viy dé dam bao diéu kién banh xe 1in khong truot:
r<r. & 7<0,35(Nm) (3.14)

Tir cac thong so tinh toan trén dong co dugc chon 1a MG531 gan & hai banh dan
dong vaéi cac thong s6 dong co:

- Cong suat dinh murc: 7W

- Dién &p lam vi¢c: 7—- 13V

- Loai dong co: Nam cham vinh ctru c6 chdi than
- Dong di¢n khi dong co bi giir: 5,4A

- Momen xo4n giir: 15 kgf.cm

- Momen xo4n dinh mirc: 1,5 kgf.cm
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Nghién ciru, thiét ké md hinh xe thong minh sir dung cong nghé giao tiép V2V
- Dong khong tai: 540mA
- Tc d6 trudce khi giam te (khong tai): 15000 v/p
- Tc do sau khi giam toc (c6 tai): 315 v/p

Tinh toan lai van toc xe: v= a).éro.d =1,08(m/s) (3.15)

3.3.4. Diéu ki¢n dé xe vao cua ma khong bi trwot

Hinh 3.5 Céc luc tac dung khi xe vao cua

2

2
W umg zmTV e v Jurg < v<15@mis) (3.16)

Fy

m

(chon 1=0,7 1a hé sb ma sat giira cao su va gd son bong)

Ttr tinh toan v =1,08 (m/s) ban dau thoa man diéu kién dé xe khong bi truot khi
Vao cua.
3.3.5. Diéu kign dé xe vao cua khong bi lit

Khi vao cua, do anh huéng cua luc li tim nén xe c6 thé bi l1at. Dé phong ngira
truong hop nay, ta phai thiét ké khoang cach gitra 2 banh xe va chi€u cao xe cho phu
hop dé xe khong bi 1at. ta c6 mo hinh toan nhu sau:

a/2

T‘_,%} P _9,%_“ o
F

Hinh 3.6 M6 hinh tinh todn va phan tich luc khi xe 6m cua

Goi khoang cach giita 2 banh xe 13 a, chiéu cao trong tim xe 1a b. Ta co:
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Nghién ciru, thiét k& mo hinh xe théng minh sir dung céng nghé giao tiép V2V

2

m.v
Moment gay ra lat xe: M, =F b= T.b (3.17)
Moment chéng lat xe: M, = P.% = mg.% (3.18)
Dé xe khong bi 1at thi: M, > M, (3.19)
b Rg
—<— 3.20
T Ao (3-20)
3.3.6. Tinh toan goc ldai
a, Xy dung dwong cong Iy thuyét
Pé dam bao dong hoc quay vong ciia banh xe dan huéng can thoa mén
Cotga—Cotg/&’=% 3.21)

Trong do:
a : Goc quay vong cuia banh xe din hudng bén ngoai.
B : Géc quay vong cuia banh xe dan huéng bén trong.
B : Chiéu rdng co so.
L: Chiéu dai co s6.
Dé thoa man mot cach chinh xac biéu thire trén thi dan dong 1ai phai co 18 khau
va ¢ cdu tao phirc tap. Vi vay, trong thuc té nguoi ta thuong st dung cac co cau dan
dong don gian hon ma van dam bao duoc gan ding cong thirc trén, trong do co ciu duoc

su dung pho bién hon ca 13 hinh thang 1ai Pan t6. Kinh I}ghlem cho thay, néu lya chon
cac thong so cua hinh thang 141 mot cach hop 1y thi c6 thé théa man dugce cong thuce 2.1

P -

h

Hinh 3.7 So d6 dong hoc quay vong
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Nghién ciru, thiét k& mo hinh xe théng minh sir dung céng nghé giao tiép V2V

Xac dinh goc quay 16n nhit cia banh xe din huéng phia trong £, :

P = arctg L (3.22)
B
Rmin Y
2
V61 Riin = 0,2 m suy ra
Lax = arctg % =45° (3.23)
200 — S

Tir 2.1 qua cac phép bién d6i ta co:

L
=arct ———— 3.24
“ . B+ LCotgp (3:24)

Thay vao phuong trinh 2.3 ta c6 phuong trinh:

a =arctg 143 =30° 3.25
122 +143.Cotg45° (3.25)

* Nguyén Iy hoat dong ciia hé thong lai Ackermann

Khi xe 1&, banh xe bén trong can phai quay v6i goc 16n hon banh xe bén ngoai dé
dam bao ching ludn di theo quy dao tron ma khong bi trugt ngang. Nguyén ly
Ackermann dam bao rang tat ca cac banh xe luon c6 cung tam quay khi xe vao cua.

Chung ta co thé l4i xe bang cach kiém soat hudng tde d6 ciia mot diém duy nhat.
M6t dinh luat hinh hoc chi phéi hudng ctia banh xe phia trudce, vi huéng 1y thuyét cua
mot banh xe khong doc l1ap voi banh xe kia. Pinh luat nay dugc goi 1a Ackermann, co
thé giai thich co ché l4i. Vi co ché cua xe chiing ta khong tuén theo hinh hoc Ackermann,
nén mot hodc nhiéu banh xe phai truot dé tuan theo cac dinh luat dong hoc.

Hinh 3.8 So d6 goc lai

C6 the diéu chinh duoc h, r d€ tim dugc cau hinh t6t nhat.
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Nghién ciru, thiét k& mo hinh xe théng minh sir dung céng nghé giao tiép V2V

[%,| = b2 —(h+r.Cos 6)’ (3.26)
] = b =[]

Néu 9=0 khi d6 |%|=1,[%|=1,, 1,,1,d bit va cé dinh. Ta c6 thé tim dugc goc
ctia mdi banh xe trong mit phing x-z

_ |X2|_|1

1, —|%,|
’ﬁphai -
R

R

Prsi = (3.27)

Hinh 3.9 Goc 14i thyc té
Blr[t ﬁ [”ngm

CIR
Ax, "Ax; 0 X

Hinh 3.10 Bong hoc lai
* Xac dinh phuong trinh duong di cua hai banh trude trong hinh 3.10
Khi xe quay quanh tam, hai banh trudc tao thanh hai duong thang c6 goc nghiéng
khéc nhau do hé thong Ackerman.
- Banh trudce bén trai c6 goc quay S, cong thém mdt hiéu chinh Af.

- Banh trudc bién phai c6 goc quay g, trir di hiéu chinh AS.

y=tan(f,. + ALB)x+L (3.28)
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Nghién ciru, thiét k& mo hinh xe théng minh sir dung céng nghé giao tiép V2V

y= ta-n(ﬁphai _AIB)X+ L- tan(ﬂtrai _Aﬂ) (329)

Hé sb goc cua phuong trinh tuyén tinh xudt phat tir dinh nghia goc Ackermann.
Khi xe quay quanh CIR, hai banh truéc tao thanh cac duong thang c6 goc la

tan (ﬁtrai - Aﬂ) vatan (ﬂphai - Aﬂ)

7 Khoang cach tur truc trude dén truc sau L, duoc st dung dé dich chuyén duong
thang theo phuong y.

Hiéu chinh AfS: Do banh trudce bén trai va banh truede bén phai khong cd cung goc
quay nén ta can mot gia tri hiéu chinh dé phan anh sy chénh 1éch.
* Céach tiép can nay don gian nhu khong chinh xac vi mot s6 1y do:

- Truot ludn xay ra khi c6 lyc tac dong 1én 16p, do d6 gia thuyét vé dicu kién 1ai
dong hoc chi dang véi toe do rat thap.

- Ban kinh cong phu thudc rat nhiéu vao téc do, nhung mé hinh nay khong thé
ching minh duoc sy phy thude nay.

- Chia déu cac 16i giita hai banh xe la mot meo dé xac dinh goc lai, nhung n6 khong
c6 gia tri vat ly. Trén thyc té, truot lién quan dén sy phan bd khéi luong trén xe ciing
nhu cac diéu kién dong.

3.3.7. Mo phong dong hoc cuia xe

y
A

0) P X
Hinh 3.11 H¢ toa do cua xe

He toa do tuyét d6i ( hé toa do gdc) 14 hé toa do cd dinh dugc dat trong moi truong
va duoc biéu dién bang (X,Y). H¢ toa d) tuong d6i ( hé tao d6 xe) 1a hé toa do gan lién
v6i xe va duogc biéu thi bang (X:, Yr). Goc cta hé toa d6 xe 1a P.

Vi tri xe so voi1 hé toa 30 xe duge xac dinh bang ma tran vi tri
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Nghién ciru, thiét k& mo hinh xe théng minh sir dung céng nghé giao tiép V2V

a=[x y o] (3.30)

bé chuyén ddi vi tri cta xe tir hé tao do tuong dbi (P X:Y:) sang hé toa do tuyét
doi (OXY) ta str dung ma tran chuyén déi R duoc xac dinh nhu sau:

¢ =R(0)Sk (3.31)
Trong d6 R(0) 12 ma tran quay cua xe quanh truc thing dimg, véi:
Cosé -Sing 0
R(@)=| Sin@ Cosé 0 (3.32)
0 0 1

Vin tdc tuyén tinh cua xe trong hé toa do bang trung binh véan tdc tuyén tinh cua
hai banh xe theo hé toa do xe:

Ve +V, -R Pr + P (3.33)
2 2

Van toc goc cua xe la:

:VR+VL _R% To
2 2
Céc van tdc cta xe trong hé toa do co thé biéu dién dudi dang cac van toc cua

diém trung tam P trong khung xe nhu sau:

) D otd
( x;‘ =R<pR DL,
2

) (3.34)

yp =0 (3.35)
6=w=R QR+OL
T2
Suy ra:
_B R i}
2 2 &
¢=|0 0 x[ .R} (3.36)
R R 28
2L 2L
Véi:

- R=0,0325 (m) : l1a ban kinh banh xe;

- L=0,096 (m) : 1a khoang céch gitra 2 banh xe;

- @, ¢, =0,4:1a van toc goc cuia banh phai, trai cua xe
X, =1,08m/s: xe di thang vdi téc do 1,08 m/s
y:) = 0: khong c6 chuyén dong ngang
6 = 0: khong c6 quay khi xe chay thing
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Nghién ciru, thiét k& mo hinh xe théng minh sir dung céng nghé giao tiép V2V

Ma tran van tdc theo hé tuyét dbi duoc thé hién nhu sau:

q:

Ye
0

BCose
X é
=R(0)| y; |= ESinH
0" R
2L

ECose
2

gsme (3.38)

P
_R
2L

Véi R =0,0325 (m) la ban kinh banh xe

L =0,096 (m) la khoang cach gifra 2 banh xe

(bR ) ¢|_ =0,5:13 van tdc gbc cua banh phai, trai cia xe
6 =0(d9d): 1a goc quay cua banh xe

Ma tran q' con duoc thé hién theo vén toc dai v va van toc o theo cong thirc sau:

Coséd O
. \"
g=|Sing 0 x{ } (3.39)
[0
0 1
Van toc xe khi chay thang (v = 14, )5" 'E {.h @\ @\ /ULT

w
E 15
2
o 1f
e
&
S05F

0 1 2 3 4 5 6 7 8 9 10
_oF T T T .
__E == == :Djchuyen thang
o 1.5F
»
=
& 1F
o
8
P 0.5
[
>

0 1 2 5 4 = 6 7 8 9 10

Thoi gian (s)

Hinh 3.12 Van tdc xe va banh trai, phai theo thoi gian khi xe chay thang

3.3.8. Cdc thong so co bén ciia xe

Tt viéc tinh todn cac thong s6 kich thudc co ban cua xe, cung vdi ban thiét ké xe
trén phan mém Inventor nhu (hinh ..), bang thong s6 cua xe dugc trinh bay trong (bang

)
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Nghién ciru, thiét ké mé hinh xe thong minh st dung cong nghé giao tiép V2V

Hinh 3.13 Mo hinh thiét ké
Bang 3.2 Thong s thiét ké mo hinh xe

Théng sd Gia tri

Khoang cach tir tim banh diéu hudng a= 140 mm
dén tam banh dan dong

Chiéu rong xe b=176 mm
Chiéu dai xe c=211 mm
Chiéu cao tinh tir san dén trong tim h=35mm

Ban kinh banh xe r=232,5 mm

3.3.9. Thiét ké in 3D vé xe

Cong ngh¢ in 3D, déc biét 1a phuong phap FDM (Fused Deposition Modeling),
dugc tmg dung rong réi trong ché tao mau mo hinh nho kha ning tao hinh nhanh, chinh
x4c va tiét kiém chi phi. V61 nguyén 1y hoat dong dua trén viéc dun sgi nhya nhiét déo
(nhu PLA, ABS) qua dau phun nong va dap ting 16p vat liéu theo md hinh 3D dinh sén,
FDM cho phép tao ra nhiing chi tiét co hinh dang phtic tap ma cic phuong phap gia
cong truyén thong kho thuc hién. Pay 1a Iya chon 1y tudong cho viée thiét ké va san xuat
vo mo hinh xe, dac biét trong modi trudong nghién clru va hoc tap.

4 == -

Hinh 3.14 Thiét ké vo xe va can boc cum cam bién
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Nghién ciru, thiét k& mo hinh xe théng minh sir dung céng nghé giao tiép V2V

Qua trinh thyc hién bao gdm céac budc chinh: dau tién la thiét ké mo hinh vo xe
bang phan mém CAD (nhu Autodesk Inventor), sau d6 xuét file sang dinh dang .STL dé
dua vao phan mém slicing (vi du: Ultimaker Cura) nhiam thiét lap thong sb in nhu chleu

cao 16p, tdc do in, nhiét do...

Tiép theo, file G-code dugc nap vao may in 3D dé tién

hanh in thyc té. Sau khi in xong, san phdm s& duoc xtr 1y hoan thién bé mit (néu can)
va lap rap 1én khung xe mo hinh dé ki€m tra ¢ phu hop va danh gia hi¢u qua thiét ké.

3.4. Thiét ké bd tri cac bd phan, hé thong trang bi trén mé hinh xe dién

3.4.1. Phwong dn chon va bé tri dpng co

Phuwong 4n Hinh 4nh Uu diém Nhugc diém

Pong co budc - C6 thé diéu khién | - Hién tuong trugt
chinh x4c vi tri budc, muon hoi
theo budc. tiép can gan them

encoder, lac dung
tai 1 vi tri dong co
ngam dién dé gitr

rotor.

DPong co servo
MGI95

- Tranh duogc hién
tuong truot budc
nhu Step DC

- M6-men xoédn
manh, chiu tai tot.
- Khong yéu ciu
d0 chinh xac cao
tuyét déi trong goc
gidi han, khién
soat vi tri.

- Nhiét do cao khi
hoat dong lau, anh
huéng dén hiéu
Suét.

- C6 thé tiéu thu
dong di¢n 16n khi
chiu tai (Ién dén
~1.54), yéu cau

nguon cap du
manh.

- Thiet 1ap bo dieu
khién phrc tap.

Pong co DC gin
encoder

- Toc do ti 18 véi
dién &p hi¢u dung,
dic tuyén
torque/dong tuyén
tinh, kha ning bi
qua tai thap. Gia
thanh thap

- Tan nhiét kém

Sinh vién thyc hién: Pang Minh Hiéu
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Nghién ciru, thiét ké mé hinh xe thong minh st dung cong nghé giao tiép V2V

Pong co giam toc
vang 3-9V

- Voi gid thanh ré,
dé st dung nén
chiéc dong co nay
dugc st dung rat
nhiéu véi mé hinh
nghién cuou cac
nghanh ki thuat.

- Chi dung voi céc
mo hinh nhd, tai
trong va momen
thap.

* Dra vao tinh toan cong suét ta chon loai dong co dién phu hop:

Pdng co servo s dung diéu khién thudc 1ai dan hudng:

Théng s6 k§ thuat

- Bién ap hoat dong 3.5 ~ 8.4V

- Dong dién cung cap <1000mA
- Xung yéu cau: xung vudng dién ap dinh tir 3~5
- Nhiét d6 hoat dong: tir 0 dén 60°C

- Kiéu banh rang: banh dong

- Luc kéo: + 13 kg/cm: tai 4.8V

+ 15 kg/cm: tai 6V

Hinh 3.15 Bong co servo MG995

- Toc d6 quay: +0.17 sec/600: tai 4.8V ché do khong tai
+ 0.13 sec/600: tai 6V ché d khong tai
- Kich thudc: 40 x 20 x 47mm

- Khdi lugng: 48¢

Pong co DC gin encoder sir dung dé di chuyén xe:

Sinh vién thyc hién: Pang Minh Hiéu
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Nghién ciru, thiét k& mo hinh xe théng minh sir dung céng nghé giao tiép V2V

Hinh 3.16 Pong co DC gan encoder

Théng s6 ky thuat

- Ma dong co: MG531

- Cong suat dinh murc: 7W

- bién ap lam viéc: 7 - 13V

- Loai dong co: Nam cham vinh ctru c6 chdi than
- Dong dién khi dong co bi giir: 5,4A

- Momen xoian giit: 15 kgf.cm

- Momen xodn dinh murc: 1,5 kgf.cm

- Dong khong tai: 540mA

- Tdc do trude khi giam tde (khong tai): 15000 v/p
- Tbc d6 sau khi giam tdc (co tai): 500 v/p

Bang di¢n tir ——

) =~ Squaring Circuit

e

| J— Photo Sensor

B¢ tach song quang

'\-4

Pia encoder ——

Disk ————»

Nguon sang quang ——s LD —= o

Hinh 3.17 Nguyén 1y by encoder

B6 mi hoa (encoder) sir dung nhiéu cong nghé khac nhau dé tao ra tin hiéu, bao
gdm co hoc, tir tinh, dién trd va quang hoc — trong d6 céng nghé quang hoc duoc sir
dung pho bién nhat. Trong cam bién quang hoc, bd mi héa cung cip tin hiéu phan hoi
dua trén su gian doan cia chum tia sing, nhu minh hoa trong Hinh 3.18.

Mot chum &nh sang phat ra tir dén LED s€ d1 qua mgt dia ma (Code Disk) trong
subt duoc tao hoa vin bé'mg cac vach mo, trong tu nhu nan hoa cua banh xe dap. Khi
tryc bd ma hoa quay, cac vach mo ndy sé ngit quing chium sang. Tin hiéu anh sang da
duoc diéu bién nay sau d6 duoc thu nhan boéi Bo thu quang dién (Photodetector
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Nghién ciru, thiét k& mo hinh xe théng minh sir dung céng nghé giao tiép V2V

Assembly), thuong 13 mot mang didt quang hay cam bién quang. Cam bién quang phan
g bang cach tao ra dang séng hinh sin, sau d6 duoc chuyén dbi thanh séng vudng hoic
chudi xung. Céc tin hiéu xung nay s& duogc truyén t6i bd dém hoic bo diéu khién dé xir
1y va thue hién cac chirc ning diéu khién mong mudn.

Bén canh tin hiéu xung thong thuong, b6 ma hoa gia tang con tao ra mot xung chi s6
(index pulse) mdi vong quay, con duge goi 1a xung danh . dau hodc xung tham chiéu.
Xung nay xuat hién tai mot diém co hoc xac dinh trong mdi vong quay cua truc bo ma
hoa va duoc dua ra trén mot kénh riéng biét (kénh Z) so voi cac kénh tin hi¢u thong
thuong. Xung chi s dong vai trd quan trong trong cac tng dung diéu khién chuyén
dong, giup xac dinh chinh xéc vi tri tham chiéu co hoc cua hé théng.

3.4.2. Phwong dn chon va bé tri mach diéu khién

hoac mdt dong co
budc.

- Mach st dung cau H
(H-Bridge) cho phép
thay d6i chiéu quay cta
dong co dé dang.

- Cung cap dong toi da
khoang 2A méi kénh,
phu hop vé6i nhiéu
dong co cd cong suét
vira va nhd.

- Hb tro dai dién ap dau
vio tir 5V dén 35V nén
thich hop véi nhiéu
loai dong co khéc nhau.
- Diéu khién téc do
dong co bang cach diéu
chinh d§ rong xung
PWM.

- Bao vé mach khoi
xung ngugc dién ap tur
dong co, gidm nguy co
hong hoc.

Phuong 4n Hinh 4anh Uu diém Nhuwge diém
Bo diéu khién - C6 thé diéu khién hai |- Do s  dung
L298 dong co DC doc lap | MOSFET cii  hon,

hiéu sut chi khoang
60-70%, gay hao phi
nang lugng va sinh
nhiét 16n.

- Dong dién tdi da
2A/kénh khong du dé
diéu khién cac dong
co manh hon.

- Can it nhat 4 chan
GPIO d¢ diéu khién
hai dong co, co thé
chiém nhidu  tai
nguyén trén vi diéu
khién.

- Dién 4p sut do su
dung transistor
Darlington, c¢6 thé
lam gidm khoéang
1.5V - 2V dién ap dau
ra
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- St dung MOSFET | - Néu can diéu khién
v6i RDS(on) thap nén | nhidu dong co, can
giam dién ap sut va | nhiéu IC A4950 hoic
tang hiéu suét. chon driver khac.

- [t toa nhiét hon L298. | - Dong dién t6i da 5A
xung / 3.5A lién tyc,
thiap hon so véi cac
driver nhu BTS7960
(~40A).

- Piéu khién dong co
DC, khong thé diéu
khién dong co budc
nhu L298.

B0 diéu khién
A4950

- Cung cép dong lién
tuc 3.5A va xung toi da
5A, hop véi dong co
cong suat vira.

- Diéu khién téc do
bang PWM véi tan s6
cao cho dong co chay
ém hon va khong bi 6n.
- Tich hop MOSFET | - Khi téi néng, can tan
cau H bén trong, khong n}A’netA hoaf PGB thle:[
can diode ngoai nhu kemtot dé tranh qua
1298, nhigt.

* Dya vao tinh nang ndi troi ta chon loai mach diéu khién phu hop phu hop:

o

Hinh 3.18 Mach diéu khién A4950

Thong so6 ky thuit :

- Dién 4p dicu khién : 7.6~40VDC o
- Co bao v¢ gidi han dong dién, 2A (qua dong s& khong cat ngudén ma chi gioi han
dong dién dau ra)
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PWR1
5«44V DC Supply (151 M1
H&450_module
5 o ? Motor_DC
. 1 '-‘— —ov T T aourz}—
0-5V(IMAX) o i
5 —{VREF| | BIN1}—
—4AIN2 | | BIN2}—
AINL L ] VREF}—
'r” —-4BOUTY yME
BOUT2 GND +—
M2 Motor Driver Module
Motor DC |
| T
| AINL : = 1
| OV(GND) i ov
: BIN2__ |
| BINY |
| Connected :
| to Arduino
| PWM pins :
| .

Hinh 3.19 So d@6 mach diéu khién A4950
* Tim hiéu vé mach cau H
Mach cau H 13 mdt mach don giém‘dﬁngq dé diéu lghién dong co DC quay thuan
hodc quay nghich. Trong thyc t€, c6 nhiu ki€u mach cau H khac nhau tuy vao cach
chung ta lya chon linh kiét} co dong dién, ap diéy khién lon hay nho, tan s6 xung PWM...
Va chiing s€ quyét dinh dén kha ning diéu khién cua cau H.

svee
Switch 1 / Switch 2
Open S Open
Switch 3 / Switch 4
Open Open
GND
Motor OFF

Hinh 3.20 M6 hinh mach ciu H
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Mot dong co DC c6 thé quay thuan hodc quay nghich tuy thudc vao cach ban méc
cuc am va duong cho motor d6. Vi duy, dong co DC c¢6 hai dau A va B. Néu ban ndi A
vao cuc duong (+) va B vao cuc am (-) cta ngudn thi dong co quay theo chiéu thuan
(gia st cung chiéu kim ddng hd). Bay gid ban ndi nguogc lai, A vao (-) va B vao (+),
dong co s& quay nghich ( gia str nguoc chiéu kim dong hd).

Tuong ty, khi ta dong S1 va S4, ta da cho A ndi véi cuc duong (+) va B n01 Vo1

cuc am (-) ctia ngudn, mot dong dién chay tur ngudn qua S1 qua dong co qua S4 vé mass
1am dong co quay theo chiéu thuin (hinh 2.8a).

+VCC wee

Current Flow Current Flow Current Flow
Switeh 1 Switch 2 Switeh 1 | Switeh 2
Open A Closed Closed | Closed

—lf\]—'— S | mm

Switch \ Switch 4 Switch 3 Switch 4
Closed ? * Open Closed Closed

Current Flow Current Flow

L |*)

J_‘ j:-GND

Motor Running Anti-Clockwise invalid Configuration
Hinh 3.21 a, Bdng co quay chiéu thuén ; b, bong co quay chiéu nghich
Nguogc lai (hinh 3.22b), khi ta dong S2 va S3, dong co quay nghich
3.4.3. Khéi nguon

Pin 18650 duoc tng dung trong rat nhiéu cac linh vuc thiét bi s6 nhu pin laptop,
pin sac du phong, pin may khoan pin va trong cac d6 4n xe tu hanh co vira va nho. Pin
18650 14 cell pin Lithium-ion c6 thé sac lai trong nganh coéng nghiép pin, thuong duoc
st dung cho pin laptop hodc sac du phong. La pin c6 thé sac lai dugc va sir dung cong
nghé Lion (Lithium Ion). Pin 18650 c6 dién ap dao dong quanh khoang 3.7V — 4.2V.

Pin 18650 c6 duong kinh 18mm va chiéu dai khoang 650mm, céi tén 18650 ciing
bat ngudn tir diy dé phan biét v6i cac dong pin khac. sé 0 chinh 1a dé phan biét day 1a
pin dang hinh tru. Ngoai ra n6 cling c6 nguodi anh em la pin 26650 véi kich thude bé
hon va dung luong 16n hon nhung it phd bién hon 18650. Trong d6 4n nhom quyét dinh
str dung pin cell thay vi cac loai pin théng thudng béi mét sb 1i do sau day:

- Khéi luwong, kich thudc nhé gon.
- Co thé sac day va st dung tiép.

- Pap ung di loai cong suat, chi phu thudc vao cong suat sir dung va thoi gian sir
dung (trc 1a cong suat st dung cang 16n thi thoi gian sir dung cang ngan va nguoc lai).

Em Iya chon loai pin cell sau day:

Thong s k¥ thuat cua Pin cell 18650 Samsung 2600mAh
- Chét liéu pin: pin lithium ion;

- Thuong hi€u pin: Samsung;
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- Mau pin: 18650;

- Thong s6 k¥ thuat cua pin: duong kinh 18mm * dai 65mm;
- Dung lugng pin: 2600 mAh,;

- Bi¢n trd trong cua pin: 45,6 mQ (milliohms);

- S 1an xa: 1000 chu ky tré 1én;

- Tiéu chuan dién 4p: dién ap tiéu chuan 3,6 ~ 3,7V, dién 4p 4.2V sau khi day dién,
2,75V sau khi xa.

Hinh 3.22 Pin cell 18650 Samsung 2600mAh

3.5. Phwong 4n chon va thiét ké mé hinh dwong sa

2600mm
| -— «-— |
T O\
/ | I
, |
Két thuc | I |
. T e 44— " —-"———-—————————— i ey -
Bat dau : |
| I
| |
| ! /
| ;

Hinh 3.23 Bién dang duong c6 vong cua
Uu diém cua bién dang duong nay:

1. D& diéu hudng: Cac doan cong & hai dau giup xe tu hanh quay dau mot cach
muot ma, giam thiéu nguy co mat can bang hodc trugt banh.

Sinh vién thyc hién: Dang Minh Hiéu ~ Huéng dan: TS. Hoang Thang 53



Nghién ctru, thiét ké md hinh xe thong minh st dung cong nghé giao tiép V2V

2. Giam mai mon: Do chuyén hudng tron tru, banh xe it bi mai mon hon so véi
khi quay gap.

3. Tang tdc d6 di chuyén: Xe c6 thé duy tri téc d6 cao hon khi vao cua vi khong
phai gidm toc do dot ngdt.

4. Thich hop cho cam bién do line: Puong cong lién tuc gitp cam bién d& theo doi
va it bi nhieu hon so vdi goc vudng.

Nhuoc diém:

1. Chiém dién tich 16n hon: Cac goc bo tron chiém nhiéu khong gian hon so voi
gbc vudng.

2. Phirc tap khi 1ap trinh: Can thuat toan phirc tap hon dé diéu khién toc do va
hudng khi vao doan cong.

3. Kho tinh chinh PID: Viéc tinh chinh PID khé hon ¢ doan cong do thay d6i goc
lién tuc.

4. Yéu cu cam bién chinh x4c: Cam bién phai c6 do nhay va d6 chinh xéac cao dé
theo doi bién dang cong.

Bién dang dudng dugc chon dé thiét ké trong qua trinh thuc nghiém mé hinh di chuyén:

Hinh 3.24 Thiét ké va ché tao dudng sa ban
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Chwong 4: THIET KE PHAN PIEN PIEU KHIEN

4.1. Gi6i thi¢u vé phin mém Arduino IDE va cic bo mach Arduino UNO
4.1.1. Gidi thigu phian mém Arduino IDE
a, Giao dién

Arduino IDE 1a mot phdn mém véi mot md ngudn mé, duge st dung chu yéu dé
viét va bién dich ma vao module Arduino. N6 bao g@)m phan cimg va phan mém. Phan
cimg chira dén 300,000 board mach dugc thiét ké san V01 cac cam bién, linh kién. Phan
mém giup ban co thé str dung cac cam bién, linh kién Ay cua Arduino mét cach linh hoat
phu hop véi muc dich str dung.

Arduino IDE c6 mdt giao dién don gian, dé st dung giup ngudi dung thuan tién
hon trong thao tac. Dudi ddy 1a mot sb tinh niang chiing ta thuong st dung:

« Nt kiém tra chuong trinh (Verify): gitp do 18i phan code dinh truyén xudng bo
mach Arduino.

o Nut tai doan code vao bo mach Arduino (Upload): giip nhép doan code vao bo
mach Arduino.

« Viing 1ap trinh: nguoi dung s& viét chuong trinh tai khu vuc nay.

« Thanh Menu: gém nhiing thé chirc niang nam trén cing nhu File, Edit, Sketch,
Tools, Help.

B Moot | Arurws X 204
Ving

tenh - £

Ving
viét
chuong
trinh

e st s et il e i

Vung
thong
bio

Hinh 4.1 Giao dién cta phan mém Arduino

b, Vung 1énh

Bao g?)m cac nut 1énh menu (File, Edit, Sketch, Tools, Help). Phia duéi 1a cac icon
cho phép str dung nhanh céc chirc nang thuong dung cua IDE dugc miéu ta nhu sau:

Icon Chtric nang
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Bién dich chuong trinh dang soan thao dé kiém tra
cac 101 1ap trinh.

Bién dich va upload chuong trinh dang soan thao.

M¢ mot trang soan thao maoi.

Mo cac chuong trinh da luu.

Luu chuong trinh da soan.

Mo cura Serial Monitor d€ gui va nhéan dir li¢u gitra
may tinh va board Arduino.

B EHEEES

Hinh 4.2 M6 t4 vung 1énh
¢, Ving viét chuong trinh
Viét cac doan ma cia minh tai day. Tén chuong trinh dugc hién thi ngay dudi day
cac Icon, ¢ day no tén la “Blink”. D¢ y rang phia sau tén chuong trinh c6 mot dau “§”.
bicu d6 c6 nghia la doan chuong trinh chua dugc luu lai.
d, Vung thong bao (debug)

Ln 40, Cel 1 Arduino Uno on COME [not connested] 231

Hinh 4.3 Vung thong bao

Nhiing thong bao tur IDE s& duoc hién thi tai ddy. Dé ¥ rang goc dudi cung bén
phai hién thi loai board Arduino va cong COM dugce str dung. Ludn cha y t61 muc nay
bdi néu chon sai loai board hodc cong COM s¢€ khong thé upload dugc code cua minh.

Ban c6 thé tim thdy mot vai huéng dan khic phuc céc 16i thuong gap khi 1ap trinh
Arduino tai Loi cia Arduino? Va céc 161 thuong gap khi 14p trinh Arduino

e) Arduino IDE Menu:

File Edit 5ketch Tools Help

Hinh 4.4 IDE Menu
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File menu:

Mew Sketch Ctrl+M

Mew Cloud Sketch Alt+Ctrl+M

Open... Ctrl+0O
Open Recent >
Sketchbook »
Examples >

. Close Ctrl+W

' Save Ctrl+S
Save As.. Ctrl+Shift+5
Preferences... Ctrl+Comma
Advanced >
Quit Ctrl+Q

Hinh 4.5 File menu

Trong file menu chiing ta quan tAm téi muc Examples day 1a noi chtra code mau
vi du nhu: cach str dung cac chan digital, analog, sensor ...
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& XeSau | Arduino IDE 2.3.4
File Edit Sketch Tools Help

r

New Sketch Ctrl+N
New Cloud Sketch Alt+Ctri+N
Open... Ctri+0
Open Recent >
Sketchbook

Examples »
Close Ctrl+W
Save Ctrl+S
Save As. Ctrl+Shift+S
Preferences Ctrl+Comma
Advanced >
Quit Ctri+Q

41 String receive

Sketch uses 9290 byt
Global variables use

01.Basics

02.Digital

03.Analog
04.Communication
05.Control
06.Sensors
07.Display

08.Strings

09.USB
10.StarterKit_BasicKit

11.ArduinolSP

for Arduino Uno

EEPROM
Ethernet
Firmata
Keyboard
LiquidCrystal
SD

Servo
SoftwareSerial
SPI

Stepper

TFT

Wire

m

xamples from Custom Libraries
BluetoothSerial

EByte LoRa E32 library

LoRa

RF24

XBee-Arduino library

Hinh 4.6 Click Examples

Edit menu:
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r k|

| Undo Ctrl+7Z

| Redo Ctrl+Shift+Z "
Cut Ctrl+X
Copy Ctrl+C

Copy for Forum (Markdown)  Ctrl+5hift+C

Paste Ctrl+V
Select All Ctrl+A
Go to Line... Ctrl+L
Comment/Uncomment Ctrl+/

Increase Indent
Decrease Indent

Auto Format Ctrl+T

Replace in Files

Increase Font Size Ctrl+=

Decrease Font Size Ctrl+-

Find Ctrl+F

Find Next Ctri+ G

Find Previous Ctri+Shift+ G

Use Selection for Find Ctrl+E JI
Hinh 4.7 Edit menu

Sketch menu
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7
Werify/Compile Ctrl+R

' Upload Ctrl+U
I Canfigure and Upload
Upload Using Programmer  Ctrl+Shift+U
Export Compiled Binary Alt+Ctrl+5

Optimize for Debugging

Show Sketch Folder Alt+Ctrl+K
Include Library g
Add File...

Hinh 4.8 Sketch menu
Trong Sketch menu :

- Verify/ Compile : chic nang kiém tra 18i code.

- Show Sketch Folder : hién thi noi code duge luu.
- Add File : thém vao mdt Tap code moi.

- Import Library : thém thu vién cho IDE

Tool memu:
Auto Format Ctrl+T
Archive Sketch
I
Manage Libraries... Ctrl+5Shift+
Serial Monitar Ctrl+5hift+M

Serial Plotter

Firmware Updater

Upload S5L Root Certificates

Board: "Arduino Uno" >
Port: "COMB" >
Reload Board Data

Get Board Info

Programmer >

Burn Bootloader

Hinh 4.9 Tool menu

_ Trong Tool menu ta quan tdm cac muyc Board va Serial Port Muc Board : cac ban
can phai lya chon bo mach cho phu hop voi loai bo ma ban st dung néu la Arduino Uno
thi phai chon nhu hinh:
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Arduino Yun

v Arduino Uno
Arduino Uno Mini
Arduino Duemilanove or Diecimila
Arduino Nano
Arduino Mega or Mega 2560
Arduino Mega ADK
Arduino Leonardo
Arduino Leonardo ETH
Arduino Micro
Arduino Esplora
Arduino Mini
Arduino Ethernet
Arduino Fio
Arduino BT
LilyPad Arduino USE
LilyPad Arduino
Arduino Pro or Pro Mini
Arduino NG or older
Arduino Robot Control
Arduino Robot Motor
Arduino Gemma
Adafruit Circuit Playground
Arduino Yan Mini
Arduino Industrial 101
Linino One

Arduino Uno WiFi

Hinh 4.10 Chon Board

Néu cac ban st dung loai bo khac thi phai chon dung loai bo ma minh dang c6 néu
sai thi code Upload vao chip s& bi 16i.

Serial Port: day 14 noi lua chon cong Com cia Arduino. Khi ching ta cai dat driver
thi may tinh s& hién théng bao tén cong Com cua Arduino 1a bao nhiéu, ta chi viéc vao
Serial Port chon dung cong Com dé nap code, néu chon sai thi khong thé nap code cho
Arduino duoc.

f) Mot s6 luu ¥
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Khi 14p trinh, cAn chon port (cong két ndi khi gin board vao) va board (tén board
ma ngudi dung st dung). Gia str, ngudi ding dang ding mach Arduino Uno, va khi gin
board nay vao may tinh bang cap USB né duogc nhan 12 COM4 thi ngudi dung chinh
nhu thé nay 1a c6 thé 1ap trinh duoc.

Tools Help
Auto Format Ctrl+T -
Archive Sketch
Manage Libraries... Ctri+Shift+
Serial Monitor Ctri+Shift+M
Serial Plotter
Firmware Updater

Upload SSL Root Certificates

Board: "Arduino Uno" »

Port; "COMG" > Serial ports
Reload Board Data COM4

Get Board Info COM3
Programmer |3

Burn Bootloader

Hinh 4.11 Cach tim cong COM

CAu tric ban dau ciia chuong trinh trong 1ap trinh Arduino IDE kha don gian, chi
bao gom hai ham setup() va loop().

- Khi chuong trinh cta ching ta bit dau chay, nhitng 1énh trong setup() s& duoc
chay trudc tién. Do d6, ta thuong dung ham nay dé khoi tao trang thai va gia tri ctia cac
bién. Moi ngudi ciing hay ding ham nay dé khoi tao cac thong sé trong phan mém tng
dung.

- Sau khi setup() chay xong, cac 1énh trong loop() sé duoc chay. Pay la m{t vong
lap vo tan, do d6 cac dong code trong ham nay s& dugc lap lai mai cho dén khi nao ban
ngit ngudn cua board Arduino méi thoi. Hodc ban c6 thé tit nd bang nit Reset trén bang
mach. Luc nay, chuong trinh ctia ban sé tré vé lai trang thai nhu khi méi bat, tirc 13 bét
dau chay lai tir ham setup().

C6 thé xem qué trinh nay bang hinh dudi:

Arduino
dugc cip nguon

setup() { loop() |{
» lénh cua ban | » lexh cua ban

\ )
) ’

Baim mit Reset 1 L

- ar

Hinh 4.12 Qua4 trinh 13p trinh Arduino IDE
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* Cau triic ciia mdt chwong trinh lap trinh Arduino
Phan 1 : Khai bao bién
- Pay la phan khai bao cac yéu to nhu: kiéu bién, tén bién, dinh nghia cac chan

cam trén board. Mot sb kiéu khai bao bién thong dung hay duing:
#define

- Define dugc dich la dinh nghia. Ham nay c6 tdc dung dinh nghia, hay con dugc
hiéu 14 1a gan: gdn mot chan cam, mot ngd ra nao d6 véi 1 cai tén minh thich.
Vi d6 c6 thé: #define led 13

- Luu y : sau #define thi khong c6 dau phay
- Ban c6 thé khai bao cac kiéu bién khac nhu: int (ki€u s6 nguyén), float,...

Phéan 2 : Thiét ké
- Phan nay dung dé xay dung cho chuong trinh. Ban can nhd rd ciu tric ciia no:
void setup().
- Cau tric ctia né sé c6 dau ngodc ¢ dau va & cudi. Néu bi thiéu phan nay khi
chay chuong trinh thi chwong trinh s& béo 16i.
- Phan nay dung dé quan 1y cac téc do truyén dit liéu, kiéu chan ra hay chan vao.
Trong do:
Serial.begin(9600); Dung dé truyén dir liéu tir board Arduino 1én laptop.
PinMode(bién, kiéu vao hodc ra); Vi du: pin Mode(ChanDO, INPUT); duoc
dung dé xac dinh kiéu chan cam 14 vao hay ra.
*Vong lap :

Dung dé viét cac 1énh trong chuong trinh dé board Arduino thuc hién céc tinh ning
ma ching ta mong mudn. Vong lap thuong dugce bat dau bang doan ma: void loop()

File mi ngudn (source code) ctia Arduino IDE ¢6 dudi mo rong 14 .ino. Pé nhung
1énh diéu khién vao Arduino thi can bién dich file .ino thanh file .hex. File .hex chtra
1énh thuc thi duoc biéu dién dudi dang hé co s6 16. Board mach Arduino chi hiéu va
chay duogc nhiing 1énh nay

4.1.2. Gioi thiéu bo mach Arduino Uno R3

Arduino Uno la bo mach vi xu ly hoat dong dya trén ATmega328. Bo mach nay co
14 chan input/output digital (trong do c6 6 chan duogc dung cho dleu ché xung dau ra
PWM), 6 dau vao analog, tan s6 giao dong thach anh 1a 16MHz, két n6i USB , Jack cam
nguon, chan tiéu dé ICSP, mot nat reset. Bo mach nay chua tat ca céc tinh nang can thiét
dé hd tro két ndi véi cac vi didu khién khac. Ngudn sir dung cho bo mach cé thé qua
USB, str dung pin hodc ngudn thong qua bd chuyén d6i AC-DC.
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Chdn cdm adt sb
Chén tin hidu sb (2-13) céng ra (TX)

Céng vao (RX)

Analog Reference Pin

Céng cdm USB — .
NuUt Reset

Chdn ICSP cla
Atmega 328

IC didu khién
Atmega 328

Céng cdp ngudn dién

Chén resset
Chan ngudn 3.3Volt

Chén ngudn 5Volt

Chdn tin hidu
Analog (0-5)
Ngudn vao

Chan mt aat

Hinh 4.13 Bo mach Arduino Uno R3
_ Arduino Uno khac voi tat ca cac bo mach khac & chd no khong sir dung chip diéu
khién noi tiép FTDI USB. Thay vao dé cac tinh nang cua ATmegal6U2 dugc lap trinh
dé chuyén do1 USB noi tiép.

_ O phién ban thir hai: bo mach Uno c6 dién tré ndi duong 8U2 HWB véi dat, do do

ta dé dang hon trong vi¢c thiet lap ché do DFU.
O phién ban stra doi thir 3 ctia bo mach c6 cac tinh nang méi dudi déy:

- So'd0 chan 1.0: Thém céc chan SDA va SCL gan v6i chan AREF va 2 chin méi
duogc dat gan chan RESET, IOREF cho phép Shield nhin nguon cap tir bo mach. Trong
twong lai, Shield s€ twong thich vdi cac bo maqh c6 st dung AVR, c6 dién ap hoat ’dC)n’g
1a 5V va Arduino Due hoat dong ¢ 3.3V. Mot s6 chan trong bo mach khong dugc két noi
gi dé danh cho muc dich trong tuong lai.

- Mach Reset manh mé hon.
- ATmega 16U2 thay thé cho 8U2.

"Uno" 1a tir trong tiéng Y va duogc dit tén dé danh dau viéc phat hanh phién ban
Arduino 1.0. Uno va phién ban 1.0 s€ la phién ban tham khdo ctia Arduino, va ludn c6
su cai tién. Uno 12 mot trong nhirng bo mach méi nhét trong mot loat cac bo mach USB
Arduino, va 1a mé hinh tham chiéu nén tang cta Arduino, dé so sanh véi phién ban trudce
d6, xem cac thong sd cia bo mach Arduino.

Bang 4.1 Tém tat cac thong s6 chinh ciia bo mach Arduino Uno
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Chip xtr ly ATmega328
Dién ap hoat dong 5V
Dién ap vao (khuyén nghi) 7-12V
Dién ap vao (gidi han) 6-20V
So chén /O Digital 14 (6 chan dau ra PWM)
S6 chan dau vao
Analog 6
Dong DC trén chan [/O 40 mA
Dong DC trén chan 3.3V
50 mA
Flash Memory 32 KB (0.5 KB sir dung
cho bootloader)
SRAM 2 KB (ATmega328)
EEPROM 1 KB (ATmega328)
Toc do xung 16 MHz

4.1.3. Céu tao ciia Arduino Uno R3
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Hinh 4.14 So dd ndi chan kit Arduino Uno
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Trén bo mach c6 14 chén digital c6 thé duoc str dung cho mach dich vao hoic ra,
st dung cac ham pinMode(), digitalWrite(), va digitalRead(). Chung hoat dong ¢ mirc
dién ap 5V. mdi chan c6 thé cung cap hoic nhan dong cuc dai 12 40mA va dugc ndi véi
dién tré mac dinh tir 20-50 KQ. Ngoai ra con ¢d6 mot s6 chan c6 chirc nang dac biét:

- Chan ndi tiép: 0 (RX) va 1 (TX). Str dung dé nhén va truyén dir liéu TTL. Chan
nay dugc noi véi chan tuong ing cua ATmega82U.

- Chan ngit ngodi: 2 va 3. Chan nay c6 thé duoc thiét 1p dé thyc hién ngat khi
dién ap qua thap hodc thay doi dot bién gid tri di€n ap. Thuong st dung ham ngat
attachInterrupt().

-PWM: 3, 5, 6,9 va 10. Xung PWM c6 d6 rong 1a 8 bits. Khi diéu ché xung dau
ra s dung ham analogWrite().

- SPI: 10(SS), 11 (MOSI), 12 (MISO), 13 (SCK). Cac chan nay hd tro truyén dan
SPI str dung thu vién SPI.

- LED: 13. C(’) mot dén LED duge ndi véi chan 13. Khi dién ap 6 muc cao LED
sang va & muc thap thi LED tat.

Uno c6 6 dau ra analog, c6 nhan 13 A0 dén A5, mdi chan duoc cung cap 10 bits dir
liéu (twong trng vo1 1024 gia tri khac nhau). Trén bo mach Ethernet c6 6 chan dau vao
twong tu, c6 nhan tir A0 dén AS, moi chan st dung 10 bits (turc 1a cd 1024 gia tri khac
nhau). Ngudn cap cho céac chan nay 1a tir 0-5V, mac du né co thé thay do6i pham vi hoat
dong cua ching bang cach st dung chan AREF va ham analogReference(). Ngoai ra,
mot sO6 chan c6 chuc nang chuyén biét:

- TWI: A4 (SDA) va A5 (SCL). HO tr¢ truyén thong TWI st dung thu vién Wire.
Con co hai chan khac trén bo mach la:

- AREF: Dién ap tham chiéu cho dau vao twong tu. Sir dung voi ham
analogReference().

- Reset. Puoc dung dé thiét 1ap lai vi diéu khién. Thuong st dung nat reset dé hd
tro cac khoi trén bo mach.

Céc thiét bi dwa trén nén tang Arduino dugc 1ap trinh bang ngdn riéng. Ngon ngit
nay dua trén ngoén nglr Wiring dugc viét cho phan cung noi chung. Va Wiring lai 1a mot
bién thé ctia C/C++. Mot s6 ngudi goi n6d 1a Wiring, mét so khac thi goi la C hay C/C++.
Riéng minh thi goi nd 1a “ngodn nglt Arduino”, va doi ngii phat trién Arduino ciling goi
nhu v@y. Ngon ngit Arduino bat nguén tir C/C++ ph6 bién hién nay do dé rat dé hoc, de
hiéu.

4.1.4. Tim hiéu nguyén Iy ciia cdc chin Arduino Uno
a, Tin hi¢u Digital

Tin hiéu s6 1a tin hiéu biéu dién dit liéu dudi dang chudi cac gia tri ro1 rac. Tin
hiéu s0 chi c6 thé nhan mdgt gia tri tor mot tap hop hiru han céc gia tri co theé tai mot thoi
diém nhat dinh. Véi tin hi¢u s0, dai lugng vat Iy bi€u dién thong tin cé thé 1a nhicu tha:

- Dong dién hodc dién ap thay doi

- Pha hoac phan cuc cua truong dién tur
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- Ap suét am thanh
- D6 tir hoa cia phuong tién Iuu tri tir tinh

Tin hiéu sb duoc st dung trong tat ca cac thiét bi dién tur k¥ thuat $6, bao gém thiét
bi may tinh va thiét bi truyén dit liéu. Khi dugc biéu dién trén db thi dién ap so voi thoi
gian, tin hiéu sb 1a mot trong hai gid tri va thuong nim trong khoang tir OV dén VCC
(thuong 1a 1,8V, 3,3V hoac 5V) (xem Hinh 2).

Voltage

1

5V |- o i i e e e e e e e e e e e e e e — m — — — - — - - - -

ov » Time
Hinh 4.15 Tin hiéu Digital
* Cac chan Digital
Gom 14 chan (DO dén D13). C6 thé hoat dong & ché do Input (dau vao) hodc
Output (dau ra).

Mot s chan co chire nang dac biét:

- DO (RX) & D1 (TX): Dung dé giao tiép UART (Serial).

- D2 - D13: Chan digital thong thudng, c thé dung lam GPIO (General Purpose

Input/Output). N
- D3, D5, D6, D9, D10, D11: Ho tro PWM (Pulse Width Modulation).

* Hoat dong nhwr tin hiéu so6 (ON/OFF, 0V hoic 5V).

K§ thuat s6 1a cach biéu dién dién ap theo 1 bit: 0 hodc 1. Cac chan k¥ thuat sb
trén Arduino 1a cic chan duoc thiét ké dé duoc cAu hinh lam dau vao hodc dau ra theo
nhu cau cua nguoi dung. Céac chan ky thuat s6 c6 thé bat hodc tit. Khi BAT, chung &
trang thai dién ap CAO 1a 5V va khi TAT, chung & trang thai dién ap THAP 1a OV.

Trén Arduino, khi cac chan k¥ thuat s6 duoc cau hinh 1a daura , chung s€ duogc dat
6 muc 0 hoac 5 von.

Khi céc chan k¥ thuét sé duoc cAu hinh 12 dau vao, dién ap duoc cung cap tir mot
thiét bi bén ngoai. Dién 4p nay co thé thay doi trong khoang 0-5 von dugc chuyén doi
thanh biéu dién k¥ thuat s6 (0 hoac 1). B¢ xac dinh diéu nay, c6 2 ngudng:

- Dudi 0,8v - duoc coi 1a 0.
- Trén 2v - dugc coi la 1.

Khi két ndi mot thanh phan véi chan k§ thuat sd, hay dam bao rang cac muc logic
kh6p nhau. Néu dién 4p nam giita cac ngudng, gia tri tra vé s& khong xac dinh.
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* Hoat dong ciia xung PWM

Diéu ché do rong xung (PWM) 13 mot ki thuat diéu ché dugc st dung dé 'mé hoa
mot thong di€p thanh tin hiéu xung . PWM bao gom hai thanh phan chinh: tan sb va chu
ky nhiém vu . Tan sb PWM quyét dinh thoi gian can thlet dé hoan thanh mot chu ky
(chu ky) duy nhat va tdc d6 tin hiéu dao dong tir cao xudng thap. Chu ky nhiém vu xac
dinh thoi gian tin hiéu duy tri & mirc cao trong téng chu ky. Chu ky nhiém vu dugc biéu
thi theo phan tram.

Trong Arduino, cac chan ho trg PWM tao ra tan s6 khong (;Iéi ~ 500Hz, trong khi
chu ky nhi¢m vu thay doi theo cac thong s6 do nguoi dung thiét 1ap. Xem hinh minh
hoa sau:

—y

Period

0%

25%

100%

Hinh 4.16 Hoat dong cua xung PWM
Tin higu PWM duoc st dung dé diéu khién toc do dong co DC, 1am mo dén LED
va nhiéu muc dich khac.
PWM (Pulse Width Modulation - Diéu ché d6 rong xung) mé phong tin hiéu analog
bang céach tao song vudng c6 chu ky bat/tat thay doi.
Dung analogWrite(pin, value); v&i value tir 0 dén 255.

- 0 — Gidng nhu LOW (0V).

- 255 — Giong nhu HIGH (5V).

- 127 — Xung c6 50% thoi gian & mic HIGH, 50% & muc LOW (~2.5V trung
binh).

Tan s6 PWM mic dinh trén Arduino Uno R3:

- D3, D9, D10, D11: ~490 Hz.

- D5, D6: ~980 Hz.
b, Tin hi¢u Analog

Tin hiu tuong tu thay d6i theo thoi gian va thuong bi gioi han trong mot pham vi
(vidy: +12V dén -12V), nhung c¢6 vo s6 gia tri trong pham vi lién tuc d6. Tin hiéu tuong
tu §1"1: dung mot dac tinh nha}t dinh cua I{lf)i truong dé truyén tai thong tin cua tin hi¢u,
chang han nhu di¢n di chuyén qua ddy dan. Trong tin hi¢u di¢én, di€n &p, dong dién hoac
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tan sd cua tin hiéu co thé thay d6i dé biéu dién théng tin. Tin hiéu twong tu thuong 1a
phan tmg duoc tinh toan déi véi nhitng thay d6i vé anh sang, 4m thanh, nhiét do, vi tri,
ap suét hodc cac hién twong vat 1y khac. Khi duoc biéu dién trén do thi dién ap so véi
thoi gian, tin hi€u twong tu phai tao ra duong cong tron tru va lién tuc. Khong duoc cod
bat ky thay dbi gia tri roi rac nao (xem Hinh 1).

Amplitude
A

» Time

Hinh 4.17 Tin hi¢u Analog
* Cac chan Analog

Gom 6 chan (A0 dén A5). Hoat dong nhuw ADC (Analog-to-Digital Converter) dé
doc tin hiéu analog (0V - 5V). C6 thé dung lam chan digital binh thuong néu can.

Dung analogRead(pin); dé doc dién ap tir 0V - 5V. Tra vé gia tri tir 0 - 1023 (d6 phan
giai 10-bit).
- 0 tuong Gng véi OV.
- 1023 tuong Gng véi S5V.
- 512 tuong ting voi 2.5V.

* Hoat dong ciia tin hi¢u Analog

Arduino Uno khéng c6 DAC (Digital-to-Analog Converter), nén khong thé phat
tin hi€u analog thuc su.

Néu can phat tin hi¢u analog, phai dung PWM (cac chan D3, D5, D6, D9, D10,
DI11).

¢, Chuyén doi tinh hiéu Analog qua Digital (ADC)

Hinh 4.18 cho th'éiy hoat dong ctia ADC. DPAu vao 1a tin hiéu tuong tu, duoc xu ly
thong qua mach gitr mau (S/H) dé tao ra biéu dién k¥ thuat sb gan ding cua tin hiéu.
Bién dd khong con cé gia tri vo han nita va da duoc "lugng tr hda" thanh céc gia tri roi
rac, tuy thudc vao do phan giai cia ADC. ADC c6 dd phan giai cao hon s€ ¢6 kich thudc
bude nho hon va sé& biéu dién chinh x4c hon tin hiéu tuong tu dau vao. Giai doan cudi
cung cua ADC ma hoa tin hi¢u da s6 hoa thanh luéng bit nhi phan biéu dién bién d6 cua
tin hi¢u tuong tu. DPau ra k¥ thuat sb hién c6 thé duoc xur 1y trong mién k¥ thuat $6.
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Input Analog Signal

Uit

Output Digital

Signal

S/H

circuit | c U/t

Quantizing and
Encoding

—O D

nd

O D,

—C D

L)

W

d, Chuyén d6i tinh hi¢u Digital qua Analog (DAC)

Hinh 4.18 Kién triic ADC cho chuyén ddi tin hiéu tuong tu sang tin hi¢u sb

DAC cung cap hoat dong nguoc lai. Pau vao DAC 13 ludng dit liéu nhi phan tir hé

thng con k¥ thuat s6 va dau ra 13 gia tri roi rac, dugc xap xi nhu tin hiéu twong tu. Khi
do phan giai cia DAC ting 1€n, tin hi¢u dau ra s& xap xi hon vi tin hiéu tuong tu thuc
su muot ma va lién tuc (xem Hinh 7). Thuong c6 mot bod loc sau trong chudi tin hidu
tuong tu dé 1am min hon nita dang song. Nhu da dé cap trudc do, nhiéu hé théng duoc
st dung ngdy nay 13 "tin hiéu hon hop", nghia 1a chung dwa vao ca hé théng con twong
tur va k¥ thuat s6. Céc giai phap ndy yéu cdu ADC va DAC dé chuyén doi thong tin gitta
hai mién.

Time
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Hinh 4.19 DAC 6-Bit dé chuyén ddi tin hiéu sd sang tin hi¢u tuong tu

4.2 Thiét ké hé thong do duwong

4.2.1. Pé xuit phwong dn hé théng do dwong
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Phwong an

Hinh anh

U'u diém

Nhuge diém

Line Scan
Camera

- Dat d§ phan giai cuc
cao vi nd quét tung
dong mdt va ghép lai
thanh anh hoan chinh,
c6 thé nhan biét cac line
phtrc tap.

- Hoat dong tdt trong
nhiéu diéu kién 4nh
sang khac nhau.

- C6 thé theo ddi nhiéu
vach line, hd trg diéu
hudng linh hoat hon.

- Thot gian dap g, giai
thuat diéu khién phtc
tap, tuy thudc nhiéu vao
phan cung ciia MCU.

- Chi phi cao.

- Chudi dir liéu lién tuc,
doi hoi vi xur ly manh.

- Néu camera bi bam bui
hodc rung lac, c¢6 thé anh
huong dén kha nang
nhan dién dudng line.

Cam bién
hong ngoai

- Thoi gian dat gia tri
xéac 1ap ngan 15 ns, dé
dang thiét ké mach cam
bién.

- Téc do nhan dién line
gan nhu tirc thi, pht hop
véi robot do line toc do
cao.

- Tiéu thu it dién nang.
- Gia thanh ré.

- Thoi gian dap tung,
giai thuat diéu khién
don gian.

- D& bi anh hudng nhiéu
anh sang bdi moi trudong.
- Khong linh hoat véi
nhiéu vach line cung luc.
- Phu thudc vao dé phan
Xa cua bé mat.

- Khoéng nhan dién
dudng cong phirc tap tot.

bé phu hop do tuong ximg gitra nhiéu hé thong trén xe nhu gia thanh ré, giai
thuat diéu khién don gian, toc d6 nhan dién duong line nhanh.

= Luya chon phuong 4n 2: Cam bién hong ngoai

4.2.2. Pé xudt lwa chon logi cdm bién hong ngoai

a, Phwrong 4n 1: Poc tin hiéu Digital biang thanh cim bién BFD-1000:
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Hinh 4.20 Thanh cam bién do line hdng ngoai BFD-1000

Ban dau, tac gia quyét dinh sir dung thanh cam bién do dudng BFD-1000 nhu (hinh
4.1) va thyc hién doc tin hiéu digital. Trén thanh cam bién c6 5 cam bién hong ngoai
hudng xuéng dit nhim phat hién line, mdt cam bién héng ngoai dat phia trude va di
cung vo1 no la mdt cong tdc hanh trinh bao hiéu da dung vat. Tin hi¢u ngo ra dang $6.
Thanh cam bién do line hong ngoai BFD-1000 c6 cac thong sb ky thuat nhu (bang 4.2).

Bang 4.2 Thong s6 k¥ thuat cta thanh cam bién do line hong ngoai BFD-1000

Théng s6 Giatn
Dién ap hoat dong 33~5V
Khoang cach phat hién 0.5 ~40mm
Ngo ra Tin hiéu sd, 7 chan tin hiéu , 2 chan cfip nguén
S6 LED 5
Kich thuéc 128 x 45 x 12mm

Nhung trong khi thuc nghiém, tac gia gip cac van dé sau:

- Khoang céch giita 2 cdm bién khong phu hop.
- Phai dat thanl} cam bién s@t duong line dé€ doc tin hi€u hi¢u qua.
- Tin hiu truyén vé khong 6n dinh.

Vi vay, em quyét dinh thuc hién chuyén sang phwong an 2.
b, Phwong 4n 2: Poc tin hiéu Analog bing cam bién TCRC 5000.
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Power LED
Sensitivity Adjustment
vcc
Reflective GND
Sensor Do
AO

Output LED
Hinh 4.21 Cam bién hong ngoai TCRT 5000
Bang 4.3 Thong s6 k¥ thuat cia cam bién TCR 5000

Thong s6 Gia tri

Kich thuéc LxWxH (mm) 10,2x5,8x7 (mm)
Dong Ic 100 mA

Dong Ir 60 mA

Khoang cach hoat dong tot nhat 2,5 mm

Pham vi hoat dong 0,2— 15 mm

Goc phat 16°

Goc thu 30°

4.2.3. Tong quan vé cam bién hong ngoai

Cam bién hong ngoai (hay con goi 1a IR Sensor), chung la mot thiét bi dién tu co
kha ning phat hién btrc xa hong ngoai trong moi truong xung quanh. Thyc té, tén tleng
anh ctia cam bién hong ngoai 14 Passive Infrared, viét tat 1a PIR dich sat nghia 1a “hdng
ngoai thy dong”. Cam bién hong ngoai phét ra cic tia vo hinh véi mat nguoi, vi budce
song ctia n6 dai hon budc séng anh sang kha kién (tirc 1a 4nh sang co thé nhin thay
duogc). Bét ¢t thir gi phat ra nhi¢t (mo1 thur nhi¢t do nam trén 5 do Kelvin) déu phat ra
burc xa hong ngoai.

Héng ngoai hay con goi la tia héng ngoai la mgt buc xa dién tur. H6ng ngoai ttrc 1a
ngoai budc sdng d6. Mau do 1a mau cd bude song dai nhét trong anh sang thuong. Thong
thuong nhirng vat thé c6 nhiét do trén 35 d6 C s& phat ra budc song héng ngoai. Blrc xa
hdng ngoai dugc vo tinh phat hién ra boi mot nha thién van hoc tén 1a William Herschel
vao nam 1800. Trong khi d6 nhiét d6 cta tirng mau anh sang, 6ng nhan thdy rang nhiét
d6 vuot qua ngoai anh sang do 1a cao nhat. C6 hai loai cam bién hong ngoai 1a cam bién
dang chu dong va thu dong Cam bién hong ngoal hoat dong bang cach phat ra va phat
hién birc xa hong ngoai. Cam bién hong ngoai chu dong thuong cau tao ¢6 2 phan diode
phat sang (LED) va may thu. Khi mot vét thé dén gan cam bién, 4nh sang hong ngoai tir
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deén LED s€ phan xa khoi vat thé va dugc thiét bi thu phat hién. Cam bién hff)ng ngoai
hoat dong dong vai tro 1a cam bién tiém can va thuong duoc st dung trong cac hé théng
phat hién vat can, & dy la phat hién phoi trong mé dun dung phéi. Hong ngoai thy dong
c6 nghia 13 chi nhan céc tia hdng ngoai phat ra tir cac vt thé khac nhu ngudi, dong vt
hoic mot ngudn nhiét bat ki, chtr ty né khong phat ra tia hong ngoai nao ca. Sauk hi
nhan biét dugc ngudn nhiét, bd phan cam bién s& phan tich dé xac dinh diéu kién béao
dong.

-

B

Khong c6 vat can Cé vat can

Hinh 4.22 Nguyén 1i hoat dong ctia cam bién hdng ngoai

4.2.4. Co ché hoat dpng ciia cam bién

Hinh 4.23 Cac kiéu duong line

Ta co6 thé st dung duong line trang trén nén den hodc nguoc lai sao cho cam bién
¢ xe ¢6 thé nhan dién va chay theo.

Anh sang bi hap thu Anh sang bi phan xa

Ma i Mat thu IR , -
it phit IR ’ MitphatiR Mt thu IR

D D LIl )
G .

khing thu

i —® dirgrc tin hiéu \./ '
Bé mat toi Bé mit sang Bé mat tdi

Hinh 4.24 Co ché hoat dong ciia cam bién

Cém bién do line hay dugc biét dén chinh xac 1a cam bién hong ngoai huéng xudng
bé mit di chuyén. Ching giup phat hién bé mit phan xa hodc hip thy anh sang ¢ khoang
cach gan. Chung thuong c6 mat hong ngoai chuyén thu anh sing va mat chuyén phat
anh sang. Truong hop mat phat phat tin hiéu:

- Néu bé mat phan xa lai anh sang, tin hi¢u dé s€ dugc mét thu thu nhan — T d6
ta xac dinh duogc tin hiéu va dua ra vung sang xac dinh ( Nhirng bé mat, viung phan xa
gan nhu phan xa hét nhirng anh sang di qua no).
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- Néu bé mat khong phan xa lai anh sang, khong c6 tin hiéu vé mat thu — Tur d6
ta khong nhan duoc tin hiéu va xac dinh dugc ving t6i ( Nhirg bé mit, ving toi hip
thu gan nhu hét 4nh sang di qua no).

- Khoang lam viéc cua cam bién: < 0.5m

Nhu dé noi ¢ trén cam bién do line s& hoat dong theo nguyén 1y thu — phat anh
sang. Cac mat phat sé phat ra tia hdng 1ngoai co budc song hdng ngoai. Mt thu ¢ o bé mit
chtra ving sang s& hap thy 4nh sang hong ngoai d6. O trang thai binh thuong mat thu co
noi tré rt 16n (hang trim Kilo-Ohm). Khi thu nhan tia hdng ngoai vao ndi tré cua mét
thu giam (vai chuc Kilo-Ohm).

Vi thé nguoi ta goi 13 Robot do line do trong mdi trudng lam viée ludn cé nhiing
duong Line c6 tinh chat phan xa anh sang cao. Pay s¢€ 1a con duong di chuyén chu yéu
cua Robot.

4.2.5. Phwong phdp doc tin hiéu cim bién

Poc tin hiéu Digital: Tin hiéu dau ra cia cam bién van 1a analog nhung sau d6
thong qua mach lay ngudng hodc 1ay ngudng bang lap trinh dé cho ra 2 gia tri logic 0
va 1 g véi vi tri cdm bién trén duong line hodc ngoai duong line.

Pé diéu khién robot theo quy dao, ngudi thiét ké 1ap trinh xac dinh d6 1éch tuong
dbi gitra quy dao cta robot va quy dao mong mudn, sau d6 so sanh do 1éch d6 thanh cac
mirc va diéu khién 1ai robot quay vé quy dao. Sai s6 do line phy thudc vao kha ning
phan biét cac trang thai cua hé théng, hay khoang cach giira cac sensor, do d6 téc do xir
1y rat nhanh.

OO@OO 1
ON N NONOIEN
O00®0O
L N _NONONOIN.
O00ee " Line nim léch nhiéu bén phai

Line nam gitra

Line nam léch vé bén trai

Line nam léch vé bén phai

V. NN~ N7

Line nam léch nhiéu bén trai

Hinh 4.25 Tin hiéu doc vé digital

DPoc tin hi¢u analog: Poc theo dang analog tin hi¢u analog doc dugc tir cam bién
qua phép xap xi dé tim ra vi ctia xe so véi tim duong line. Cac giai thuat xap xi theo bac
2, theo trong sb cho sai s6 do line khac nhau. Thuat toan dugc mé ta nhu (hinh 1.23).
Thoi gian xtr Iy phu thudc vao thoi gian doc ADC tat ca cac sensor ctia vi diéu khién, do
d6 s& 1au hon phuong phap tht nhat, tuy nhién d6 chinh xac cao hon nhiéu.
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Estimated position

?nalog outputs
yl

Estimated error y2

i . ®\x,

e’ P ! : k.
X b ‘:K o X . X vy,
IR SN Poof P
X A x ¢ i % X
: : : : : : e o ol o o o
o » :1 x1.+2 e » X0 X x lxs xi x5 X
-3 =2 -1 0 1 2 3

%¥_Line to follow

(a)

(b)

Hinh 4.26 Thuat toan phat hién dudng thang thong qua a) ndi suy bac hai va b) trung

binh c6 trong so

Cac gia tri doc vé qua phép xap xi dé tim ra vi tri ciia duong line. Phuong phap

nay cho ra sai sb phat hién line nho, c6 thé t6i 2.6mm

Béng 4.4 Bang so sanh tin hiéu doc analog va digital

Doc tin hi¢u analog

DPoc tin hi¢u digital

Do chinh xac Cao

Thap

Thoi gian doc tin hiéu | Tdn nhiéu thoi gian

Tén it thoi gian

Giai thuat xur ly Phtrc tap

Pon gian

4.2.6. Thiét ké bé tri cam bién hong ngoai

Cam bién hong ngoai st dung cadm bién dnh sang nén c6 so do rat giong cdm bién
anh sang. Sy khac biét duy nhat 1a viéc bo sung LED hong ngoai va dau do hong ngoai

yéu cau két néi 5V va néi dat.
Khoang céch gitta cam bién va duong line:
- Goc chiéu cua Emitter: ¢ = 16°.

- Goc chiéu cua Detector: B = 30°.

- Khoéang céch gitra Emitter va Detector: d =3,8 mm.
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thr hat

3.5mm

— B

ﬁ

8.57 mm

mat duong

Hinh 4.27 Ving hoat dong cta 1 cip cam bién hong ngoai

Xac dinh do dai L :

L xtan(a )+ L xtan(f)=d

Nén:

B d
tana +tan g

=9,3mm

(4.1)

(4.2)

Do do6 khoang cach gitra cam bién vo1 mat duong dé xuat hién vung giao thoa

lazh+0,7mm >L =93mm — h>86mm

Tt thuc nghiém tién hanh kiém tra, khoang cach t8i wru voi san cho cam bién duge
chon: h =10 mm. (thé hién trong ban vé 2D)

Khoang cach gitra cac cam bién: Dé cac cam bién hoat dong tot, cung hoat dong
cua 2 cam bién phai tdch biét nhau, khong dugc chong 1én nhau. Véi khoang cach tu
cam bién va duong line h = 10 mm, ban kinh cua duong tron trén mat san dugc tinh toan

nhu sau:

Led phat: rpnae = (L1 +a) tan%

Led thu: Rmu= (1 +a) x

- Led phat: rpnac = (1 + a ) x tan8 = (10 + 0,7) X tan 8§ = 1,5 (mm).
- Led thu: R = (1 + a) x tan15 = (10 + 0,7) X tan 15 =2,87(m m ).

B

tan—
2

s |

&l

QOO

ol

O

O

D

—

Hinh 4.28 Khoang cach D giita hai cam bién

Sinh vién thyc hién: Pang Minh Hiéu

Hudng dan: TS. Hoang Théng

(4.3)

(4.3)
(4.4)

77



Nghién ciru, thiét ké mé hinh xe thong minh st dung cong nghé giao tiép V2V

Pham vi quét cua 2 cam bién lién ké dugc mo ta:

Hinh 4.29 Pham vi quét ctia 2 cam bién lién ké
Tu (H4.29), khoang cach 1; dugc xac dinh:
D =ryu + Ry = (1,5 +2,87) =4,37(m m). (4.5)
Khoang cach tdi thiéu D giita 2 cam bién dé khong bi nhidu: D > 4,37 (mm).
4.3. Thiét ké hé thong do khoang cach

4.3.1. Pé xudt phwong dn lwa chon cdm bién do khodng cdch

Phuong 4n | Hinh dnh Uu diém Nhuwoe diém

- Po khoang cach |- Cac vat li¢u hép thu
chinh xac tr 10mm | 4nh sang (mau den, bé
dén 1.8m voi sai s6 | mit mo) co thé lam giam
nhé (~2-3mm). do chinh xéc.

Cam bién
khoang
cach laser

- St dung cong nghé | - Cam bién chi c6 thé do
TOF nén thoi gian | chinh xdc trong mot
phan hoi rat nhanh | ving nho (~3°).
(~30ms). - Vi dung tia laser, bui
- Khong bi anh hudng | hoic swong co thé lam
nhiéu bdi anh sang mdi | nhiéu tin hiéu do, din
truong xung quanh. dén sai sb.

- Ho tro 12C va UART,
c6 thé dé dang két nbi
vo1 Arduino, ESP32,

STM32...
Cam bién - Khoang cach do rong | - Bi nhiéu trong méi
khoiang tu 2cm dén 4m. trrong c6 nhicu tiéng o6n
cacP siéu - Hoat dong 4n dinh | S1eU am.
am

trong nhiéu diéu kién | - Khong hoat dong tét
anh sang moi trudng. | trong moi trudng co gio
Sai s6 thip (~3mm) manh hodc thay d6i ap
suit khong khi dot ngot.

Sinh vién thyc hién: Dang Minh Hiéu ~ Huéng dan: TS. Hoang Thang 78



Nghién ciru, thiét k& mo hinh xe théng minh sir dung céng nghé giao tiép V2V

-Dé dang giao tiép voi | - Séng siéu am toa theo
vi diéu khién. hinh n6n (~15°), nén néu
co nhi€u vat thé trong

- Thuat toan diéu khién - (o o Bl o

don gian. vung quet, cam bien co
thé do sai.

- (Gia thanh ré.

- M&i 1an do mét khoang
60ms, 9hém hon so voi
cam bién laser (TOF).

Dé phu hop voi gia thanh re, do xa (4m), khong bi anh huong boi anh sang, c}é
dung vdéi vi dieu khién, thuat toan diéu khién dé dang nén chon phwong an 2: Cam bién
sieu am HC-SR04.

4.3.2. Tong quan vé séng am

Trong vt 1y, song 4m 13 nhitng dao dong duoc lan truyén trong moi truong vt
chat theo thoi gian. Cuy thé, trong qua trinh dao dong, cac phan tir thuéc moi truong bao
quanh s& duoc nhan mot phan niang luong tir ngudn gay ra dao dong va bat dau léch khoi
vi tri can bang; dudi tac dung cua lyc lién ket dan hoi gila cac phan tir, chiing s& quay
tré lai vi tri cAn bang ban dau nhung sau d6 tiép tuc chuyén dong theo quan tinh...

Noi cach khac, su dich chuyén cua moi phén tir 1am cho nhiing phan tr bén canh
léch khéi vi tri can bf?lng va thyc hién dao dong. Két qua cua hién tuong nay do 1a dao
dong dd duoc truyén lan tir ngudn phat dao dong cho dén cac phan tir & xa. Quad trinh
lan truyén song ciia song Am va song dién tir d6 12 hoan toan khac nhau: sy truyén song
am chi thyc hién dugc trong moi truong co xuat hién lyc lién két dan hdi hay néi cach
khac moéi truong lan truyén 12 moi trudng vat chat dan héi trong khi song dién tir c6 thé
truyén duoc trong chan khong. Cian ctr vao tan sd song am phat ra, song 4m dugc chia
lam ba loai nhu ha am, song am gay cam gidc am va si€u am. Song si€u am la song 4m
Vol tﬁn sé tir 16KHz tré 1én ndm ngoai kha nang nghe dugc cua tai nguoi. Gioi han trén
clia tan s6 song siéu am thuong la 5 MHz d6i voi chat khi va 500 MHz d6i voi chat long
hay chat ran. Trong thyc té, song siéu 4m duoc chia ra thanh séng siéu am tan so thap,
nang luong cao (20kHz-100kHz) va séng siéu 4m tan sd cao, nang luong thap (2MHz-
10MHz).

Siéu am la mot loai am thanh ma vuot qua khoi gioi han nghe cua tai nguoi. Thong
thuong tai nguoi co the nghe duoc tan sé trong gidi han 20.000 Hz trd xudng. Con siéu
am thi thuong cé tan sb tir 20.000Hz trd 1én.

Y khoa va Pha huy

Am tram Bgng vat va Héa hgc Kiém tra khing pha hly
20Hz 2DkHZl 2MHz l 200MHz
e o )
Ha am Am thanh

Hinh 4.30 Céc bién dang tan s6 ctia Am thanh
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Ngoai siéu am thi ta con c6 1 khai niém khac 1a ha am. Ha am 1a loai am thanh c6
tan so rat thap, chi vao khoang du¢i 20 Hz. Vay thi cadm bién siéu am chinh 1a 1 loai cam
bién hoat dong dua trén song si€u am. Ta co thé hi€éu don gian 1a vay.

4.3.3. Gidi thiéu cam bién siéu Gm HC-SR04

HC-SR04 1a cam bién siéu am chu yéu duoc sir dung dé xac dinh khoang cach cua
d6i tuong muc tiéu. N6 do khoang cach chinh xac bang cong nghé khong tiép xtc, tic
1a khong c6 tiép xtic vat 1y giita cam bién va vat thé.

Cam bién siéu Am HC-SR04 thuong dugc két hop véi cac bo arduino, PIC, AVR,...
dé chay mot $6 ung dung nhu : phat hién vat can trén xe robot, do khoang cach vat,...

B6 phat va bo thu 12 hai bd phan chinh ctia cam bién, bo phat chuyén dbi tin hiéu
dién thanh séng si€u am, con b thu chuyén d6i tin hiéu siéu &m d6 trd lai thanh tin hiéu
dién. Cac séng si€éu am nay la cac tin hi€u am thanh c6 thé dugc do va hién thi & dau
nhan.

N6 cung cép céc chi tiét do ludng chinh xac va di kém véi do phan giai khoang
3mm, ,cc') thé c6 su khac biét nho vé khoang cach tinh toan tir ddi tuong va khoang cach
thuec te.

Hinh 4.31 Cam bién siéu Am HC-SR04

Thong s6 k¥ thuat caa cam bién:
- Ngudn dién: +5V DC
- Dién ap lam viéc: S5VDC
- Dong dién lam viéc: 15mA
- Goc hiéu dung: <15°
- Khoang cach dao dong: 2cm - 400 cm
- DO phan gidi: 0.3 cm
- Do rong xung dau vao kich hoat: 10uS
- Kich thuéc: 45mm x 20mm x 15mm
- Trong luong xap xi: 10 g

4.3.4. Ciu tao va chirc ndang cdm bién siéu Gm HC-SR04
* Céu tao clia cam bién siéu am HC-SR04 gém 2 phan:
B phan phat song si€éu am
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- Phan phat (chén TRIG) cua cam bién siéu Am chira moét by dao dong dién,tao ra
song siéu am voi tan sb cao qua mot tam mang loc trudce khi tlep xuc voi moi truong.

B6 phan thu song siéu dm

- Khi song siéu am tuong tic dbi twong thi nd s& phan xa lai vé& phan thu. Séng
phan xa thu dugc va chuyén doéi thanh tin hi¢u dién

Transmitter for
Ultrasonic Waves

Vee (+5V) 4—]

+ GND(C d to OV or Ground)

Trig (Input Pin) < >

Hinh 4.32 Phat thu song trén cam bién siéu am HC-SR04
Tat ca cac chan ndy déu c6 chirc ning riéng biét.

- Chan VCC s& duogc dung dé ndi voi ngudn nudi cho cam bién, muirc dién ap toi
da theo nha san xuét 1a 5V.

- Chan GND la chan ndi dat, dung dé két ndi v6i nguodn dién.

- Chan TRIG chiu trach nhiém guri xung siéu am. DPé taora xung siéu am, chan nay
phai dugc dat & mic HIGH trong 10 us. HCSR04 khi d6 sé phat ra mot dot song am 8
chu ky & tAn s6 40 kHz. Sau khi xung dwoc gii di, chan ECHO sé& chuyén sang mtc
HIGH.

- Chan ECHO 14 chan dit liéu duoc sir dung dé do khoang cach. N6 s& duy tri &
mutc HIGH cho dén khi Xxung quay trd lai cam bién, va ngay tai thoi diém do, no sé
chuyén vé mirc LOW. Néu nhitng xung nay khong duoc phan xa trd lai, chan ECHO s&
chuyén sang trang thai LOW sau 38ms (38 mili gidy).

4.3.5. Nguyén Iy hoat dong cdm bién siéu Gm HC-SR04

) / \) /
o '
TRANSMI f riginal signal
Echo } {
Distance

Hinh 4.33 Nguyén 1y hoat dong ctia cam bién siéu 4&m HC-SR04
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Cam bién siéu &m HC-SR04 c6 bdn chan 1a chan Vee, chan kich hoat, chan Echo
va chan no6i dat. Cam bién nay dung dé€ do khoang cach chinh xac gitra muc ti€u va cam
bién. Cam bi€n nay chu yéu hoat dong trén song 4m thanh.

Khi ngudn dién duoc cung cap cho mo-dun nay, no s& tao ra séng 4m thanh truyén
trong khong khi dé dap vao vat thé can thiét. Nhitng séng nay tan cong va quay tré lai
tur vat thé, sau do thu thip bdi moé-dun may thu.

O day ca khoang cach ciing nhu thoi gian di di déu ty 16 thuin v6i nhau vi thoi
gian di cho quing dudng nhiéu hon 13 cao. Néu chan kich hoat duoc giit & mic cao trong
10 ps, thi song siéu am s& dugc tao ra va s& truyén di voi téc dd 4m thanh. Vi vay, no
tao ra tim chu ky bung nd am thanh s& dugc tap hop trong chan Echo. Cam bién siéu
am nay duoc giao tiép v6i Arduino dé do khoang cach can thiét gira cam bién va dbi
tugng. Khoang cach c6 thé duoc tinh bang cong thirc sau.

D0 rong cua xung nhan dugc duogc st dung dé tinh khoang céach tu vat thé phan
xa. Piéu ndy c6 thé duoc giai quyét bang cach str dung phuong trinh lién hé giita 3 bién
khoang cach-toc do-thoi gian don gian nhu sau:

Phuong trinh 1:

A

2
Trong d6 chit S’ 12 khoang cach bat budc
- v 1a tbc do Am thanh (343m/s)
- t 1a thoi gian can thiét dé€ song am quay tr¢ lai sau khi dap vao vat.
- Khodng céch bi chia 2 vi sébng dm phai di tr cdm bién dén vat va quay nguoc lai.
- Khoang cach thyc t€ c6 thé dugc tinh bang cach chia gia tri ctia n6 cho 2 vi thoi
gian s€ gap doi khi séng truyén di va nhan lai tir cdm bién.

S (4.6)

Cu thé, dé do khoang cach bang cam bién siéu 4&m HC-SR04, ta s& phat 1 xung rat
ngan (5 microSeconds) tir chan Trig. Tiép theo, 1 xung HIGH ¢ chan Echo s& dugc cam
bién tao ra va phat di cho dén khi nhan lai duoc song phan xa ¢ chan nay. Luc nay, do
rong ctia xung s& bang voi thoi gian song siéu am dugc phat tir cam bién va phan xa lai.

Trong khong khi, tbc d6 4am thanh dat mirc 340 m/s (hang sb), twong dwong véi
29,412 microSeconds/cm (106 / (340*100)).

Khi da tinh duoc thoi gian, ta sé chia cho 29,412 déra gia tri khoang céch.
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43mm

)
—

20men:

\ = n S J Practical test of performance

Best in 30 degree angle

Hinh 4.34 Kich thuéc va song cam bién siéu am HC-SR04

- HC-SR04 1a cam bién siéu am cha yéu duoc sir dung dé xac dinh khoang cach
ctia ddi tuong muc tiéu.

- N6 do khoang cach chinh xac bang céng nghé khong tiép xuc, tirc 1a khong co
tiép xuc vat 1y giita cam bién va vat thé.

- B0 phat va bo thu 1a hai bd phan chinh ctia cam bién, bd phat chuyén dbi tin hiéu
dién thanh song siéu am, con bo thu chuyén doi tin hidu siéu am d6 trd lai thanh tin higu
dién.

- Céc song siéu am nay 1a cac tin hiéu 4m thanh c6 thé duoc do va hién thi ¢ dau
nhan.

- N6 cung cip céc chi tiét do ludng chinh xac va di kém vai d6 phéan giai khoang
3mm, co thé c6 su khac biét nho vé khoang cach tinh toan tir d6i tuong va khoang cach
thuc té.

4.3.6. Cdc yéu to dén dén 16i va sai sé cho cam bién

Song 4m 1a nhirng dao dong dugc lan truyén trong mdi trudng vat chat theo thoi
gian, vi vay cac két qua cho ra bai cam bién s& bi anh hudng béi nhiing yéu td ngoai
quan. Yéu té dau tién 1a moi trudong. Nhiét do khong khi ¢ anh hudng 16n nhét dén do
chinh x4c do cta cam bién siéu 4m. Sau khi dd do duoc thoi gian truyén cua xung siéu
am phan xa, cam bién s& tinh toan khoang cach dén vat thé bﬁng cach su dung tbe do
clia Am thanh. Tuy nhién, khi nhiét 6 khong khi thay do6i. Két qua do ciing phu thudc
nhiéu vao d6i twong duoc thuc nghiém. Véi nhitng vat ¢ kich thudc bé mit nhoé hon
0.5m? hodc phan xa khong tot, cam bién s& cho ra két qua khong 6n dinh va chinh xéc.

Khi x4y ra van dé nhiét d6 cao thi lwong hoi nudc bay 1én bam vao dau phat séng
gy anh huéng dén két qua do; do chinh xac.
4.3.7. Thiét ké thuwe nghi¢m do khodng cdch trén cam bién

* Quy trinh thiét ké thyc nghiém:

Dé tra cic dic tinh ciia cam bién ta thuc hién 1an lugt nhiing thi nghi¢m cuy thé dé
kiém dinh va dua ra nhitng thong s6 ki thuat, nhitng yéu t6 anh huéng dén su hoat dong
binh thuodng ctia cam bién si€u am SRO4. GOm cac dic trung vé nhiét d6 moi truong,
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dic trung vat 1y ctia cam bién, tir 46 dwa ra cac sai s6 cta phép do, cac cach hiéu chinh
cam bién dé hudng dén két qua do gan gid tri chuan nhat. Quy trinh thiét ké va phan tich

thyc nghiém gom céac budc:

Buée 1: Chon lua ké hoach thuc nghi¢m.

Budc 2: Thuc hién thyc nghiém.

Bupc 3: Phan tich théng ké dit liéu thuc nghi¢m.
Kiém tra cac dac trung vat 1y cia cam bién HC-SR04:

* Xac dinh géc mé ciia cam bién siéu am:

Pau tién ta d€ cam bién trén mdt gid do va dat trén mot mat phang c6 chia géc nhu
trong hinh bén dudi. Sau do ta dua 1 vat co6 kich thude vira da di tir diém chinh gitra so
vO1 cam bién dan ra xa vé€ hai phia r6i thu lai két qua do vao bang.

Béang 4.5 Xéc dinh goc md cua cam bién

Goc 0° 5° 10° 15° 16° 20°

Gia tri do 11.96 12.07 12.38 12.99 13.40 14.28

duoc 11.96 12.10 12.04 13.12 13.8 2263.43
11.87 12.10 11.93 12.99 13.84 2263.33
12.04 11.83 12.38 13.09 14.69 251.09
11.97 12.07 12.38 13.19 14.01 16.05
12.00 12.14 11.70 12.75 13.94 15.88
11.73 12.21 11.93 12.72 14.69 17.20
12.10 11.97 12.04 13.09 14.69 354.18
12.00 12.14 12.04 12.58 13.84
11.97 12.14 12.38 12.55 13.84

Gia tri 11.963 12.077 12.12 12.907 14,074 522.703

trung

binh

Sai s0 0.037 0.077 0.12 0.907 2.074 510.703

tuyét dbi

trung

binh
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Két luan:

Hinh 4.35 Xac dinh géc m& cam bién

Ta thiy khi dit vét trong khoang 0° d&én 15° cam bién dua ra két qua do 6n dinh

vOi sai sO nho.

Tir 16° bit dau ¢ su chénh 1éch khoang cach dang ké va dic biét 1a khi vat ¢ 20°
thi cdm bién khong do chinh xac duogc nira.
Xac dinh khoang cach lam vi¢c t6i da va t61 thi€u cua cdm bién:

Béang 4.6 Kiém tra khoang cach lam vi¢c ciia cdm bién

lecm 2cm |[3cm |[4cm | 100cm | 200cm | 250cm | 300cm | 400cm | 410cm
Gia 22652 6.6 |3.21 |4.11 99.45 199.48 | 245.95 | 293.11 | 392.15 | 2248.0
trido |2265.2 {3.60 |3.21 |4.11 99.89 | 197.91 |245.24 | 293.86 | 392.32 |2247.9
duoc | 22652 428 |3.14 [4.08 |9891 |200.19 |245.34 |293.86 |393.17 | 404.90

2266.2 [ 4.59 [2.86 |4.08 |9891 197.67 | 245.34 | 293.4 |392.42 | 2248.9

2265.6 [ 3.09 {324 |4.05 |98.94 |198.93 |246.2 |294.2 |392.42 |403.64

2267.7 3.2 324 |3.76 100.1 197.95 | 245.27 | 294.06 | 391.91 | 403.15
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22654 [3.20 [ 3.21 |4.05 |9891 |198.05 |245.4 |293.59 |392.87 |2248.7
2265.7 [3.20 [ 3.24 |3.64 |100.16 | 199.41 | 245.68 | 293.55 | 392.80 | 2248.6
2266.8 [3.09 | 3.54 |4.05 [99.89 |197.91 |245.48 |294.10 | 394.06 | 2250.5
2266.1 [3.60 [2.60 |4.05 |99.01 |199.88 |245.89 |294.40 | 391.95 |2249.6
2265.8 [3.60 {294 |4.05 |98.94 |198.42 |245.41 |293.93 |393.65 |2250.6
2266.8 | 3.13 |2.84 [3.94 [99.42 |199.03 | 24595 |294.37 | 393.72 | 2251.2
22659 [343 |3.64 |3.64 |99.86 |198.08 |245.44 |293.4 |394.12 | 2250.2
2266.3 296 [3.20 |3.94 |99.76 |198.46 |245.51 |293.52 |392.91 | 2249.1
2267.4 | 3.13 |3.33 |3.76 |98.94 |199.88 |246.43 | 293.86 |392.42 | 2249.2

Gia 2266.0 | 3.65 | 3.16 |3.954 |99.406 | 198.75 | 245.64 | 293.81 | 392.86 | 1880.2

tri

trung

binh

Sai s6 | 2265 1.65 | 0.16 |0.046 | 0.594 |1.25 4365 |6.19 7.14 1470.2

tuyét

doi

trung

binh

Két luén:

Sinh vién thyc hién: Pang Minh Hiéu

Dua vio dit liéu bang trén ta co thé thay:
- Trong khoang tir (0; 2cm) va 400 cm trd 1én thi cam bién dua ra két qua do sai.

- Tr 3cm dén 200cm, cam bién dwa ra két qua twong ddi chinh xac véi sai s6 nho.
- Tr 200cm dén 400cm, cam bién dua ra két qua véi sai s6 kha 16n.

Hudng dan: TS. Hoang Théng
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Hinh 4.36 Hinh anh do vat & khoang cach 4cm
Xac dinh Vl‘mg mu ctia cam bién siéu am:

Cam bién siéu 4am HC-SR04 13 mot cam bién khoang cach st dung song siéu am
dé do khoang cach tur cam bién dén vat thé. Tuy nhién, nhu moi cam bién, no cling co
mot s6 han ché, trong do c6 khai niém vung mu hay dugc goi 1a “dead zone”.

Ving mu ciia cam bién siéu am HC-SR04 1a khoang khong gian gin cam bién ma
n6 khong thé do dugc ding khoang cach. Diéu nay xay ra do thoi gian ma song siéu 4m
mat dé di va tro lai tir vat thé. Cam bién HC-SR04 sir dung nguyén ly do khoang cach
bang cach giri mot tin hidu siéu 4m va theo ddi thoi gian ma séng siéu 4m mat dé quay
trd lai. Tuy nhién, trong thoi gian nay, cam bién khong thé nhan biét dugc nhimng song
siéu Am phan xa tir vt thé ndm trong ving mu.

Két luan:

Duya vao s liéu bang 2 thi ta ¢ thé thiy ving mu cia cam bién HC-SR04 chinh
1a & khoang cach rat gin cam bién (dudi 2 cm) va ¢ khoang cach xa (trén 4 met). Trong
khoang cach nay, cam bién khong thé do khoang cach chinh xac va cé thé cho két qua
khong chinh xac

Pé tranh viing mu ciia cam bién HC-SR04, ban c6 thé xem xét sir dung céc phuong
phap nhu loc dit liéu dau ra, dit ngudng khoang cach hop 1y hodc sir dung cac cam bién
khac dé bo sung thong tin,

* Kiém tra sw hdi tu ciia phép do khi & cing mdt khoang cach:

Nhu ta duoc biét, may moc ciing gidng nhu con ngudi va ciing c¢6 khoang thoi
gian khoi dong khi méi bt ngudn, thoi gian ma ning suat 1am viéc kém hiéu qua. Trong
mot hé thdng may moc khi bat dau van hanh khoang thoi gian khong hiéu qua d6 nguoi
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ta goi 1a khoang thoi gian khong 6n dinh, miy moc s& hoat déng v6i nhitng sai sb rat

16n dat do chinh xac khong cao. Tuy nhién, hau hét cac hé thdng sau mot khoang thoi

gian nhat dinh thi cac sai s s& giam dan va dat do 6n dinh nhét dinh khi dén ngudng

thoi gian d6. Thoi gian d6 goi 13 thoi gian dé hé thong hoat dong 6n dinh. Vay thoi gian

on dinh d6 duogc xac dinh nhu thé nao. Trong toan hoc c6 mdt khai ni€ém vé d6 léch

chuan va né 13 mot dai luong thong ké dung dé do muc do phan tan ctia mét tap dit lidu.
Do 1éch chuén cua mot tap dir liéu tinh theo cong thirc:

S /% 4.7)

S: B léch chuan cua mau

Trong do:

X: Trung binh ctia miu
X;: Thanh phan thtr i cia miu
n: Tong s6 thanh phan cia mau

Dé minh hoa cho diéu d6, dudi day 1a bang dit liéu (150 gié trj) vé khoang cach 10
cm khi do cung mot di€u kién:

Bang 4.7 Dit liéu vé do khoang cach 10cm

9.83 9.83 9.93 10.27 10.37 9.83 9.83 9.83
9.83 10.27 9.83 10.27 9.93 9.93 9.93 9.83
9.93 9.79 9.86 10.27 9.83 9.86 9.93 9.93
9.93 9.89 9.83 10.37 9.83 9.83 9.83 9.93
9.83 9.93 9.93 10.37 9.93 9.83 9.83 9.83
9.83 9.83 10.37 10.27 9.93 9.93 9.86 9.83
9.93 9.83 9.86 10.27 9.83 9.93 9.93 9.93
9.93 9.93 9.86 10.27 9.83 9.83 9.83 9.93
9.79 9.93 10.37 10.27 9.93 9.83 9.83 9.83
9.83 10.27 10.37 10.37 9.93 9.89 9.83 9.76
9.93 9.86 9.96 10.37 9.83 9.93 9.93
9.93 9.86 9.86 10.27 9.83 9.83 9.83
9.83 9.96 10.27 10.27 9.83 9.83 9.83
9.83 9.79 10.37 10.27 9.93 9.93 9.83
9.83 9.79 9.96 10.37 9.79 9.93 9.93
9.93 9.79 9.86 9.96 9.83 9.83 9.93
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9.83 9.93 9.86 10.27 9.79 9.83 9.93
9.83 9.83 9.86 10.27 9.93 9.93 9.83
9.83 9.83 9.96 10.27 9.83 9.93 9.83
9.93 9.83 10.27 10.27 9.83 9.83 9.93

Dt li¢u bang trén, dugc em thé hién qua biéu d6 bén dudi, dé€ co cai nhin khai quat
nhat vé dir liéu.

Hinh 4.37 Biéu db biéu dién sy thay d6i ctia d6 1éch chuan
Ta c6 thé théiy dugc, khoang 70 gia tri dau, do 1éch chuén cua dit liéu co su thay
doi 1o rét, do cling chinh la khoang thoi gian 1am viéc khong 6n dinh cua cam bién. Sau
do, cam bién chuyén sang giai doan 2. Luc nay céc gia tri cua dJ léch chudn c6 nhiing
su giao dong nhe va gan nhu di thang. Vi sai s0 gitta cac 1an do thu dugc 1a rat nhé. Do
chinh 1a tho1 diém 6n dinh can tim.
* Xac dinh sai s6 ciia cam bién:

Bang 4.8 Dit liéu xéc dinh sai s6

S6 lan do 5 10 15 20 25 30
Céc gia 14.55 14.75 14.79 15.10 14.93 14.95
tri do 14.93 14.93 15.03 15.03 14.89 14.95
14.93 14.93 15.03 15.03 14.99 14.99
14.52 14.62 15.06 15.03 15.03 14.99
15.03 15.03 14.99 15.03 14.99 14.96
14.62 15.03 15.03 15.03 15.05
15.03 15.03 15.03 14.79 14.93
15.03 14.99 14.62 15.44 15.03
14.72 15.03 14.79 15.03 14.99
14.72 15.04 15.03 15.03 14.93
15.03 15.03 14.99 14.93
14.59 15.03 15.03 14.93
14.35 15.03 15.44 14.96
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14.65 15.03 14.99 14.93
15.13 14.62 15.03 15.05
15.03 14.89 15.10
15.03 14.89 14.93
14.76 14.89 14.93
14.99 14.69 14.96
15.03 14.93 14.93
14.93 14.93
14.89 15.01
14.89 14.93
14.89 14.95
14.93 14.89
14.93
15.93
15.05
15.03
15.03
Trung 14.792 14.838 14.918 14.965 14.9667 14.97
binh
Sai s0 0.208 0.162 0.082 0.035 0.0332 0.03
trung
binh
Do léch
chuan 0.2384 0.1694 0.2210 0.1430 0.1614 0.1823

Két luan:

Tir bang trén ta c6 thé thay do 1éch chudn cta phép do: nho nhét khi s6 1an do 1a
nhi€u nhat, va c6 xu hudng tang khi s6 lan do gidm. Do tin cdy cua phép do 30 lan
khoang cach 15cm cling 16n hon.

4.4 Thiét ké hé théng giao tiép

4.4.1. Phwong dn lwa chon hé thong giao tiép

Tiéu chi

Lora (Long Range)

Xbee (Zigbee)

hoa

Hinh 4nh minh

Dai tan

433 MHz, 868 MHz, 915 Mhz
(tuy khu vuc)

2.4 GHz hodc 900 MHz (tuy

phién ban)

Pham vi truyén

Lén dén 3 — 4 km (mdi trudong
1y tudng)

30-100m (trong nha), tdi da 1 -2
km (phién ban tan so6 thap)

Sinh vién thyc hién: Pang Minh Hiéu
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Téc @) truyén Thap (Khoang vai Kbps) Cao hon (vai chuc dén vai trim
dir liéu Kbps)
Tiéu thy niing | Rat thap (pht hop v6iloT, cam | Trung  binh (thdp hon WiFi
lwgng bién xa) nhung cao hon Lora)
Kiéu mang Point-to-Point, Star Mesh, Point-to-Point, Star

[oT, gidm sat tur xa, cam bién | Nha thong minh, ty dong hoa
nong nghi€p, do luong thong | cong nghiép, truyén dit li¢u cam
minh bién tam gan

['I’ng dung
chinh

Khong (chi yéu 1a mang Star | C6 (hd tro mesh networking)

HG tro giao tiép hodc P2P)

Chi phi phan | Thuong ré hon XBee Cao hon, nhat 1a module Zigbee
cung Pro

XBee 14 lya chon phu hop dé giao tiép gitia hai xe vi né ¢6 toc do truyén dir licu
cao hon LoRa, gitip dam bao tin hiéu dugc guri gan nhu theo thoi gian thuc, phu hop voi
cac ung dung can phan héi nhanh nhu diéu khién xe hodc trao doi thong tin vi tri. Ngoai
ra, XBee c6 d0 tré thap va hd tro ca ché do Point-to-Point (P2P) 1an mang Mesh, gitp
linh hoat hon néu mudn mo rong hé théng sau ndy. V&i pham vi hoat dong tir 30-100m
(hodc 1én dén 1-2km v&i phién ban tan sé thap), XBee dap tng tot nhu cau giao tiép gitra
hai xe trong moi truong do6 thi hodc khu vuc mé. Hon nira, viée thiét lap va cu hinh
XBee kha don gian, co thé giao tiép qua UART (Serial) voi ché do AT Command hodc
API Mode. Trong khi d6, LoRa c6 thé truyén xa hon (trén 10 km) nhung toc d6 cham,
d6 tré cao va chi phu hop cho cac tng dung can gui dit liéu khong thudng xuyén, chang
han nhu theo ddi vi tri theo khoang thoi gian dai. Vi vay, néu can mét giai phap nhanh,
6n dinh va d& trién khai trong pham vi gan hodc trung binh, XBee la lya chon tbi vu.

How €0 pae Gbe
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Hinh 4.38 L5i khong tim thiy XBee

Mic du XBee 1a lya chon phu hop cho giao tiép giira hai xe nho téc do cao va do
tré thap, nhung trong qua trinh thuc hién, em gap kho khan khi phan mém XCTU khong
tim thay dugc XBee va khong thé thiét lap cac thong s6 giao tiép phu hop. Do d6, em
quyét dinh chuyén sang sir dung LoRa dé tiét kiém chi phi va tdn dung pham vi hoat
dong xa hon, giup dam bao két ndi on dinh ngay ca khi khoang cach gitta hai xe 16n.

4.4.2. Hinh thirc giao tiép Lora
a, Téng quan

LoRa 13 viét tit cua Long Range Radio 1a mot cong nghé truyén thong dir liéu
khong day str dung k¥ thuat di€u ché vo tuyén co6 thé dugc tao ra boi céc chip thu phat
Semtech LoRa.

High Cellular
o Mission critical Outdoor use case
Wi-Fi HigherPower
BLE
: Video/Voice
Bandwidth ConsumerioT
Sensors, Actuatorsand Tags
Lowest Power and Lowest Cost
Low
Short Range Long

Hinh 4.39 Téng quan cu tric mang

K§ thuat diéu ché nay cho phép giao tiép tim xa voi mot luong nhoé dir lidu (co
nghia 14 bang thong thap), kha ning chong nhiéu cao, dong thoi giam thiéu mure tiéu thy
dién nang. Vi vy, n6 cho phép giao tiép dudng dai véi cac yéu cau cong suat thap Piéu
nay phu hop voi cac thiét bi IoT (internet of things) voi dung lugng pin han ché. Mbi
gateway LoRa co thé xtr Iy hang triéu node. Dleu do, cong voi thue té 14 cac tin hiéu co
thé kéo dai khoang cach dang ké, co nghia 14 can it co s& ha ting mang hon, do d6 1am
cho viéc xay dung mang LoRa ré hon. Cac mang LoRa c6 thé dugc dit cung véi cac
thiét bi lién lac khac, nhu cac thap dién thoai di dong, 1am giam dang ké cac han ché xay
dung.

Nhu vay, dac diém ndi bat nhat ciia LoRa d6 1a kha nang truyén nhan dir liu &
khoang cach rat xa (c6 thé 1én dén 10km tiy thiét ké anten va vét can) va tiét kiém pin.
Day la nhiing dic diém ma két ndi Wifi hay 3G/4G khong c6 va gia thanh clia cac chipset
Lora cting kha ré.

Su phat trién cua Internet of Things bi gid1 han boi dung luong cua mang, boi kha
ning hoat dong cua thiét bi ma khong can thay pin va boi kha ning mi héa truyén dan
bi mat. Céc tinh nang duoc tich hgp trong LoRa cung cap tat ca cac kha ning niy va s&
cho phép su phat trién rong rdi cua IoT.

Vi cong nghé Lora , chiing ta c6 thé truyén dit liéu véi khoang cach 1én hang km
ma khong can cac mach khuéch dai cong suit; tir d6 gitip tiét kiém nang luong tiéu thu
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khi truyén/nhan dir liéu. Do d6, LoRa c6 thé duoc 4p dung rong rii trong cic tmg dung
thu thap dit liéu nhu sensor network trong d6 cac sensor node c6 thé giri gia tri do dac
vé trung tdm cach xa hang km va c6 thé hoat dong véi battery trong thoi gian dai trudc
khi can thay pin.

NNNNANNNNNNNNNY, 777

Hinh 4.40 Ung dyung cong nghé LoRa
b, Nguyén ly hoat dong ciia LoRa

LoRa sir dung k¥ thuat diéu ché goi 1a Chirp Spread Spectrum. Co thé hiéu ném
na nguyén ly nay la dir liéu s€ dugc bam bang cc xung cao tan dé tao ra tin hiéu co day
tan sd cao hon tan s6 cua dir liéu gbc (cai nay goti la chipped); sau do tin hiéu cao tan
nay tiép tuc dugc ma hoa theo cac chudi chirp signal (14 céc tin hiéu hinh sin ¢6 tan sb
thay d6i theo thoi gian; c6 2 loai chirp signal 13 up-chirp c6 tan sd ting theo thoi gian va
down-chirp c6 tan sd giam theo thoi gian; va viéc ma hod theo nguyén tic bit 1 s& sir
dung up-chirp, va bit 0 s& sir dung down-chirp) trude khi truyén ra anten dé gui di.

Theo Semtech cong bb thi nguyén ly nay giup giam d6 phurc tap va d6 chinh xac
can thiét ciia mach nhén de co thé gidi ma va diéu ché lai dir liéu; hon nita LoRa khong
can cong suat phat 1én ma van c6 thé truyén xa vi tin hiéu Lora ¢ thé dugc nhan &
khoang cach xa ngay ca d6 manh tin hiéu thip hon ca nhidu méi truong xung quanh.
Nho st dung chirp signal ma céc tin hiéu LoRa v&i cac chirp rate khac nhau c6 thé hoat
dong trong cung 1 khu vyc ma khong gay nhiéu cho nhau. Piéu | nay cho phép nhiéu thiét
bi LoRa c6 thé trao d01 dir liéu trén nhiéu kénh dong thoi (m01 kénh cho 1 chirprate).
LoRa sir dung tan sb khong can gidy phép co sin trén toan thé gidi, Bang tan lam viéc
ctia LoRa tir 430 MHz dén 915 MHz cho tirng khu vuc khac nhau trén thé gidi:

- EU 1a 863 MHz — 870 MHz
- US 14 902 MHz — 928 MHz
-AS 1a 920 MHz - 923 MHz
¢, Ung dung LoRa trong diéu khién xe théng minh
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* HE théng diéu khién xe doan tu dong

Trong md hinh xe doan, mot xe dan dau (leader) c6 nhiém vu xéac dinh duong di
va truyén thong tin diéu huéng dén cic xe phia sau. LoRa gitp dam bao dit liéu duoc
truyén di mot cach 6n dinh ma khéng bi gian doan, ngay ca khi khoang cach giita cac
xe 12 vai km. Cam bién khoang cach siéu 4m hodc radar c6 thé két hop v6i LoRa dé diéu
chinh tdc do cua ting xe, dam bao khoang cach an toan.

* Heé thong dinh vi va giam sat tir xa

LoRa c6 thé duoc sir dung dé truyén dit liéu vi tri GPS tur xe vé trung tam diéu
khién, giup giam sat tinh trang hoat dong cua xe theo thoi gian thuc. Pi€u nay dac biét
hiru ich trong céc ting dung xe thong minh nhu:

- Xe bus thong minh.
- Xe dién cong cong.
- Hé théng van chuyén hang hoa tu dong.
* Piéu khién va gidm sat cam bién trong xe
Xe thong minh sir dung nhiéu cam bién nhu:
- Cam bién do toc do.
- Cam bién khoang cach.
- Cam bién phat hién chudéng ngai vat.

Céc cam bién nay c6 thé gui dir lidu vé bo diéu khién trung tdm thong qua LoRa,
gitp xe tu dong di€u chinh toc d, hudng di chuyén va dua ra cac quyét dinh an toan.

d, Loi ich, han ché va thach thirc ciia LoRa trong hé thong diéu khién xe thong
minh

- Tiét kiém ning luong: Do dic diém tiéu thu nang luong thap, LoRa phu hop cho
cac hé théng xe tu hanh hodc xe ToT can hoat dong lau dai.

- Pham vi phu séng rong: C6 thé hoat dong hiéu quéa ngay ca trong khu vuc d6 thi
dong dac hodc vung ndong thon xa x0i.

- Chi phi thip: So véi cac cong nghé truyén thong khac nhu 4G/5G, LoRa c6 chi
phi dau tu va van hanh ré hon.

- Tinh 6n dinh cao: C6 kha ning chéng nhiéu tdt, hoat dong hiéu qua trong nhiéu
diéu kién moi truong khac nhau.

Maic du c6 nhié€u loi ich, nhung LoRa cling c6 mdt s6 han ché nhu:

- Bang thong thap: Khong phu hop cho cac ing dung yéu cau truyén dir liéu toc
do cao nhu video streaming.

- D6 tré cao: Khéng thich hop cho cac img dung diéu khién thoi gian thuc yéu cau
phén hoi tire thi.

- Phu thudc vao méi trudng: Khoang cach truyén co thé bi anh hudng boi dia hinh
va vat can.
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4.4.3. Ciu tao va ché d¢ van hanh ciia module LoRa

a, Cau tao ciia module LoRa

. MIN MAX
..1‘.3.1.1.| IEI A 18.0 18.1
i B 33.4 33.5
0O In C 5.14 5.16
C I J

<o O |+ D 2.54 2.54
Ii ©]0) e = E 1.44 1.46
A — | [L~ F 2.54 2.54
1940, =y -~ G 2.59 2.61

@@ O K | M » - X
H 1.72 1.74
. O 1 J 2.54 2.54
K 9.60 9.60
L 6.20 6.20
. i < M 9.00 9.05
\,[ — T - '—m [Q N 11.2 113
R P i P 3.80 3.90
Q 12.8 12.9

Hinh 4.41 CAu tao LoRa

4.4.4. Quy trinh cdu hinh module LoRa
a, CAu tao mach giao tiép AS15-USB-T2

Hinh 4.42 Mach Giao Tiép USB UART Lora SX1278 EBYTE E15-USB-T2

Mach chuyén giao tiép USB UART Lora SX1278 EBYTE E15-USB-T2 dugc str
dung voi Mach thu phat RF UART Lora SX1278 dé c6 thé giao tiép giita mach va may
tinh qua cong USB, gitp ciu hinh véi Software hodc truyén nhan dit liéu truc tiép véi
may tinh dé dang.

Thiét ké nho gon bao gdm IC chuyén USB UART CH340X c6 kha ning nhan
Driver trén hau hét cac hé diéu hanh, mach duoc thiét ké thém Jumper M0, M1 dé thiép
1ap céc ché d6 truyén nhan, cdu hinh cho Mach thu phat RF UART Lora SX1278, mach
con c¢6 Led hién thi trang thi truyén nhan.

b, Ché d6 van hanh
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Mode2

Hinh 4.43 Ché do van hanh
Bang 4.9 Chi tiét vé ché do van hanh

Tén fhé M1 | Mo | MOt Ghi cha
do
Mode 0 Cong nbi tiép ma, kénh truyén khong | Bo nhan phai lam
0 0 | day mé. Cho phép truyén thong. viéc & mode 0
(normal) hoic mode 1
Cong nbi tiép mo, kénh truyén thong B§ nhén phai lam
khong day mé. Diéu khéc biét duy nhét | viéc & mode 0,1
Mode 1 » . N 9
(wake-up) 0 1 VE)‘I mode 0 laAo mode 1, dir liu tu hoac 2.
dong dugc thém wake-up code. Cho
phép danh thie bo nhan & ché do 2.
Cong nbi tiép dong, kénh truyén 1am B truyén nén
Mode 2 viéc & ché do wake-up. Va cong ndi hoat dong &
(power- 1 0 | tiép s& md khi nhan duoc tin hidu tir mode 1. Khong
saving) kénh truyén thong khong day. thé truyén & ché
do nay.
Mode 3 Ché do ngi, c6 thé thiét 1ap cac thong
(sleep- 1 1 | s6 cho module
mode)

¢, Phan mém cau hinh LoRa

Budc 1: Két noi
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SN: 18083102405 Mads in China
Manufacturer: ESYTE
FCC ID: 2ALPH-EX2

Két néi module AS15-USB-T2 véi cong USB may tinh
Budc 2: Thyuc hién cai dat thong sb6 cho module E32-TTL-1W.
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B3
NG
@ pEMZIERRTFREARAR
EBYTE cChengduEbyte Electronic Technology Co.Ltd. =
1 2
ID: E32 coOMé v -W Models
Version: 5.2 = L
Freq Now: 433.0MHz = ;3 E 5 P
Param Now: 0x0, 0x0, Ox1a, 0x17, 0x44 et IR G, bt
9600bps Enable Address 0
ent gy Fixed mode Dissble | Channe
2.4Kbps f 250ms
20d8m PushPull
Copyright@ Chengdu EByte Electronic Technology Co.Ltd WebSite: www.ebyte.com

Hinh 4.44 Phan mém RF_Setting V3.35
« B1: Chon cong Com
« B2: OpenPort dé mé cong giao tiép
« B3: GetPram dé doc dix liéu cua module
« B4: Tuy chinh céc gia tri phu hop

« BS: SetParam d¢é luu gié tri cai dat vao module

)
EBYTE chengduEbyte Electronic Technology Co.,Ltd.
ID: E32 COM3
Version: 4.3

Freq Now: 433.0MHz
Param Now: 0x0, 0x0, Ox1a, 0x17, Ox44

REZERRFREERAT

English

| ClosePort | | Models

} SetParam ‘ ' Preset

UartRate | 9600bps FEC Enable Address E
Parity 8N1 v Fixed mode Disable « Channel 23

AirRate Z4Kbps v WOR timing | 250ms v

Power SOdBm v) 10 mode ‘PushPuIi |

Copyright@ Chengdu EByte Electronic Technology Co.lLtd WebSite : www.cdebyte.com

Hinh 4.45 Thiét 1ap thong s6 khéi tao LoRa
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Trén giao dién chung ta c6 thé thiét 1ap lai cac thong sb ctiia module nhu toc do
truyén, cong suat, kénh truyén, dia chi,...

Chu y: Module c¢6 32 kénh truyén nhan khac nhau, tng v6i mdi kénh 1a mot tin

Cong thirc tinh tan s6 cho mdi kénh truyén nhu sau:
Channel: 0-31 Frequency = 410MHz + Channel * IMHz
Vi du ¢ kénh 23 thi tin s6 s& 1a: Frequency = 410MHz + 23 * IMHz = 433MHz

Sau khi thiét 1ap cac thong s, chon SetParam — ClosePort

4.4.5. Hinh thirc giao tiép ciia LoRa trén xe

° | @ vt i 234

Hinh 4.46 Giao dién kiém tra giao tiép giita hai xe

a, Tong quan hinh thirc giao tiép

Trong cic hé théng xe tw hanh hién dai, dic biét 1 nhimg hé théng gdm nhiéu
phuong tién di chuyén theo doi hinh (vehicle-to-vehicle — V2V), kha ning giao tiép giita
cac xe dong vai tro cuc ky quan trong. Viéc trao d6i thong tin giita cac xe giup ting
cudng d6 an toan, ddong bd hod chuyén dong va t6i uvu hoa kha niang phan Gmg voi cac
tinh hudng bat ngd trong mdi trudng thuc té.

Trong d¢ tai ndy da xdy dung thanh cong mot mo hinh gom hai xe robot di chuyén
theo vach (line-following) c6 kha ning tranh vat can nhd cam bién siéu 4m, dong thoi
tich hop mo-dun LoRa dé giao tiép khong day lién tuc giita hai xe. Hé théng cho phép
xe sau phan trng kip thoi vai cac tinh hudng ma xe trudc gip phai, dic biét 1a nhiing tinh
hubng bi che khuét tAm nhin, chiang han nhu khi r& cua git.

b, Mb ta hé thong

- Xe di dau (Leader)
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Xe truoc duogce 1ap trinh dé ty hanh theo vach bﬁng cach str dung hé théng cam bién
do line gobm 5 cam bién hong ngoai. Khi di chuyén, xe lién tuc quét mat dat dé gitt cho
16 trinh ludn bam sat vach huéng dan.

Song song véi viéc do line, mot cam bién siéu 4m duoc tich hop phia trude xe dé
phat hién vat can. Khi xe phat hién c6 vat can ndm trong ngudng nguy hiém (vidy: dudi
20 cm), no s€ ty dong dung lai va gui tin hiéu "STOP" qua m6-dun LoRa dén xe sau.
Khi vét can bién mét va khoang cach an toan dugc dam bao, xe s& tiép tuc hanh trinh va
guri tin hiéu "GO" dé thong bao cho xe sau tiép tuc di chuyén.

Dé tranh tinh trang guri trung lip va giam nhiéu tin hiéu, hé théng kiém tra néu tin
hiéu hién tai khac tin hi¢u trude d6 va da du thoi gian cach quang to1 thiéu (vi du 200ms)
thi maéi thuc hién guri [énh méi.

- Xe di sau (Follower)

Xe sau lién tuc léng nghe tin hiéu LoRa tu xe trude. Khi nhan dugce 1énh "STOP",
xe ngay lap tirc dimg lai. Nguoc lai, khi nhan Iénh "GO", xe tiép tuc di chuyén theo vach
nhu binh thuong. Nho vy, xe sau co the phan tmg tire thi trudce cac tinh huéng ma cam
blen cta n6 khong truc tiép quan sat dugc, chang han nhu vat can xuét hién ¢ khic cua
gat, noi ma tim quét siéu am bi gi61 han.

Viéc truyén 1énh lién tuc va theo thoi gian thuc giup dam bao rang xe sau ludn
dong bd hoé duogc trang thai hoat dong vdi xe trudc — di€u cuc ky quan trong dé duy tri
an toan va hiéu qua khi di chuyén theo nhom.

¢, Kiém thir va danh gia

Thoéng qua qua trinh kiém thtr thuc té, hé théng da cho théy kha nang hoat dong on
dinh va hiéu qua. Khi xe trudc gap vat can va dung lai, tin hiéu "STOP" dugc gui di
ngay 1ap tire, va xe sau cing dung lai gan nhu dong thoi. Khi vat can duoc loai bo, tin
hi¢u "GO" dugc phat di, gitip xe sau tiép tuc hanh trinh ma khong can bat ky xir 1y phtc
tap nao tir nguoi diéu khién.

Dir lidu trén Serial Monitor ghi nhan chi tiét qua trinh truyén va nhan Iénh giita hai
xe. Tin hiéu line nhu "01110", "01010" dugc in ra thuong xuyén cung vdi trang thai
"Sent via LoRa: GO" hoidc "STOP". O phia nhan, tin hiéu "Received via LoRa: GO"
hodc "STOP" phan anh chinh xac trang thai tuong tng.
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Chwong 5: THIET KE PHAN LAP TRINH VA THUAT TOAN HE
THONG PIEU KHIEN KET HGP MO PHONG QUA TRINH DI
CHUYEN CUA XE

5.1. Thiét ké phan lp trinh
5.1.1. Ly thuyét co s¢ hé thong diéu khién
a, Xir ly tin hiéu trén dwong thang

Car 2 Car 1
Hinh 5.1 So do b6 tri hai xe dang di chuyén trén dudng

Gia sir hai xe dang chuyén dong véi toc dd Va, Ve. Khoang cach gitta 2 xe 1a S(m).
Tai thoi diém ti: tin hiéu vé Sy, V1. Tai thoi diém to: tin hidu vé Sa, V2. Véi S, S: 1a
khoang cach giira 2 xe do ¢ 2 thoi diém khac nhau va Vi, V2 13 van tdc cta xe ta dang
chay tng véi 2 thoi diém do lién tiép nhau. Va ti, t2: 13 thoi diém do lién tiép giita 2 1an
nhan tin hiu.
* Tinh vén toc tuong ddi gitra 2 xe [6]:
S,-S, S,

AV = = 5275 (/) (5.1)
At t,—t,

At : 13 bién thién thoi gian giita 2 1n nhan tin hiéu lién tiép, phu thudc vao thoi

gian dua tin hiéu vé ctia cam bién khoang cach.
* Xét dicu kién:

Smin (m): 1a khoang cach nho nhat g véi van téc chuyén dong cua xe V (m/s) ma
lac d6 can phai diéu khién giam tdc d6 hodc ding dé dam bao diéu kién chuyén dong
an toan cua xe.

- Néu av <0 ( tirc 1a S2< S) thi ta xét:

+ Néu Sz < Smin thi can diéu khién motor dé giam toc do.

+ Néu S2 > Smin dé xe duy tri v6i tc do dat on dinh.

- Néu av >0 (tirc 12 S2> S1) thi xe s& duy véi téc do dit on dinh.
b, Xir ly tin hi€u nhap lan vao vong cua

Trong bai bdo co nay, hinh thirc xdy dung mot mé hinh diéu khién phuong tién
trén duong lién tyc, tap trung vao viéc xac dinh khoang cach voi xe phia trude khi vao
vong cua. Myc tiéu 1a dam bao xe phia sau c6 the duy tri quy dao cung tron mot cach
muot ma, ddng thdi quyét dinh khi nao can ting toc hodc giam tdc dé thich tmg véi diéu
kién vao cua. Néu khodng cach gitra hai xe du 16n, xe phia sau c6 thé chi dong vao cua
ma khong anh huéng dén dong giao thong. Tuy nhién, khi khoang cach khong dam bao,
cac phuong tién budc phai giam tdc d6 hoic tham chi dimg lai, gdy gian doan ludng di
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chuyén. Nguoc lai, néu xe phia sau wu tién giit khoang cach hon 1a can nhic dén murc
dd an toan khi vao cua, nguy co va cham trén lan duong vao cua sé gia tang.

Dé giai quyét van dé nay, bai bao dé xuat mot phuong phéap diéu khién giao tiép ty dong
giira hai phuong tién, dya trén hé thdng dudng duoc thiét 1ap. Phuong phap nay tinh
toan va cung cap téc d6 tham chiéu phu hop, gitp diéu chinh quy dao cua xe khi vao
cua mdt cach an toan va hi¢u qua.

(@ \

>

Hinh 5.2 So d6 thoi diém hai xe dang di chuyén vao duong quy dao cong

Trong mo hinh thuc té, ching dé xuét st dung RFID hoac H¢ théng dinh vi toan
cau (GPS) dé phat hién vi tri ciia phuong tién giao thong ca nhan. Xe di chuyén trén
duong s& nhan duoc tin hiéu nay dé xir 1y va sau d6 truyén tin hiéu dén xe khac [7].

Tir cong thirc 5.2, ta suy ra cong thic 5.3. Tiép tuc tich hop cong thire 5.3, ta thu
dugc cong thirc 5.4. Cudi cung, cong thirc 5.6 duoc thiét 1ap, cho thiy rang véi thong
tin vé toc d6 ban dau an toan, vi tri tire thoi cua xe, khoang cach an toan va gia tdc, ta
6 thé dé dang tinh toan van tde cudi cung ma xe can dat dugc.

truoc sau
a D Vsafe o Vsafe
_ (5.2)
truoc sau
tI’UOC
afe U V safe + a.At (5.3)
truoc A sau A 1 A
S, = | Vi AL=v2 t+>a t 5
truoc \ 2 sau \ 2
_ (Vsafe ) T (Vsafe)
safe 2 a (5 5 )
truoc 2 sau \ 2
safe a. Ssafe + (Vsafe) (5 6)

¢, Nguyén li tin hi¢u truyén va nhan giira hai xe
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Thiét 14p chan SPI, LoRa,
cac module cam bién.

Két ndi LoRa
W
- Thict lap dia cha trén 2
Truyén LoRa Nhin

I"J """""""" 7 I i'_
| 11
|| Thunhdp di liéu ti cim bién, lénh | | | Nhin géi tin tir LoRa 2
\ didu khién bat/tit va o gid tri. )
| 11 .
| 11 f Sai
| 11
I : 11/ Sosénh dia chi nhén tir LoRa 2
I Dong goi tinkém dia chinhdnva | 1! va dia chi tir LoRa 1 43 duoc
! dia chi cia thiét bi niy . thiét lap
1 11
| 11 Bning
| h 11 y
1 ] 11
! Truyén di¥ liéu géi tin dén LoRa 2 ' Nhin géi tin va thire hién 1énh
| 11

Hinh 5.3 So d0 truyén — nhén tin hiéu giita hai xe

Khi xe bat du di chuyén, hé thong LoRa duoc kich hoat d¢ chia s¢ dit liu gitta
hai xe nham dam bao duy tri tbc d6 va khoang cach an toan. Qua trinh nay bat diu bang
viéc thiét 1ap két ndi LoRa va cai dit dia chi cho ting xe dé xac dinh thong tin giri —
nhan.

Xe phia trudc thu thap dir li€u tir cac cam bién, bao g6m khoang cach do dugc va
1énh diéu khién, sau d6 déng goi dir liéu cing véi dia chi nhin va giri dén xe phia sau
thong qua LoRa. Khi xe phia sau nhan duoc goi tin, hé thong sé kiém tra dia chi dé xac
minh tinh hop 18. Néu dia chi khép véi thiét 1ap ban dau, xe sé& thuc thi 1énh, diéu chinh
toc do hogic ding lai khi can thiét. Néu dia chi khong khép, goi tin s& bi bo qua dé tranh
nham 14n. Co ché nay gitip hai xe phdi hop nhip nhang, duy tri khoang cach hop ly va
tranh va cham. Nho do, hé théng dam bao su an toan va on dinh trong qua trinh di
chuyén, dic biét khi vao cac doan dudng cong hoic diéu kién giao thong phirc tap.

d, Nguyén li diéu khién theo dwong line
Do céu trac don gian va dé trién khai nﬁn b6 diéu khién PID d}IQC sf}’ dung rong
rai trong linh vuc k¥ thuat diéu khién [9]. Cau truc chung cta b di¢u khién PID la

) del)
Upip (t) = er(t) + Ki_[e(t)dt Ky dt (5.7)
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V&i: U, (t) 14 tin hidu diéu khién.
e(t) = Gia tri dat — Gia tri thuc té.
K, K, K, la cac hé s diéu chinh.

Cam bién phan boi

PID(T) P, Goc 14i =48
Gia try dit e .
Tracking PIDIG) Goc lai 90
4 v pwm,
Cam bien phan hoi }-j v
%;
4 C,
S PID(P) Goc lai <135 d
1 p ¥ pwm,
Cim bién phin hoi }—

' Ddng co DC

Encoder

Cam bién

Hinh 5.4 So db b6 diéu khién PID

Pham vi caa céc bién chua biét tie 1a kp, ki va kg da duoc quyét dinh sau mét s6
1an chay thir va duoc cung cp trong Bang 1 nhiam tbi wu hoa thong qua upp dé tim gia
tri tham s6 b diéu khién PID.

Khoang cach xe trude khong dugce xur ly truc tiép nhung c6 thé anh huong gian
tlep qua sai s6 van toc. Sir dung thuat toan PID diéu khién toc d6 dya trén sai sO gilta
tbc d6 mong mudn va thyc té, ddng thoi c6 thé duogc thiét 1ap dé kiém soat toc d6 phu
hop khi di chuyén.

Bang 5.1 Thong sb thiét lap xe

Théng s6 kp ki kd
Pham vi thyc nghiém 12 0,0002 8
Van tdc xe 1,08 m/s
Khoang cach véi xe trude >30 cm
Tan sd giao tiép 433MHz
Pham vi giao tiép ~3 km
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5.1.2. So do khoi hé thong diéu khién

g
Cam bién do dudng # Pong co DC
TCRTS5000 4 Chan
ARDUINO f

UNO R3
LORA “ Chip diéu
E01-MLO1DP5 J khién A4950

& o
= = Cém bién do
- .
5 'g khoang cach siéu
> =t 4m HC-SR04
= Z
=
LORA “I Pong co DC
E01-MLO1DP5
ARDUINO f
UNO R3
Cam bién do dudng # Chip diéu
TCRT5000 4 Chan khién A4950

Hinh 5.5 So d6 khdi hé théng diéu khién

Tai thoi diém xuat phat, dat hai xe trén cting mot duong thang, nam trong quy
dao ciia mot cung tron. Ban dau, nhd tich hop cam bién do duong va do khoang céch,
c4 hai xe duy tri tc do 6n dinh thong qua thuat toan PID, duoc lap trinh bang ngon ngi
C va nap vao mo-dun Arduino Uno R3. Sau khi di chuyén trén doan duong thang, xe
bt dau vao quy dao cung tron, kich hoat hé théng tao mang lu6i dé chia sé dit liéu. Hé
thdng nay su dung cong ngh¢ LoRa, két ndi v6i Arduino dé theo doi chuyen dong cua
xe. Néu bt ky xe ndo tién gan mot xe khac, Arduino sé truyen canh bao dén phuong
tién lan can. Qua trinh phat hién dugc thuc hién nho cam bién siéu am, gitp do khoang
cach va xac dinh vi tri xe xung quanh. Cam bién nay thu thap thong tin tir may thu,
truyén qua may phat va gtri dir liéu dén LoRa.

LoRa, v6i kha ning lién lac tim xa, gitip x4c dinh cac phuong tién trong pham
vi ctia né. Khi mét xe tiép can xe khac & khoang cach ngin, hé théng sé& giri canh bao
dén Arduino, kich hoat thong bao bang vin ban trén man hinh OLED duoc cai dit trén
xe. Hon nira, m01 xe khong chi nhén dir liéu tir chinh né ma con tir cac xe khac trong
mang ludi, bao gdm thong tin vé vi tri va van téc clia phuong tién xung quanh. Dya trén
dir liéu nay, xe phia sau co thé tinh toan thoi diém vao cua va diéu chinh toc do phi hop
dé dam bao hanh trinh an toan va hiéu qua.
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5.1.3. Lwu do gidi thugt

Dién giai quy trinh tong quat voi so do trén duge chia thanh hai phan: phan dau 1a
bang mo ta bon budc chinh khi cac xe tham gia vao khu vuc ¢6 vong cua, va phan thtr
hai 1a luu do6 thuat toan cho toan bg qua trinh nhan dién, phan tich va ra quyét dinh di¢u
khién hanh trinh.

Buwéc 1: Tiép can va phat tin hiéu

Xe déu tién di chuyén trén doan duong thing va duy tri khoang céch 6n dinh. Khi
no tién vao ving cO vong cua, Xe nay bit dau phat tin hiéu — mot dau hiéu cho thay no

d3 di vao khu vuc can kiém soat tc dd va hudng lai chat ché hon. Pay 1a thoi diém khai
dau ciia chudi phdi hop giita cac xe.

Budc 2: Cac xe khac cung vao cua

Xe khac khi tiép can khu vuc nhap lan s& bat dau qua trinh di chuyén vao vong
cua. Trong giai doan nay, viéc chia sé dir liu vi tri va toc dd 1a cuc ky quan trong dé
dam bao cac xe duy tri hanh trinh mot cach an toan.

Budc 3: Ty dong két ndi va chia sé thong tin

Khi xe tiép can pham vi chuyén dong theo quy dao cong, chung s& dugc két ndi
voi nhau thong qua mang Lora va chia sé thong tin voi nhau. Moi xe ¢6 kha nang truyén
va nhan dir liéu nhu vi tri (ky hiéu la px) va tdc do tir cac xe khac. Day 1a bude tao nén
tang cho viéc diéu khién ddng bo gitta nhiéu phuong tién.

Buwéc 4: Ra quyét dinh diéu khién

Ttr ba bién s6 chinh — téc do xe, khoang cach tir xe nhap lan dén cac xe khac, va
vi tri twong doi — xe phia sau s€ di€u chinh toéc dd dé duy tri hanh trinh theo xe phia
trude. Mot thudt toan dieu khién tu dong (PID hoac tuong duong) s€ dugc kich hoat dé
xt ly dit liéu nhén dugc va tinh toan hanh vi diéu khién phu hop.

Bang 5.2 Quy trinh giai thuét diéu khién

Budce 1 | Khi xe dau tién di chuyén trén duong thang va kiém soat duy
tri khoang cach 6n dinh, n6 sé& tiép tuc dan dan di chuyén pham
vi vao vong cua cua duong. Sau do, nd s€ gui 1€nh phat song
trong vung dang c6 vong cua.

Budc 2 | Xe khac dang di chuyén dén khu vyc nhap lan trén dudng dé
bit dau di chuyén vao vong cua.

Budce 3 | Ty dong két ndi mang va chia s€ thong tin.

Buéc 4 | Dua trén 3 bién s6 ( toc do xe, khoang cach tir xe nhép lan vao
cua, vi tri cua xe) xe phia sau van duy tri tdc do so véi xe phia
trudc dua trén dir 1iéu vi tri.

Luu d6 trong hinh 5.2 thé hién chi tiét qué trinh diéu khién hanh trinh theo luéng
xur 1y tin hiéu:

- Hé théng bt dau tr viéc nhan tin hiéu tir cam bién do duong.
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- Sau do, cac cam bién theo doi duong s€ danh gia va gui tin hiéu diéu khién dé xe
bam theo lan duong dinh san.

- Tiép theo, h¢ thong kiém tra két n61 Lora. Néu co, xe s€ nhan dugc thong tin vi
tri va van toc cua cac xe khac, tao ra mang dir li€u chia sé dé€ ho trg diéu hudng vao cua.

- Néu khong c6 Lora, hé théng s& kiém tra xem ACC c6 dugc kich hoat khéng.
Nég co, xe s€ sur dung khoang cach dén xe phia trude va van toc hién tai dé bat bo dieu
khién PID cho h¢ thong ki€ém soat hanh trinh (CCS).

- N7éu ca hai diéu kién trén déu khong dugc th(f,)a man, hé théng s€ duy tri tbc do
khong doi — day la phuong an du phong don gian nhat.

/ Tin hiéu tir cam bién do dudng /

!

So sanh gia tr] cua cam bién theo doi
dudng de giri tin hidu diéu khién lai theo
duong line

le
€

No

Kiém tra
Lora?

Kiém tra
ACC?

Thiet [ap 10c dd xe
khdng doi

v

/ Vi tri va vin toc cua xe / — —
1. Khoang cach tir xe phia tnrée
l 2. Van toc cua xe
1. Tao ra mang dé chia s2 div liéu
2. Giao tiép gilra nhiéu xe dé vao cua

l Bat b diéu khién PID dé CCS
Truyén tin hiéu dé diéu khién /
toc 4o xe /

Hinh 5.6 Luu d6 giai thuat diéu khién
e Vai tro cta thuat toan diéu khién tu dong

Khi thong tin tir cac xe khac duoc chia sé qua Lora, b diéu khién s& xtr 1y thong
tin dua trén thuat toan diéu khién tu dong. Médi xe luu trit dit lidu vi tri px cta chinh
minh va cta cac xe khac. Trong qua trinh xtr 1y, xe s& tim gia tri nho nhat nhung 16n hon
px (nghia 13 xe lién phia trudce trén cung lan), va dinh danh d6 13 py. Dua vao py, xe s&
xéac dinh duoc muc tiéu theo ddi dé thyc hién diéu khién hanh trinh thich tmg, dam bao
khong va cham va gilr khoang cach an toan.

e Thuét toan cu thé nhu sau:
1. Lay dit liéu px cua xe hién tai va cac px cua céc xe khac.
2. Loc cac gia tri px 16n hon px hién tai.

3. Tim gia tri nho nhat trong tap hop nay — chinh 1 py.
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4. Str dung py dé tinh khoang cach doc, tir d6 4p dung diéu khién PID nham diéu
chinh toc do xe sao cho phu hop.

5.2. Thiét ké cac hé thong két hep va thir nghiém mi ho4 thuit toan ing dung
trén moé hinh xe

5.2.1. Tong quan thiét ké

Trong hé théng diéu khién xe tu hanh, viéc xdy dung mach dién la mot trong nhimg
budc quan trong dé dam bao cac thanh phan phan cing ph01 hop hoat dong hiéu qua.
M6 hinh str dung b diéu khién trung tam 1a Arduino Uno, két ndi véi cac cam bién do
line, cam bién siéu am, module giao tiép khong diy LoRa, servo diéu huéng, dong co
DC va mach diéu khién dong co A4950.

(o]o) ]
00

Hinh 5.7 Thiét ké hinh hoa hé thong tich hop
5.2.2. Co 56 ly thuyét néi mach

Hé théng duoc thiét ké dua trén cac nguyén 1y didu khién ty dong va cam bién. Xe
tu hanh thyc hién viéc do duong thong qua 5 cam bién do line h6ng ngoai (IR) gin phia
trude xe. Cac cam bién nay glup phat hién vach mau den-trang dé diéu chinh hudng di
phu hop. Dong thoi, cam bién siéu am HC-SR04 dugc lp & phia trudc dé phat hién va
tranh vat can bang cach do khoang cach tir xe dén chudng ngai vat. Module LoRa
SX1278 cho phép giao tiép khong day giira cic xe hodc voi tram diéu khién trung tim
dé truyén nhan dir li¢u thoi gian thuc. Viéc diéu khién huoéng di chuyén duoc ho trg boi
servo motor, trong khi hai dong co DC chiu trach nhiém cho viéc di chuyén tién/Iui.

Mach diéu khién dong co A4950 dong vai tro trung gian gitra vi diéu khién va dong
co, cung cap dong dién phu hop va diéu chinh téc d9, chiéu quay thong qua tin hiéu
PWM.
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r— — — — — — — L e A R
| : | | | 1
Cambidnl| (Cimbitn2| [Cimbifn3| [Cimbiind| |Cimbidns |
| TCRTS5000| | TCRTS000| | ToRTS000| | TCRTS000| | TCRTS000 |
| |
| 4 |
: Cam bién %:
HC SR04
| — > LoRaE3 — |
: | Bdng co Servo %I
| -
| Em =7
| | ARDUINO UNO B3
| |
| |
| |
wm 1 1 _z 7
| | Encoder | Béng cor 1 g B6 ditukhién |PWR- Bdng co 2 | Encoder
| A4950
|
T T i
S R S
Ll e —
L - Mach ha ap 5V Mach ha ap 12V
| Mach ha 3p 3.3V < LM2596 LM2596
| — & yi
L 4 |
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Buémg tin higu
— —— Bwomg dién ap

Hinh 5.8 So d6 khoi hé thdng tich hop
Dua trén so d6 mach dién nhu hinh trén:

- Arduino Uno 12 trung tam diéu khién, nhan tin hiéu tir cac cam bién va diéu
khién dong co thong qua mach A4950.

- 5 cam bién do line IR duoc két nbi v6i cac chan digital dé phat hién vach ké
duong. Moi cam bién dua ra tin hi€éu HIGH hodc LOW, tuy vao nén den hodac trang, tir
do xac dinh vi tri xe so v&i vach.

- Cam bién siéu am HC-SR04 sir dung 2 chan Trigger va Echo két ndi voi
Arduino dé do khoang cach bang xung siéu am.

- Module LoRa két ndi voi cong TX/RX cua Arduino, cho phép giao tiép khong
day. Trong du an, n6 co thé truyén dir liéu trang thai, khoang cach, hodc tin hiéu diéu
khién tir xa.
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- Servo motor diéu khién huéng dau xe, duoc két ndi voi mot chan PWM dé thay
doi goc quay.

- Hai ddng co DC ndi véi mach A4950. Mach niy nhén tin hi¢u diéu khién tir
Arduino (chan IN1-IN4) va ngudn nudi riéng tr pin 9V.

- Ngudn cip cho toan hé thdng bao gébm ngudn tir cdng USB hoic pin 9V cho
dong co.
5.2.4. Quy trinh vdn hanh

1. Khoi dong hé théng, Arduino khoi tao va kiém tra cac thiét bi ngoai Vvi.

2. Cac cam bién IR lién tuc doc gia tri bé mat bén dudi xe. Dit liéu tir cam bién sé
dugc Arduino xur ly dé xac dinh hudng can di€u chinh.

3. Néu phat hién vat can phia trudc, cam bién siéu Am s& gui tin hiéu vé Arduino.
Vi di€u khién s€ xtr 1y va ra 1énh dirng hodc d61 hudng tuy theo khoang cach do dugc.

4. Dir liéu vi tri hodc trang thai xe duoc truyén di qua module LoRa dé giao tiép véi
cac xe khac hodc véi trung tam diéu khién.

5. Dua vao thuét toan diéu khién, Arduino giri 1énh téi mach diéu khién dong co
A4950 dé di€u chinh toc d§ va hudng quay cua dong co nham diéu khién chuyén dong
cua xe.

5.3. M6 phéng chuyén dong ciia mé hinh xe
5.3.1. Gidi thiéu cong cu mo phong

Matlab Simulink

Chuong trinh Matlab 1a mot chuong trinh viét cho may tinh PC nham hd trg cho
cac tinh toan khoa hoc va ky thuat vdi cac phan tir co ban 1a ma trén trén may tinh ca
nhan do cong ty “The MATHWORKS” viét ra. Thuat nglr Matlab c6 dugc do hai tu
MATRIX va LABORATORY ghép lai. Chuong trinh nay hién dang dugc su dung nhiéu
trong nghién ctru cac van dé tinh todn cia cac bai ky thuadt nhu: Ly thuyét diéu khién tu
dong, k¥ thuat thong ké sac suat, xu ly tin hiéu, .v.v..

Chuong trinh Matlab c6 thé chay lién két voi cac chuong trinh ngén ngir cip cao

nhu C++,C,v.v.. Vi€c cai dat Matlab that dé dang va ta can chu y viéc dung thém cac thu
vién tro gitip hay mudn lién két phan mém nay véi mot vai ngon ngir cap cao.

, TOOL BOX SIMULINK la phan mo rong cua Matlab, st dung mo p}long cé(; hé
thong dong hoc mot cach nhanh chong va tién loi. Thong thuong dung dé thiét ké he
thong dieu khién, thiét ké DSP, h¢ thong thong tin va cac ung dung mo phong khac.

Simulink la thuét nglr mé phong ¢ dé nhé duge ghép boi hai tir Simulation va Link.

Simulink cho phép mé ta hé théng tuyén tinh, hé phi tuyén, cac mo hinh trong mién thoi
gian lién tuc, hay gidn doan hodc mot h¢ ca lién tuc hay gian doan.
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R2023a (9.14.0.2206163)
64-bit (wWin64)
February 22, 2023

y U.S and Internation
red tra

) MathWorks'

Hinh 5.9 Phan mém MATLAB
5.3.2. Mé phéng mé hinh xe tich hop hé thong do line

Thiét ké sa ban cho mé hinh xe di chuyén bam line

2600mm

“«~—  —

Hinh 5.10 Bién dang hoat dong cua robot
o M6 hinh hod hé théng robot do line
M6 hinh hoa dong co DC:
Céu tao cla dong co DC dugc mo ta nhu hinh duéi:

Déng co dién mot chiéu (DC) kich tir doc lép,qduqc diéu khién béng dién ap phén
ung. So do nguyén ly cua loai dong co nay duogc the hién trén hinh, trong d6 dong kich
tur i, dugc gitt khong doi.

Sinh vién thyc hién: Dang Minh Hiéu ~ Huéng dan: TS. Hoang Thang 111



N

Iy = const

Hinh 5.11 So d6 nguyén 1y dong co dién DC
Véi: + Tin hiéu vao 1a dién 4p u dit vao phan tng [Volt; V].
+ Tinh hiéu ra 13 van téc gbc @ cua dong co [rad/s].
Str dung 3 phuong trinh co ban nhu sau:

* Phuong trinh mach dién phan tng

U= Lﬂ+ Ri+ K, @
dt

Trong d6: + R : Pién trd phan ung, [Q].
+ L : Bién cam phén ung, [H].
+1: Dong dién phan ung, [A].
+ K,: Hing s6 strc dién dong [Vs/rad].
+ K, : Stc dién dong phan tng [V].
Bién d6i Laplace 2 vé phuong trinh, ta duoc:

U(s) = Lsl(s)+ RI(s) + K,a(s)
So d6 khéi twong tng:

U(S):® | 1 I(s) .

- Ls+R

E(s) w(s)

Ky [o—

Hinh 5.12 So do khéi mach dién phan g

o Phuong trinh momen dién tir cia dong co

Vi dong kich tir i, khong d6i thi tir thong khe khi @ =k,i, 14 khong doi va

momen dién tir M ctia dong co ti 1& v6i dong dién phan tng:
M =K_i

Trong d6: K, =k® =kk,i, 1a hing s6 momen cta dong co, [N.m/A]
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Véi: + k : Hang s6 phu thudc vao két cau dong co.
+ k,: Hang s6 dic trung doan tuyén tinh cua tir thong thay ddi theo i,
Bién dbi Laplace hai vé ta duoc:
M(s) =K, I(s) (5.4)

So db tuong duong:

I(s) M(s)

Km

Hinh 5.13 So db khéi phdn momen dién tr

e Phuong trinh cdn bang momen trén truc dong co

M =JCL—Ct0+Ba)+Mt (5.5)

Trong do:
+J : Momen quan tinh cta dong co va tai quy vé truc dong co, [kg.m?]
+ B : Hé s6 ma sat nh6t cia dong co va tai quy vé truc dong co, [kg.m?]
+ M, : Momen phu tai (nhiéu), [Nm]
Bién dbi Laplace 2 vé phuong trinh:
M (s) = Jsax(s) + Bax(s) + M, (s)

So d6 khéi twong tng:

M. (s)

M(s) 1 w(s)
g Js+B

A 4

Hinh 5.14 So db khéi phan can bang momen trén dong co

Két hop 3 so do khéi thanh phan, ta thu dugc so do khéi ctua dong co:

M. (s)
U(s) 1 I(s) M(s) 50 1 w(s)
hed Ls + R — K @ | Js+B i
E(s) w(s)
K, [+

Hinh 5.15 So dd khdi dong co véi tin hi¢u vao di€n 4p va tin hi¢u ra van tde
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Ham truyén cua dong co DC véi tin hi¢u vao la dién ap va tin hiéu ra l1a van toc:

Km
_o(s) _ (Ls+R)(Js+B) Ky
Gdc(S)_U(s) 1 KK LIS+ (LB+RI)s+(K, K, +RB) 0
(Ls+R)(Js+B)

Trong dd 4n nay, ta quan tim dén diéu khién vi tri ciia robot, tin hiéu ra phai la
dai luong dich chuyén cua goc.

Goi 6, - goc quay cua dong co. Do d6 dao ham ciia goc quay chinh 1a van toc
gbc:

o, (t)= ja)(t)dt (5.7)
Chuyén sang mién tn sd, ta dugc:
0, (s) = 2L (5.8)
Luc nay, ham truyén cta dong co tro thanh:
Goe(s)= (:)Jm((ss)) TS +I§'t:s2 +5 (59)
Trong do: T, = 7,7, RB, T - (r,+7,)RBy ., K.,

K K. +RB, ° K K +RB,  “ K K +RB,

So d6 khoi cua dong co DC véi tin hi¢u vao 1a dién ap va tin hi€u ra 1a géc quay:

lMt(s)

5 1| 1) M) ST [ 1 [we)
@g_ Ls + R s X Js+B
‘ E(s) . w(s)

Hinh 5.16 So d6 khéi dong co véi tin hiéu vao dién 4p va tin hiéu ra géc quay

U(s)

Om (S)

v | -

Bang 5.3 Thong s6 dong co servo DC st dung trong robot

Hing s6 strc dién dong K_(Vs/rad) 0.01

Hé s momen xo0dn K,,(Nm/A) 0.01

Quan tinh cua rotor J_(kg.m?) 0.01
bién tro R (Q) 1

Do ty cam L (H) 0.5
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M6 hinh hoé dong co trén matlab vdi dau vao dién ap va dau ra van toc:
«\:

—l—-.) Rewstarce

Volage
: s o | l -
,‘Ly g / d/an) -

nductance

>k > I S 1 ’
/ ol > / ” - .o o 1)
Km a2/ot2{theta) ]

d/aditheta) o

nartia

Dampeng

Miotage  Speed

DC Motor

MB& hinh hoé cam bién:

Cam bién do line st dung mét thu héng ngoai, gia tri tra vé khi gap line 1a 1, khi
l1éch khoi line 1a 0. Do d6 cam bién do line 1a loai cam bién logic, gia tri dau ra s€ 1a tin
hiéu digital ngau nhién theo vach line.

St dung cam bién do line 5 mit thu phat, ta co thé c6 bang trang thai nhu sau:

Error s& 1a phan quan trong s6 cho mdi loai 16i khi cam bién & dung vi tri nhu
bang trang thai.

Bang 5.4 Thiét 1ap ma hoa 13i tir cam bién do line

IR1 IR2 IR3 IR4 IRS Error
0 0 0 0 1 5
0 0 1 1 1 4
0 0 0 1 1 3
Trang thai 0 0 0 1 0 2
0 0 1 1 0 1
0 0 1 0 0 0
0 1 1 1 0 0
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0 1 1 0 0 -1
0 1 0 0 0 2
1 1 0 0 0 3
1 1 1 0 0 4
1 0 0 0 0 5

D¢ gia 1ap tin hiéu cua bd cam bién line, ta s€ xét td1 map cua bai toan dat ra:
Khi chay dén nhiing vi tri cong thi gia tri Error s& ting 1én.

2600 -

start
] end

O day 1a mo phong nén ta chon dau vao cuia cac cam bién 1a tin hidu ngau nhién 0
hoac 1.

o M6 hinh hod bé diéu khién:
B6 diéu khién PID cho tirng dong co:

1 >Q » PID(s) Voltage Speed > D

DC Motor - Left

Vao muc Tunning PID dé diéu chinh dép tmg cho dong co:

Sinh vién thyc hién: Dang Minh Hiéu ~ Huéng dan: TS. Hoang Thang 116



Nghién ciru, thiét ké mé hinh xe théng minh sir dung céng nghé giao tiép V2V
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Hinh 5.17 Thiét 1ap théng s6 tunning PID

Céc thong s6 sau khi tunning PID:

Source: internal

Proportional (P): |475.647523049974

Integral (I): |2415.51355032781

Derivative (D): |13.2168569415552

Use filtered derivative

Filter coefficient (N): |2551.65270488503

Automated tuning

Select tuning method: | Transfer Function Based (PID Tuner App)

Tune...

Toc do dat 1a 1, qua bo di€u khién PID, mo6 hinh vé md1 quan hé giira van toc va

dién 4p ta s€ co ket qua:
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£ Scope - O X
File Jools View Simulation Help N
- OP® - Q-0 FH-

T

{Ready Sample based T=10.000

Hinh 5.18 Két qua diéu chinh tunning PID
Ap dung cho hé thng toan robot:

: ».
. ol ®1 input Vo feght  v_mght - »

Robot Model

Setport, Error =0

o
"1 u}rtr-m

@

L

Hinh 5.19 Thiét 1ap cac khbi mo phong qué trinh di chuyén vao duong cua

B diéu khién nhan tin hiéu phan hdi tir cam bién (& day tin hiéu duoc chon ngiu
nhién theo bang Error & muc 2 tir -5 dén 5);
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Qua b diéu khién PID dé dap tng vi tri dau vao setpoint =0; Dién 4p cap ban
dau s& 14 5V (c6 thé tuy chinh theo nguoi dit), nhung phai <12V do dong co chon c6
dién ap max la 12V.

bép ting dau ra cia van toc:

|Ready Ssmple based T=20.000

Hinh 5.20 Két qua md phong su chénh 1éch téc d6 giita hai banh xe khi vao cua
5.3.3. M6 phéng chuyén dong ciia hai xe

Trong pham vi nghién ctru nay, phan mém LabVIEW di duogc st dung nhu mot
cong cu mod phong tryc quan nham dénh gia hiéu suat ctia hé thong diéu khién van toc
theo quy dao cong khi hai xe dién cung di chuyén. LabVIEW 1a mot nén tang lap trinh
d6 hoa manh mé&, thich hop dé mé hinh héa, mé phong va tryc quan hoa cac hé thong
diéu khién nhung va tu dong. Nho kha ning tuong tac truc tiép va kha nang két ndi dir
liéu md phong thoi gian thuc, LabVIEW gitip kiém tra cac thuat toan diéu khién phirc
tap mot cach hiéu qud, nhanh chéng va linh hoat hon so véi cac phuong phép 1ap trinh
tuyén tinh truyén thong.
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Hinh 5.21 Thiét 1ap mé hinh diéu khién hai xe trén dudng cua

Trong mo hinh mé phong duoc thiét ké, hai xe dién thong minh lan luot di chuyén
vao mot doan duong cong c6 ban kinh nhat dinh, moé phong tinh hudng thuc té khi cac
xe dang tham gia giao thong trong méi trudng d6 thi hodc khu vuc ¢6 nhiéu khuc cua.
Dé dam bao an toan va 6n dinh khi van hanh, mdi xe dugc diéu khién boi mot thuat toan
PID (Proportional — Integral — Derivative) nham giit van téc phu hop véi do cong cia
quy dao, ddng thoi duy tri khoang cach an toan voi xe phia trudc thong qua thong tin
truyén tir hé thong giao tiép V2V.

Hinh 5.22 thé hién giao dién mé phong cta hé théng diéu khién trong LabVIEW,
trong do quy dao cong dugc lap trinh nhu mdt vung c6 gi6i han tbc d6 nghiém ngit,
budc xe phai giam van tdc khi di vao va ting toc tro lai khi ra khoi ving cong. Giao dién
tryc quan dé theo ddi qua trinh thay d6i van toc va vi tri ciia mdi xe trong thoi gian thyc.
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Hinh 5.22 M6 hinh mé phong giao dién ving chuyén dong theo quy dao cong
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Hinh 5.23 tiép tuc lam rd su khac biét trong biéu d6 van tdc theo thoi gian giita hai
xe khi di chuyén trén qu§ dao cong. Két qua cho thiy van tdc ctia xe A giam nhe khi vao
cua va nhanh chéng 6n dinh trd lai sau khi ra khoi viing cong. Nguoc lai, van tdc cua xe
B ¢6 su suy giam dot ngot hon nham giir khoang cach an toan véi xe A — hanh vi diéu
khién nay hoan toan nim trong ky vong cua h¢ théng Cruise Control két hop V2V. Sau
khi ca hai xe r01 khoi doan cua, toc d6 duoc diéu chinh ting dan trd lai va 6n dinh theo
van tdc cai dat ban dau.

1.2
0
I
=
~ 0.8
g 0.6 Front car
804 Rear car
S 0.
0.2
0
0 2 4 6 8 10 12 14 16 18 20

Tho1 gian (s)
Hinh 5.23 Khéc biét giita van tdc cia mdi xe di chuyén trén quy dao dudng cong

Két qua m6 phong cho thdy hiéu qua ciia thuat toan diéu khién PID trong viéc diéu
chinh van toc mét cach tron tru, dong thoi cho thay su phoi hop nhip nhang gitra cac
phuong tién khi c¢6 su hd trg clia cong nghé giao tiép V2V. Diéu nay goép phan ching
minh tinh kha thi cua h¢ thong khi tng dung trong thuc té dé ning cao tinh an toan, hiéu
qua van hanh va giam thiéu rii ro trong céc tinh hudng giao thong c6 mat do cao hoic
dia hinh phuec tap.

5.4. Két luan chuong

Trong chu’ong nay, hé thdng diéu khién ctia mé hinh xe dién da duoc trinh bay chi
tiét v6i so d6 két ndi phan cing tryc quan va ro rang. Viéc két hop gitra vi diéu khién
Arduino UNO va cac cam bién nhu do line IR, siéu 4am HC-SR04, cung v6i module
truyén thong LoRa, da giap mo hinh xe dién co thé hoat dong mot céach linh hoat, tu
dong bam theo vach duong va phat hién, trdnh chudéng ngai vat hiéu qua. Bén canh do,
mach diéu khién dong co A4950 va hé théng cip ngudn duoc thiét ké hop 1y, dam bao
kha ning cap dién 6n dinh cho toan bo hé thong.

Qua d6, md hinh khéng chi dap tmg dugc yéu cau vé chirc nang diéu khién co ban
ma con cb tiém ning mo rong dé nghién ciru cac hé théng thong minh hon, nhu diéu
khién hanh trinh thich tng (ACC), giao tiép gifta cac xe (V2V), hay ap dung thuit toan
diéu khién PID nham t6i wu hoa hanh vi di chuyén. Pay 14 budc dém quan trong trong
viéc phat trién cac mo hinh xe tu hanh thong minh & quy mé nhd, phuc vu cho hoc tap,
nghién ctru va tmg dung thuc tién trong tuong lai.
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Chwong 6: THUC NGHIEM VA PANH GIA KET QUA

6.1. Két qua thwe nghiém

Hinh 6.1 Chay thyc nghiém robot do line

Két thiic viéc nghién ctru, thiét ké mo hinh xe thong minh tich hop hé théng do
duong, hé thong phat hién vat can va hé thong giao tiép. Sau mot thoi gian nghién ciru
thi em d3 hoan tat viéc thiét ké, ché tao mé hinh xe giao tiép tranh va cham va van hanh
thuc té (hinh 6.1). Giao tiép giira hai xe thuc té khi c6 mang tai hoan thanh viéc bam sa
ban, do dugc khoang cach chinh xac va giao tiép dé nang cao an toan. S6 lan chay thir
ding theo yéu cau véi thoi gian nhanh nhat xép xi 12s, dat van tdc Xép xi 1,08 m/s nhu
(bang 6.1)

Bang 6.1 Két qua thuc nghiém

bién do dudng
hong ngoai

Neav | S6 S6 lan Thoi o
o | 20| chay | giannho | oo | Siraddibd L <
'qy duoc hét | nhat dat : g sung thém y
thoe | chay \
sa ban duoc (s)
21/3 5 3 30 (1) Thém  cam | Cam bién bi

nhiéu,  diéu
chinh téc do;
Diéu  chinh
bién tré trén
cam bién hong
ngoai;
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23/3 5 4

18

(D+2)

Thém cam
bién do
khoang cach

Diéu  chinh
thong s PID
phu hop voi
tbc  do; Noi
day gitra cam
bién khoang
cach va
arduino  uno
cang ngan
cang hoat
dong tot

25/3 5 5

12

(D+2)

In 3d bo Yé
Xe, giup xe on
dinh hon

Tai trong cua
vo vira du dé
xe c6 thé van
hanh, khong
lam giam toc
d6 qua nhiéu,
khong dé anh
huong dén
qua trinh do
duong

4/4 5 0

(D+2)+3)

Thém module
LoRa

LoRa chi hoat
dong voi dién
ap 3,3V

6/4 5 0

(D+2)+3)

Thém ang-ten
cho LoRa
(test & trang
thai tinh)

LoRa da hoat
dong & trang
thai tinh

7/4 5 3

23

(D+H2)+3)

Thém module
ha 4p 3,3V
cho LoRa dé
nang  dong
dién

Vi két hop 3
hé théng trén
1 chiéc xe nén
xdy ra hién
twong nhiéu
va cap dong
dién yéu

19/4 5 5

23

(D+H2)+3)

Diéu  chinh
PID dé do line
bam t6t va phu
hop véi te d6
xung thiét 1ap
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214 | 5 5 12 | ()+Q)1+3)

Chu thich: (1) Cam bién do duong hong ngoai; (2) Cam bién khoang cach siéu am;
(3) LoRa

6.2. Panh gia két qua thuc nghiém

Xe chay 6n dinh khi st dung bo diéu khién PID, bam line kha tét va con c6 thé cai
tién dé dat toc do 16n hon.

Duy tri toc d6 6n dinh khi di trén dudng thing va ty dong diéu chinh khoang cach
khi vao vong cua kha tot, mugt ma.

Trong qué trinh thyc hién diéu khién mé hinh con nhiéu sai sot vé mat vat 1y ciing
nhu thuat ngtr diéu khién nén phai can nhiéu thoi gian dé tinh chinh phu hop véi chire
nang cua tung h¢ thong.

MBS hinh diéu chinh gbc cua béng thuée 1ai nén d6i khi van xay ra hién tuong léch
ra ngoai line.

Hai dong co c6 sai so vé toc d0 vdi nhau nén lam giam tinh 6n dinh cua xe.

Céam bién cua xe doi lac bi nhieu do diéu kién moi truong.

Su giao ti€p gitra hai xe kha tot nén tranh dugc sy va cham trong nhi€u tinh hudng
khac nhau.

6.3. D¢ xuit phwong 4n hiéu chinh thiét ké
Dé khic phuc cac sai sd nay, cac giai phap dugc dé ra bao gom:
Tang do chinh xdc khi gia cong co khi:

- Str dung may in 3D c6 d¢ phan giai cao dé in vo xe va gia d linh kién, han ché
sai sO lap ghép.

- T61 wu két cau khung xe dé gidm rung lac khi xe van hanh ¢ toc d6 cao hoac vao
cua.

Hiéu chinh lgi thudt toan PID:

- Tinh chinh céc thong sé P, I, D nham tang kha nang 6n dinh khi do line va giam
do I¢ch khi cua gap.

- Két hop PID véi thuat toan dy doan quy dao dé xur ly tot hon tai cac doan duong
cong phuc tap.

Cin bang téc dp hai dpng co:

- Sr dung encoder Qé do téc d6 thuc té tfrng bér}h Xe, tl‘; d6 diéu chinh PWM phu
hop cho tirng dong co nham dam bao xe di chuyén thang va 6n dinh hon.

Cdi thién nguon cdp va lgc nhiéu:

- Tang cudng module ngudn on ap 3.3V riéng biét cho LoRa dé tranh sut ap.
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- B sung tu loc va chdng nhidu cho mach diéu khién, dic biét tai cac diém giao
thoa giita cam bién siéu 4m, LoRa va vi diéu khién.
Téi wu vi tri va dp nhay cam bién:

- Hiéu chinh lai khoang céch gitra cac mét cam bién do line dé nhan dién tdt hon
cac doan line cong hodc bi dit quang.

- Gan cam bién siéu dm & vi tri ¢6 dinh, tranh bi rung lac, ting dJ chinh xac trong
phat hién vat can.

Ning cdp giao tiép V2V:
- Thiét 1ap lai cAu tric g61 tin LoRa dé dam bao do chinh x4c va giam do tré.

- Kiém tra va toi vu thudt todn truyén/nhan, tranh xung d6t khi truyén dong thoi
gilra hai xe.

Bé sung co ché phin héi l6i:

- Tich hgp LED bao trang thai hodc hién thi thong tin trén man hinh OLED d¢ dé
theo doi 101.

- Thiét lap ché d6 khoi phuc khi h¢ théng mat tin hiéu line hodc LoRa, giip xe
dung an toan va cho tai khoi dong.

Sinh vién thyc hién: Dang Minh Hiéu ~ Huéng dan: TS. Hoang Thang 125



Nghién ciru, thiét k& mo hinh xe théng minh sir dung céng nghé giao tiép V2V

KET LUAN

Trén day la ban bao cao Capstone Project voi dé tai “Nghién ciru, thiét ké mé
hinh xe thong minh sir dung cong nghé giao tiép V2V, Pay la mot dé tai mang tinh
thuc tién cao, phu hop voi xu thé phat trién cta thoi dai cong nghiép hoa, hién dai hoa
dat nuée, trong bdi canh cudc cach mang cong nghiép lan tht tu dang dién ra manh mé.
Sy canh tranh toan cau doi hoi viée nang cao nang suit va chit luong san phim thong
qua ing dung cac cong nghé ty dong va he thong thong minh.

Thong qua dé tai nay, em di c6 co hdi tiép can, nghién ciru va xay dung mot mod
hinh xe théng minh tich hgp ba hé théng chinh: hé thong do duong, hé thong do khoang
cach dé tranh vat can, va dac biét la cong nghé giao tiép V2V (Vehicle-to-Vehicle). Pay
13 nhirg nén tang quan trong trong viéc phat trién cac hé thdng giao thong thong minh
va xe tu hanh trong tuong lai. Cu thé, cac cong viéc da duoc thuc hién bao gom:

« Nghién ciu tong quan vé phuong tién thong minh va céng ngh¢ giao tlep V2V,

o Thiét ké mach dién cho hé théng mé hinh xe thong minh bang phin mém
AutoCAD;

« Dung md hinh 3D co khi bang phan mém Inventor;

« Tinh toan céac thong s6 co khi phu hop véi thiét ké thuc té;

« Tim hiéu nguyén 1y hoat dong va tich hop cac linh kién dién tir can thiét;

« Xay dung so d6 khdi chirc niang va so d6 nguyén 1y ctia hé thong diéu khién;

o Lap trinh diéu khién dé xe c6 thé tu do line, tranh vat can va nhan/giri tin hiéu

Thong qua qua trinh thyc hi¢n Capstone Project, em khdng chi van dung dugc cac
kién thirc chuyén mén da duoc dao tao tai Truwdomg Pai hoc Bach Khoa — Pai hoc Pa
Niing, ma con tich liy thém nhiéu k§ ning quan trong nhu: giai quyét van dé, tra ctru
tai liéu khoa hoc, viét bao cao va trinh bay két qua nghién ctru.

Em xin giri 101 cam on chan thanh dén thay TS. Hoang Thing, cung quy thay co
trong by moén Ki thudt 6 t6, da ludn tan tinh hudng dan, hd trg va tao diéu kién thuan
loi cho chiing em trong sudt qué trinh thyc hién dé tai.

Tuy nhién, do gidi han vé thoi gian ciing nhu kién thirc, dé tai hién tai mai chi giai
quyét duoc mot s6 khia canh co ban trong thiét ké va trién khai mo hinh xe thong minh.
Van con nhiéu van dé cin nghién ciru sau hon dé hoan thién va co thé ap dung rong rii
trong thyc tién, dic biét 1a trong linh vuc giao thong va nong nghi€p thong minh. Ching
em rat mong nhén dugc sy gop ¥, phan bién tir quy thdy c6 va cac ban dé co thé hoan
thién dé tai t6t hon trong tuong lai.

M6t 1an nira, em xin chan thanh cam on!
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PHU LUC

Code xe trudc:

#include <SoftwareSerial.h>

// Binh nghia chan dong co

#define MOTOR L 17

#define MOTOR L 26

#define MOTOR R 15

#define MOTOR R 24

// Pinh nghia chan cam bién line

const uint8 t SENSORS PIN[] = {A0, A1, A2, A3, A4};
// Cam bién siéu am

const int trigPin = §;

const int echoPin = 9;

// LoRa E32

SoftwareSerial loraSerial(2, 3); / RX, TX
const int MO = 10;

const int M1 = 11;

// PID parameters

float Kp = 20;

float Ki=0.0002;

float Kd = 12;

int P, I, D, PIDValue = 0;

float error = 0;

int lastError = 0;

bool isRunning = true;

bool isNoLine = false;

bool loraBlocked = false; // true néu nhan dugc STOP tir LoRa
// Tdc do dong co

const uint8_t maxspeeda = 220;

const uint8 t maxspeedb = 220;

const uint8 t minspeeda = 20;

const uint8_t minspeedb = 20;
Phu luc
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int lastSpeedA = 0;

int lastSpeedB = 0;

// Khoang cach an toan

const int safeDistance = 20;

// Gt LoRa khong 1ap lai lién tuc

unsigned long lastSendTime = 0;

String lastSignal ="";

/| ==== SETUP ====

void setup() {
pinMode(MOTOR_L 1, OUTPUT);
pinMode(MOTOR_L 2, OUTPUT);
pinMode(MOTOR_R 1, OUTPUT);
pinMode(MOTOR R 2, OUTPUT);
digital Write(MOTOR_L 1, HIGH);
digital Write(MOTOR _L 2, HIGH);
digital Write(MOTOR_R 1, HIGH);
digital Write(MOTOR_R 2, HIGH);
for (auto pin : SENSORS_PIN) pinMode(pin, INPUT);
pinMode(trigPin, OUTPUT);
pinMode(echoPin, INPUT);

pinMode(MO, OUTPUT);

pinMode(M1, OUTPUT);

digital Write(M0, LOW);

digital Write(M1, LOW); // Normal mode

loraSerial.begin(9600);
Serial.begin(115200);
delay(100);

)

/| ====LOOP ====

void loop() {

receive lora(); // Ludn kiém tra tin hiéu tir robot khéc
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if (loraBlocked) {
stop _motors();
return; / Bé qua toan bd néu bi chin tir xa
j
if (isRunning) {
read_sensors();  // Doc cam bién
caculate_pid();  //PID
motor_control();  // Diéu khién
send_lora_signal(); // Gui tin hi¢u
delay(10);
} else {
stop_motors();
if (check restart condition()) {
isRunning = true;
h
h
b
// ====DOC CAM BIEN LINE ====
void read_sensors() {
String sensorArray = "";

int sumSensor = 0;

for (auto pin : SENSORS PIN) {
int val = digitalRead(pin);
sensorArray += (char)(val +'0");
sumSensor += val;
b
1sNoLine = (sumSensor == 0);
Serial.println(sensorArray);
if (sensorArray == "00001") error = 5;
else if (sensorArray == "00111") error = 4;
else if (sensorArray == "00011") error = 3;
else if (sensorArray == "00010") error = 2;
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else if (sensorArray == "00110") error = 1;

else if (sensorArray == "00100" || sensorArray == "01110") error = 0;
else if (sensorArray == "01100") error = -1;

else if (sensorArray == "01000") error = -2;

else if (sensorArray == "11000") error = -3;

else if (sensorArray == "11100") error = -4;

else if (sensorArray == "10000") error = -5;

else if (sensorArray == "00000") error = lastError;

else if (sensorArray == "11111" || sensorArray == "10101") isRunning = false;

float distance = read_ultrasonic();
if (distance < safeDistance) isRunning = false;
}
/I ====DOC CAM BIEN SIEU AM ====
float read_ultrasonic() {
digital Write(trigPin, LOW);
delayMicroseconds(2);
digital Write(trigPin, HIGH);
delayMicroseconds(10);
digital Write(trigPin, LOW);
long duration = pulseIn(echoPin, HIGH);
float distance = (duration * 0.034) / 2;
return distance;
}
// PID
void caculate pid() {

P = error;
if (abs(error) < 6) I +=Ki * error;
D = error - lastError;
PIDValue =Kp * P+ 1+ Kd * D;
lastError = error;
b
// === PIEU KHIEN BONG CO ====
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void set motor(int speedA, int speedB) {

speedA = -speedA;

if (speedA > 0) {
speedA = constrain(speedA, minspeeda, maxspeeda);
digitalWritea(MOTOR_R 2, LOW);
analogWrite(MOTOR R 1, speedA);

} else {
speedA = constrain(speedA, -maxspeeda, -minspeeda);
digital Write(MOTOR_R 2, HIGH);
analogWrite(MOTOR R 1, 255 + speedA);

j

if (speedB > 0) {
speedB = constrain(speedB, minspeedb, maxspeedb);
digital Write(MOTOR_L 1, LOW);
analogWritea(MOTOR L 2, speedB);

} else {
speedB = constrain(speedB, -maxspeedb, -minspeedb);
digital Write(MOTOR L 1, HIGH);
analogWrite(MOTOR L 2, 255 + speedB);

b

h

void motor control() {
if (isNoLine) {
set_motor(lastSpeedA, lastSpeedB);
} else {
if (error < 0)
set_motor(maxspeeda, maxspeedb + PIDValue);
else
set_motor(maxspeeda - PIDValue, maxspeedb);
lastSpeed A = maxspeeda;
lastSpeedB = maxspeedb;

Phu luc



Nghién ciru, thiét k& mo hinh xe théng minh sir dung céng nghé giao tiép V2V

b

j

/| ==== DUNG PONG CO ====

void stop _motors() {
digitalWritea(MOTOR_R 2, HIGH);
digital Writea(MOTOR_R 1, HIGH);
digital Writea(MOTOR_L 1, HIGH);
digitalWrite(MOTOR L 2, HIGH);
delay(100);
digital Write(MOTOR _L 1, LOW);
digitalWritea(MOTOR L 2, LOW);
digitalWritea(MOTOR _R 1, LOW);
digital Write(MOTOR_R 2, LOW);

// === PIEU KIEN KHOI PONG LAI ====
bool check restart condition() {
float distance = read ultrasonic();

return (distance >= safeDistance);

}

/| ==== GUT TIN HIEU QUA LoRa ====
void send_lora_signal() {
float distance = read_ultrasonic();
unsigned long now = millis();

String currentSignal = (distance < safeDistance) ? "STOP" : "GO";

if (currentSignal != lastSignal || now - lastSendTime >= 200) {
loraSerial.println(currentSignal);
Serial.print("Sent via LoRa: ");
Serial.println(currentSignal);
lastSignal = currentSignal;
lastSendTime = now;
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// ==== NHAN TIN HIEU LoRa ====
void receive lora() {
if (loraSerial.available()) {
String message = loraSerial.readStringUntil("\n");
message.trim();

message.toUpperCase();

if (message == "STOP") {

loraBlocked = true;

Serial.println("Received STOP via LoRa — BLOCKED");
} else if (message =="GO") {

loraBlocked = false;

Serial.println("Received GO via LoRa — UNBLOCKED");
} else {

Serial.print("Received unknown: ");

Serial.println(message);

b
b
}

Code xe sau:

#include <Servo.h>

#include <SoftwareSerial.h>

// ==== Dinh nghia chan ====
#define MOTOR L 13
#define MOTOR L 26
#define MOTOR R 111
#define MOTOR R 25
#define TRIG_PIN 10

#define ECHO PIN 12
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#define LORA RX 2

#define LORA TX 4

#define LORA MO 8

#define LORA M1 7

SoftwareSerial loraSeria(LORA RX, LORA TX);
const uint8 t SENSORS PIN[] = {AO0, Al, A2, A3, A4};
// PID

float Kp = 14;

float Ki = 0.00005;

float Kd = 12;

int P, I, D;

int PIDValue = 0;

float error = 0;

int lastError = 0;

int isRunning = 1;

bool isNoLine = false;

/| ====Tb¢ 46 ====

const uint8_t maxspeedA = 160;
const uint8_t maxspeedB = 160;
const uint8 t minspeedA = 50;
const uint8 t minspeedB = 50;
Servo steeringServo;

int lastPIDValue = 0;

int lastSteeringAngle = 90;
String receivedCommand = "STOP"; // Mac dinh dirng khi chua ¢6 tin hiéu

void setup() {
// Bong co
pinMode(MOTOR L 1, OUTPUT);
pinMode(MOTOR L 2, OUTPUT);
pinMode(MOTOR R 1, OUTPUT);
pinMode(MOTOR R 2, OUTPUT);
stop_motor();
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// Cam bién do line

for (auto sensorPin : SENSORS PIN) {
pinMode(sensorPin, INPUT);

j

// Cam bién si€u am

pinMode(TRIG_PIN, OUTPUT);

pinMode(ECHO_PIN, INPUT);

// Servo

steeringServo.attach(9);

steeringServo.write(90);

// LoRa

pinMode(LORA MO, OUTPUT);

pinMode(LORA M1, OUTPUT);

digital Write(LORA MO, LOW);

digital Write(LORA_ M1, LOW); // Normal mode

loraSerial.begin(9600);

// Debug

Serial.begin(115200);

delay(100);

void loop() {

listen_lora(); // Nhan Iénh lién tuc

if (receivedCommand == "GO") {
read_sensors();
caculate pid();
steering_control();
motor control();

} else {

stop_motor();

}

delay(10);
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j
// ==== Nhan tin hi¢u tur xe truéc qua LoRa ====
void listen_lora() {
if (loraSerial.available()) {
receivedCommand = loraSerial.readStringUntil("\n');
receivedCommand.trim();
Serial.print("Received via LoRa: ");

Serial.println(receivedCommand);

}
b

void read_sensors() {
String sensorArray ="";
int sumSensor = 0;
for (auto sensorPin : SENSORS PIN) {
sensorArray += (char)(digitalRead(sensorPin) + 48);
sumSensor += digitalRead(sensorPin);
}
isNoLine = sumSensor == 0;
Serial.println(sensorArray);
if (sensorArray == "00001") error = 5;
else if (sensorArray == "00111") error = 4;
else if (sensorArray == "00011") error = 3;
else if (sensorArray == "00010") error = 2;
else if (sensorArray == "00110") error = 1;
else if (sensorArray == "00100") error = 0;
else if (sensorArray == "01110") error = 0;
else if (sensorArray == "01100") error = -1;
else if (sensorArray == "01000") error = -2;
else if (sensorArray == "11000") error = -3;
else if (sensorArray == "11100") error = -4;
else if (sensorArray == "10000") error = -5;
else if (sensorArray == "00000") {
if (isNoLine) {
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PIDValue = lastPIDValue;
return;
}
} else if (sensorArray == "11111" || sensorArray == "10101") {
isRunning = 0;
}

¥
void caculate pid() {

P = error;
if (abs(error) < 6) I += Ki * error;
D = error - lastError;
PIDValue=Kp * P+ 1+ Kd * D;
lastError = error;
lastPIDValue = PIDValue;
h
void steering_control() {
int steeringAngle = 90 + PIDValue * 0.8;
steeringAngle = constrain(steeringAngle, 53, 127);
steeringServo.write(180 - steeringAngle);
lastSteeringAngle = steeringAngle;
b
void motor_control() {
long distance = read_ultrasonic();
Serial.print("Distance: ");
Serial.println(distance);
if (distance < 20) {
stop_motor();
return;
)
int speedLeft = maxspeedA;
int speedRight = maxspeedB;
if (error < 0) {
speedRight += PIDValue;
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speedLeft -= PID Value;
} else {
speedLeft -= PIDValue;
speedRight += PIDValue;
h
speedLeft = constrain(speedLeft, minspeedA, maxspeedA);
speedRight = constrain(speedRight, minspeedB, maxspeedB);

set_motor(speedLeft, speedRight);
}
void set_motor(int speedA, int speedB) {
speedA = -speedA;
if (speedA > 0) {
speedA = constrain(speedA, minspeedA, maxspeedA);
digital Write(MOTOR_R 2, LOW);
analogWrite(MOTOR R 1, speedA);
} else {
speedA = constrain(speedA, -maxspeedA, -minspeedA);
digital Write(MOTOR_R 2, HIGH);
analogWrite(MOTOR R 1, 255 + speedA);
}
if (speedB > 0) {
speedB = constrain(speedB, minspeedB, maxspeedB);
digitalWrite(MOTOR L 1, LOW);
analogWrite(MOTOR L 2, speedB);
} else {
speedB = constrain(speedB, -maxspeedB, -minspeedB);
digital Write(MOTOR_L 1, HIGH);
analogWrite(MOTOR L 2, 255 + speedB);
b
j

void stop_motor() {
digital Write(MOTOR_R 1, LOW);
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digital Write(MOTOR_R 2, LOW);

digital Write(MOTOR_L 1, LOW);

digital Write(MOTOR_L 2, LOW);
}

long read_ultrasonic() {
digital Write(TRIG_PIN, LOW);
delayMicroseconds(2);
digital Write(TRIG_PIN, HIGH);
delayMicroseconds(10);
digital Write(TRIG_PIN, LOW);
long duration = pulseIn(ECHO_PIN, HIGH);
long distance = duration * 0.034 / 2;

return distance;
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