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LOI CAM ON
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han ché, kinh nghiém con it, cling nhu viéc van dung cac kién thirc di hoc vao thuc té
chua thuan thuc. Thé nhung, t6i ludn c6 duge su hd trg nhiét tinh tir quy thay co trong
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Quy Thay da giup tdi nhan ra nhitng han ché, khac phuc sai s6t, ¢6 nhitng cach lam,
budc di hop ly.

- Téatca Quy Théy C6 trong khoa Co khi Bong Luc tao diéu kién, hd tro kién thirc,

kinh nghiém cho t6i thuc hién dé tai.

TAi xin chan thanh cadm on !

Thuc hién

Ho Minh Dat



TOM TAT

Hé thong 14i dam nhan nhiém vy chuyén déi huéng chuyén dong cua xe theo sy diéu
khién cua tai xé. S& rat nguy hiém néu nhu khi tai xé danh l4i ma xe khong chuyén huéng
theo ¥ muén, diéu nay co thé dan dén tai nan va cham véi xe khéc hoic khdng thé tranh
duoc cac chuéng ngai vat trén duong. Do d6 viéc kiém tra hé théng lai rit duoc quan
tam trong céng tac bao dudng swra chira, gidp sém nhan ra cac hu hong khi né bi ro 1ong.
Vi sy quan trong nay nén viéc kiém tra do ro vo lang lai 1a mot trong nhitng hang muc
dang kiém bat budc trong quy trinh dang kiém xe co gidi. Tuy nhién hién tai viéc kiém
tra ndy con thuc hién mot cach thi cong chwa phan anh chinh xac két qua cua do ro. Vi
vay dé tai nay trinh bay két qua nghién ctru phuong an tu dong hoéa qua trinh xac dinh
d6 ro vo lang trong quy trinh dang kiém xe co gidi. Vi muc dich dua cac thiét bi ty
dong vao qua trinh dang kiém thay thé cho viéc thuc hién thi cong trude day nham ting
d6 chinh xac, tiét kiém thoi gian va giam thiéu yéu té chu quan caa con ngudi. Két qua
nghién ciru bude dau da dua ra duge phuong an kha thi trong khudn kho co sé ki thuat
cho phép. Phuong an dé& xuét duoc thir nghiém thanh céng trén xe hién hanh. Mic du
day chi 1 buéc dau nghién ciu va thir nghiém nhung sy thanh céng cua nghién cau haa
hen s& md ra mot quy trinh méi giai quyét mot sé bat cap trong qua trinh dang kiém xe
co gidi hién nay.

Tir khoa: Kiém dinh xe co gidi; d6 ro vo ling; quy trinh ding kiém; chan doan hé

thdng 14i; tu dong hoa trong diang kiém.



ABSTRACT

The steering system assumes the task of changing the direction of motion of the vehicle
according to the driver's control. It would be dangerous if the driver can not control the
direction of the vehicle as desired, this may result in a collision with another vehicle or
inability to avoid obstacles on the road. Therefore, the inspection of the steering system
IS very important in the maintenance and repair activity, helping to detect the damage
soon when it is loose. Because of this importance, the inspection of the steering wheel
free play is one of the mandatory registration items in the vehicle registration process.
However, the current method of measuring free play at the registries is completely
manual, it does not accurately reflect the measurement results of the steering wheel free
play. Therefore, this article presents the result of the research proposal for automation of
the process of determining the steering wheel free play in the vehicle registration
process. For the purpose of bringing automated devices into the registration process in
order to increase accuracy, save time and minimize the human subjective factors. Initial
research results have provided a feasible solution within the framework of the
permissible technique. The research proposal was successfully tested on the current
vehicle. Although it is just the beginning of test and research, the success of the research
promises to open up a new process to solve some of the shortcomings of the current

vehicle registration.

Keywords: vehicle inspection; steering wheel free play; registration process; steering

system diagnosis; automation in the registry.
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Chuong 1
TONG QUAN

1.1 Ly do chon dé tai

Hé thong lai dam nhan nhiém vu chuyén déi huéng chuyén dong cua xe theo sy diéu
khién cua tai xé. S& rat nguy hiém néu nhu khi tai xé danh l4i ma xe khong chuyén huéng
theo y mudn, diéu nay cé thé dan dén tai nan va cham véi xe khéc hoic khong thé tranh
duoc cac chuéng ngai vat trén duong. Do d6 viéc kiém tra hé théng 1ai rat duoc quan
tdm trong cong tac bao dudng stra chira, gidp sém nhan ra cac hu hong khi no bi ro long.
Vi sy quan trong nay nén viéc kiém tra o ro vo lang lai 1a mot trong nhitng hang muc
dang kiém bat budc trong quy trinh ding kiém xe co gii. Tuy nhién hién tai viéc kiém
tra ndy con thuc hién mot cach thi cong chua phan anh chinh xac két qua cua do ro. Vi
vay dé tai nay trinh bay két qua nghién ctu “Thiét ké, ché tao mé hinh do dé ro vo
ling tw dong”. Vi muc dich dua céc thiét bi ty dong vao qua trinh dang kiém thay thé
cho viéc thuc hién thi cong trude day nham ting do chinh xac, tiét kiém thoi gian, giam
thiéu yéu té chu quan cia con ngudi va tao budc dém trong toan bo qua trinh tu dong
hoa ding kiém, gop phan giam chi phi nhan luc, ting sy chinh x4c trong qua trinh ding
kiém.

1.2 Tinh hinh nghién ciru trong va ngoai nuwéc

Trén thé gigi hién da co mot s6 nghién ctiru vé hé thong lai trén xe 6 t6. Nhu nghién ctu
cua Dariusz Zardecki (2011) [1] d4 chi ra anh hudéng cua do ro vo lang ddi véi hé théng
l4i c6 tro lyc. Dé tai ciia Johan Svensson (2015) [2] nghién ciru vé hé théng xac dinh goc
danh l4i cta xe. Tuy nhién van chua c6 nghién cira nao dé cap dén viéc xac dinh do ro

vo lang bang hé thdng tu dong.



Hién tai, & Viét Nam van chua c6 nghién ciru vé cac hé théng kiém tra d6 ro cua vo ling
6 t0 va qua trinh x4c dinh d6 ro vo lang van dugc thuc hién hoan toan bang thu cong, do

chinh x4c chua cao va phu thudc rat nhidu vao yéu té con ngudi.

Viéc do dg ro nay dugc thuc hién khi xe diing yén, trén nén phéng, col banh xe bi khoa

ctng khong di chuyén [3]

e Sir dung vanh dé quat c6 thang chia d6 (c6 thé két hop véi luc ké) hay bang cam
nhan truc tiép cua nguoi kiém tra dé do do ro vanh 14i

e (Ga vanh dé quat 1én 6ng boc truc tru lai.

e Kep kim chi Ién vanh tay lai.

e D6 xe ¢ noi bang phang va cac banh xe ¢ vi tri di thang.

e Quay nhe vanh tay lai hét mirc vé bén phai dé khtr hét d6 ro, xoay bang chia do
dé kim chi & vi tri s6 0. Sau d6 xoay nhe vanh tay 1ai hét mirc bén trai dé khir hét
d6 ro ty do. Hanh trinh ty do cua nhitng xe con tét khoang (10+15°) véi nhiing
xe di cii <25°. Néu gi4 tri do dugc khong dang véi nhirng gi tri trén ta phai tién
hanh kiém tra va diéu chinh tirng b phan trong hé théng lai. Luc kéo phai duoc

dit theo phuong tiép tuyén véi vong tron vanh lai.

Hinh 1.1: Kiém tra 6 ro ngang cua vo ling



1-Vanh tay lai.

2- Kim cua dung cu do.

3- Vanh dé quat c6 thang chia d6 cua dung cu do.

4- Truc tru lai

e Néu hé théng c6 tro luc thi dong co phai nd may & sd vong quay nho nhat.

e Giatri luc kéo dé do d6 ro tuy thudc vao loai xe

1.3 Muc tiéu nghién ctru

Thiét ké va ché tao phan co khi mé hinh do d6 ro vo lang.

Thiét ké va lap trinh cho hé théng diéu khién.

Tién hanh thuc nghiém, do dat gia tri 46 ro vo lang thyc té trén mot s6 mau xe trén
thi trudng va phan tich sé liéu.

Bién soan tap thuyét minh mot cach cé hé théng, khoa hoc vé co so ly thuyét,
nguyén tic diéu khién, ciu tao va hoat dong cia md hinh hé théng do do ro vo liang

tu dong.

1.4 Phwong phap nghién ciru

Két hop nhiéu phuong phap, trong d6 c¢6 cac phuong phap chinh nhu:

Phuong phap nghién ctu ly thuyét.

Tham khao tai liéu mét cach chon loc cac bai bao khoa hoc.
Phuong phap khao sat d6i tuong.

Phuong phap 1ap trinh vi xir ly.

Phuong phap thuc nghiém va xu Iy s6 liéu.

1.5 Pham vi &ng dung

Ung dung viéc ty dong hoa do do ro vo lang & tram dang kiém, dé tai cling la co sé cho

cac nghién cau vé ty dong hoa céc qua trinh khac trong dang kiém 6 t6 & Viet Nam.



Chuong 2
COSOLY THUYET

2.1 Nhitng nguy co tai nan khi hé thong 14i bi ro

Hé thdng lai 1am nhiém vu d6i huéng chuyén dong theo su diéu khién cua tai xé. Néu
d6 ro ciia hé thong 1ai qué 16n, thi mic du tai xé da danh 1ai nhung banh din huéng van
khong phan Gmg, nén c6 thé dan dén va cham véi xe khac, khong thé tranh chudng ngai

vat,..

Pbi voi hé thong 1ai con tot, goc ro vo lang khi xe dimg yén trong tu thé di thang s&
khong qua 10 - 15 d6 vé& mdi phia. O trang thai d6, chi can luc nhe 13 ¢6 thé lam quay vo
lang. B¢ quay tiép, ban s& can luc manh hon va khi d6 banh din hudng sé& d6i hudng
theo. Nhung néu goc quay tu do qué 16n, hé thdng 1ai di bi ro. Diéu khién banh dan

huéng ctia xe khong con chinh xac nhu trude, c6 thé dan dén mat 14i gay tai nan.

2.2 Nguyén nhan din dén dd ro vo ling

e Khop truc truc lai bi mon.
e Mon thanh rang thudc lai.
e (o khi lot vao duong diu cta hé théng tro Iuc lai (déi voi trg luc thuy luc).

e Dau rotyn bi mon.
2.3 Kiém tra va khic phuc @9 ro v ling
Sau khi kiém tra néu xe c6 do ro v6 lang 16n hon tiéu chuan thi can phai dua xe dén hang

dé bao dudng nhu sau:

e Kiém tra bén ngoai cac bo phan: Vanh (vo lang) lai, truc tay lai, hop tay lai va
dan dong lai. Kiém tra su ro ri dau, tinh trang m& boi tron cua cac khép cau, tinh

trang cua cac bu 16ng 1ap ghép cac chi tiét trong hé théng.



e Kiém tra dau tro luc lai hoic dau béi tron co cau lai.

e Lam sach, vd dau m& cho céc chi tiét caa thanh don dan dong 14i, cac dang lai.
e Kiém tra, siét chat cac méi lap ghép cua hé thong.

e Kiém tra va diéu chinh d6 ro gbc cua vo ling 14i.

e Kiém tra va diéu chinh d6 ro hudng kinh cua vo ling 14i.

e Kiém tra va diéu chinh day dai truyén dong bom tro lyc lai.

e Kiém tra d6 ro cua bac va chét chuyén huéng.

e Kiém tra va diéu chinh d6 ro cua co cau lai.

Sau khi bao dudng xong c6 thé mang xe dén tram diang kiém dé dang kiém lai.
2.4 Giéi thiéu thuc hién do dd ro vo ling trong ding kiém xe co gi6i [4]

Kiém tra d6 ro v6 lang nam & phan vo ling 1ai, budc kiém tra hé thng lai, trong quy
trinh dang kiém xe 6 t6 do Bo Giao thong van tai ban hanh kém trong phu lyc I, theo
Thong tu s6 70/2015/TT-BGTVT ngay 09 thang 11 nim 2015 cta Bo truong Bo Giao
théng van tai. Noi dung kiém tra nhu sau: Cho dong co hoat dong néu co tro luc lai, dé
banh xe din huéng ¢ vi tri thang, quay vé ling lai vé hai phia voi diéu kién khdng 1am
dich chuyén banh xe dan huéng, do hanh trinh tw do. Néu sy dich chuyén caa mot diém
trén vo lang 1ai vuot qua 1/5 dudng kinh vo lang 14i thi thudc dang khuyét diém, hu hong
quan trong, xe co gii khong duoc cap Gidy chirng nhan kiém dinh, phai stra chita cac

hu hong dé kiém dinh lai.



2.5 Nguyén ly cia viéc do do ro vo lang
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Hinh 2.1: Nguyén 1y do d6 ro vo lang
Nguyén 1y do dua trén co so phan tich su dich chuyén quay vong ciia cip banh ring rang
thang in khop trong. Theo hinh trén, diém B 13 tim ciia banh rang cha dong duoc gitr ¢d
dinh. Khi banh ring chu dong quay nguoc chiéu kim dong ho s& 1am diém A caa banh
rang bj dong dich chuyén sang trai. Khi banh riang cha dong ding quay, diém A trén
banh ring bi dong s& c6 mot vi tri mai 1a diém A’. Tuong (ng Vi diém A’ nay thi tim
B cta banh ring cha dong s& c6 mot diém tam ao méi 1a diém B’. Tiép theo, khi béanh
rang chi dong quay nguoc lai (theo chiéu kim ddng hd), diém A’ trén banh ring bi dong
s& dich chuyén sang phai, khi banh rang chii dong dirng quay thi né ding ¢ diém A’’. Ta

cling c6 diém B’ twong tng 1a diém tdm 40 cua banh ring cha dong.

Tircac diém A’ va A’ trén, ta tinh ra chiéu dai M cua vong cung A’A”’, gia tri goc quay
¢, chiéu dai L caa day cung A’A”’. Trong d6 L 1a khoang dich chuyén ciia tim a0 banh
rang bi dong. Mat khac, ta cling ¢ gia tri kich thudc duong kinh D di qua tam cua banh
rang bi dong trén co sé két cau cua cip banh rang nay. Ty sb gitra L/D 14 gié tri dé danh

gia do ro vo lang lai.



Nhu vay, v6i nguyén 1y do trén, gia tri ma ta di tinh dwoc (L/D) dé danh gia do ro vo
lang 1ai hoan toan khong phu thudc vao kich thudc I6n hay nhé cia duong kinh vo lang,
bai vi ty sb gitra day cung va duong kinh 14 gié tri khong d6i khi c6 ciing mot goc quay
Q.

Theo qui dinh cua Bo Giao théng van tai sy dich chuyén caa mot diém trén vo ling lai

khong duoc vuot qua 1/5 dudng kinh vo lang 14i, tc ty sé gitra L/D < 1/5.
Gia su ta co:

Banh réng bi dong
™~

Banh rdng cha dong

Hinh 2.2: Su di chuyén ctia mot diém

Ap dung hé thirc luong trong tam giéc ta co:
(e = L
sin (2) =7 (2.1)
Mat khac theo quy dinh thi L/D < 1/5. T d6 ta c6:
sin (f) <1-02
2 5

@ <23°



Nhu vay dé danh gia d6 ro vo ling thi chiing ta chi can xac dinh duoc goc quay ¢ cua
v6 lang, sau khi do xong néu goc ¢ < 23° thi phi hop véi quy dinh cua Bo Giao thong
van tai.

2.6 Gigi thiéu vé mach diéu khién Arduino Nano, mach cau H, cam bién gia téc,
cam bién siéu &m, cam bién laser, man hinh LCD va modul 12C, encoder

2.6.1 Gidi thiéu vé board Arduino Nano

Arduino thyc sy da gay séng gio trén thi truong nguoi ding DIY (1a nhitng ngudi ty ché
ra san pham ctia minh) trén toan thé gigi trong vai ndm gan day, gan gidng véi nhiing gi
Apple d3 lam duoc trén thi truong thiét bi di dong, sé lwong ngudi ding cuc 16n va da
dang véi trinh d6 trai rong tir bac pho thong 1én dén dai hoc di 1am cho ngay ca nhitng
ngudi tao ra chiing phai ngac nhién vé mic do pho bién. Arduino 1a gi ma c6 thé khién
ngay ca nhitng sinh vién va nha nghién cau tai cac truong dai hoc danh tiéng nhu MIT,
Staniord, Camegie Mellon phai sir dung; hoic ngay ca Google ciing mudn hd tro khi cho
ra doi bo kit Arduino Mega ADK dung dé phat trién cac tng dung Android twong tac
vai cam bién va cac thiét bj khac?

Arduino that ra 1a mot bo mach vi xir Iy dwgc dung dé lap trinh tuong tac voi cac thiét
bi phan ctng nhu cam bién, dong co, dén hoac cac thiét bi khac. Pac diém ndi bat cua
Arduino 12 méi truong phét trién ung dung cuc ky dé st dung, véi mot ngdn ngir 1ap
trinh ¢6 thé hoc mot cach nhanh chéng ngay ca véi nguoi it am hiéu vé dién tir va lap
trinh. Va diéu lam nén hién twong Arduino chinh 1a muc gié rat thap va tinh chat ngudn
mé tir phan cing toi phan mém. Chi véi khoang $30, nguoi dung da c6 thé s¢ hitu mot

board Arduino c6 20 ngd 1/0 c6 thé twong tac va diéu khién ching Ay thiét bi.

Arduino ra doi tai thi tran lvrea thudc nuéc Y va duge dit theo tén mot vi vua vao thé
ky tht 9 1a King Arduin. Arduino chinh thirc dugc dua ra gidi thiéu vao nam 2005 nhu
la mot cong cu khiém tén danh cho céc sinh vién cia gido su Massimo Ranzi, 1a mot

trong nhitng ngudi phat trién Arduino, tai truong Interaction Design Instistute Ivrea



(ID1). Mic du hau nhu khong duoc tiép thi gi ca, tin terc vé Arduino van lan truyén voi
téc do chéng mat nho nhitng 10i truyén miéng tét dep cua nhitng ngudi dung dau tién.
Hién nay Arduino néi tiéng téi ndi co6 ngudi tim dén thi tran lvrea chi dé tham quan noi

da san sinh ra Arduino.

Board Arduino Nano c6 ciu tao, sé lwvong chan vao ra 1a twong ty nhu board Arduino
Uno tuy nhién di duoc tdi gian vé kich thuéc cho tién sir dung hon. Do dugc tbi gian rat
nhiéu vé kich thuéc nén Adruino Nano chi duoc nap code va cung céap dién bang duy
nhat 1 cong mini USB.

GND RXD
Microcontroller lRST lTXD

(ATMEGA328P) Cor i

SMD Cystal
(16MHz)

RST RXO TXl v
S i1 X LED(White)

Mini-B -
e 1 RX LED(Red)
Jack cl@ @
AT Power(Blue)
Analog ,L—L.—. Pin13 LED
Reference D VIN (Yellow)
Digital Pin 13 .o 0
3.3V Output

RESET Button

RST Vin (150gf)

Hinh 2.3: So dd chan trén Adruino Nano

Thong sb k¥ thuat cua mach Arduino Uno R3:
- Vi diéu khién ATmega328 (ho 8bit)
- bién &p hoat dong: 5V — DC
- Tan sb hoat dong: 16 MHz
- Dong tiéu thu: 30mA
- Dbién ap vao giagi han: 6-20V — DC
- S6 chan Digital 1/0: 14 (6 chan PWM)
-S4 chan Analog: 8 (d6 phan giai 10bit)


https://www.google.com.vn/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjch4-FserXAhVEKJQKHYi-Dr8QjRwIBw&url=http://www.esshop.vn/board-arduino-nano-r3&psig=AOvVaw1ufB5uNChbJLgL99jaLto3&ust=1512271635270071

- Dong tdi da trén mdi chan 1/0: 40 mA
- Dong ra tbi da (5V): 500 mA

- Dong ra tbi da (3.3V): 50 mA

- B0 nhé flash: 32 KB (ATmega328)

- SRAM: 2 KB (ATmega328)

- Kich thudc: 1.85cm x 4.3cm

2.6.2 Gidi thiéu module cau H VNH2SP30 30A

Voo
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Hinh 2.4: So d6 mach dién module cau H VNH2SP30

Thong s6 k¥ thuat module cau H VNH2SP30:
- Dién 4p hoat dong : 5.5 - 16VDC
- Dong dinh : 30A
- Dong lién tuc : 14A
- Current sense ( chan do dong ) : c6 thé két ndi chan Analog cia Arduino dé do
- Tro khang ndi cia MOSFET : 19mQ
- Tan sb bam xung tdi da : 20kHz

- Bdo v¢ qua nhiét va qua ap.
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Luu y: Mach hoat dong di¢n ap t6i da 16V, Néu cép dién ap cao hon, mach khong hu,

khi d6 ché d6 bao vé qué ap s€ hoat dong mach bi ngét tam thoi ngét mach.

Hinh 2.5: Module ciu H VNH2SP30

2.6.3 Gii thiéu vé cam bién gia téc MPUG050
Cam bién gia tbc GY-521 6DOF IMU MPU6050 duoc sir dung dé do 6 thong s6: 3
truc GGc quay (Gyro), 3 truc gia téc husng (Accelerometer), 1a loai cam bién gia toc

phd bién nhét trén thi trudng hién nay.

Hinh 2.6: Cam bién MPU6050
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Théng sb ki thuat cam bién gia téc MPU6050:

Chip: MPU-6050 ( 16bit ADC, 16bit data out )

Gia tri Gyroscapes trong khoang: +/- 250 500 1000 2000 degree/sec
Gia tri Acceleration trong khoang: +/- 2g, +/- 4g, +/- 89, +/- 169
Giao tiép: 12C

Nguén sir dung: 3V - 5V (DC)

2.6.4 Gi6i thiéu vé cam bién siéu am US-015

Cam bién siéu am 12 mét trong sé nhitng cam bién dugc tng dung nhiéu nhat, trong cac
linh vuc thong thudng nhu robot, mé hinh hay dén nhimng linh vuc chuyén dung nhu do
d6 sau, quét dia hinh ddy bién, do d6 day bé tdng trong xay dung hoic cac tng dung
trong quan su,...

Hinh 2.7: Cam bién siéu am US-015

Cau tao caa né gdom 3 phan:

Phan phat tin hiéu: Cac dau phat va dau thu siéu &m 1 cac loa gém duoc ché tao
dic biét, hoat dong phat siéu am c6 cudng d6 cao nhat & mot tan s6 nao do6 (thuong
la 40kHz cho cac ung dung do khoang cach). Céc loa nay can ¢ nguon tin hiéu
diéu khién c6 dién ap cao mai phat tét duoc (theo datasheet thi 12 ~ 30V). Chinh
vi vay trong phan phat, phan dém cong suat sir dung mot con MAX232 1am nhiém
vu dém. N6 s& Iy tin hiéu tir bo diéu khién, khuéch dai bién do 1én +/-30V cung

cap cho loa gém. Dé tiét kiém nguén cho module cam bién, phan cip dién cho
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MAX232 duge diéu khién thdng qua mot transitor PNP, khi khdng hoat dong, bo
diéu khién s& 1am cho transitor nay ngung dan, han ché tiéu thy dong.

- Phan thu tin hiéu: Khi loa gém lam dau thu (loa nay duoc ché tao chi nhay véi
mot tan sb nao d6- 40KHz) thu dwgc s6ng sidu am, nd s& phat ra mot dién thé
gitra hai cuc. Pién thé nay 1a rat nho, vi vay nd dugc dua qua mot OPAM, & day
la TLO72 (Mot s6 module sir dung LM324,...). Tin hiéu nay lién tuc dugc khuéch
dai bién d6 va cudi cing 1a dwa qua mot bo so sanh, két hop véi tin hiéu tir bo
diéu khién dé dwa vé bo didu khién thdng qua mét transitor NPN.

- Phan xt ly, diéu khién thuong sir dung mot vi diéu khién (PIC16F688, STC11,...)
lam nhiém vy phat xung, xt ly tinh toan thoi gian tir khi phat dén khi thu dugc
so6ng siéu am do nd phét ra néu nhan dugc tin hiéu TRIG. Bé do khoang céch, ta
s& phat mot xung rat ngan (5 microSeconds - us) tir chan Trig. Sau d6, cam bién
s& tao ra 1 xung HIGH ¢ chan Echo cho dén khi nhan lai duoc séng phan xa & pin
nay. Chiéu rong cua xung sé bang vai thoi gian séng siéu am duoc phat tir cam
bién va quay tro lai. Toc d6 cua am thanh trong khong khi 1a 340 m/s (hang s6
vat 1y), tuong duong véi 29,412 microSeconds/cm (106 / (340*100)). Khi da tinh

duoc thoi gian, ta s& chia cho 29,412 dé nhan dugc khoang céach.
Thong s6 ki thuat cam bién siéu &m US-015:

- bién 4p lam viéc: 5 [VDC]

- Nhiét @6 lam viéc: 0 ~ 70 [°C]

- Goéccamung: < 15[°]

- Pham vi phét hién: 2 ~ 700 [cm]

- Phét hién d6 chinh xac: 0,3 + 1%[cm]
- Kich thudc cam bién: 45x20x1,6[mm]
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2.6.5 Giéi thiéu cam bién khoang cach ToF Laser Radar VL53L0X

Hinh 2.8: Cam bién do khoang cach ToF laser radar VL53LOX
Cam bién do khoang cach laser 1a mot trong sé nhitng cam bién dugc tng dung nhiéu

nhét, trong cac linh virc thong thuong nhu robot, mé hinh hay dén nhiing linh vuc chuyén
dung nhu do do siu, quét dia hinh day bién, do d6 day bé tdng trong xay dung hoic cac

tng dung trong quéan su,...

Cam bién mic tia laser c6 nguyén Iy hoat dong don gian, tuong tu nguyén Iy hoat dong
ctia cam bién do muc song siéu am. Nhung thay vi diing toc do ciia Am thanh dé xac dinh
khoang cach, loai cam bién nay dung toc d6 cua anh sang dé xac dinh mac. Cam bién
laer dugc dit & mot vi tri ¢b dinh va phat mot tia laser dén bé mit cua vat thé. Tia nay bi
doi nguoc lai ti bo phat hién cua cam bién. Mach dién dinh thoi do thoi gian di cua tia
laser tir d6 tinh toan ra khoang cach tir cam bién dén vat thé. Loi thé cua tia laser 1a
khéng bi phan tan, khéng bi anh huéng bai 4m thanh va duoc truyén thang qua khong
Khi.

Thong sb ki thuat cam bién ToF laser radar VL53LOX:

- Model: ToF Laser Radar VL53L0X

- Dién &p str dung: 2.8~5VDC

- Dong str dung trung binh: luc hoat dong 20mA, Iuc nghi 6uA.
- Phuong phéap do khoang cach: Tia Laser.

- Khoang céach do trung binh:
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o Trong nha: Nén mau tring: 200cm+, cac mau khac: 80cm.
o Ngoai troi: Nén mau trang: 80cm, cac mau khéc: 50cm.
- Sai sd so véi khoang cach do thuc té +/- 3% .
- Dang tin hiu tra vé: 12C muc TTL 3.3~5VDC.
- Kich thude: 10.5 x 13.3 mm
2.6.6 Gidi thiéu LCD 20x4 va module 12C

#ctkBLUYD ITSPLAY - COMk
*28nd—-CHARACTER-LCD:+

kA E RS TR 15 L MGk
+*ERM2604—-2 SERIESH#k:k

Hinh 2.9: Man hinh LCD 20x4
Chtre nang cac chan:

- VSS: twong duwong véi GND - cuc am.

- VDD: twong duong vai VCC - cuc duong (5V).

- Constrast Voltage (Vo): diéu khién d¢6 sang man hinh.

- Register Select (RS): diéu khién dia chi nao s& duoc ghi dit liéu.

- Read/Write (RW): Ban sé doc (read mode) hay ghi (write mode) dir li¢u? NO s€
phu thudc vao ban gui gia tri gi vao.

- Enable pin: Cho phép ghi vao LCD.

- DO - D7: 8 chan dir liéu, mdi chan sé& co gia tri HIGH hoic LOW néu ban dang &
ché a6 doc (read mode) va né s& nhan gia tri HIGH hoic LOW néu dang & ché
do ghi (write mode).

- Backlight (Backlight Anode (+) va Backlight Cathode (-)): Tat bat dén man hinh
LCD.
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Nhan thdy module LCD c¢6 nhiéu chan ciam nén ti str dung thém module 12C dé sir
dung LCD trén Adruino chi véi 2 chan cam.

Hinh 2.10: Module 12C

Module I2C duogc tao ra dé giip module LCD giao tiép d& dang vai Board qua chuan
I2C, nén chi can han cac chan hai module lai v&i nhau. 12C 13 tén viét tat cua cum tur

Inter-Intergrated Circuit. Pay 1a duong Bus giao tiép giita cac IC véi nhau. 12C sir dung
hai duong truyén tin hiéu:

- Mot dudng xung nhip ddng hd (SCL) chi do Master phat di (théng thuong &
100kHz va 400kHz. Muc cao nhét 1a 1Mhz va 3.4MHz).
- Mot duong dir li¢u(SDA) theo 2 hudng.

o

SDA
—t SCL —l SCL —l SCL
SDA SDA SDA
Master Slave 1 Slave 2

Hinh 2.11: Cac IC giao tiép v6i nhau qua chuan 12C
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Hinh 2.12: Sau khi d3 han cac chan cau LCD v&i module 12C

2.6.7 Gigi thiéu vé incremental rotary encoder

Pau tién 13 incremental rotary encoder dung dé xac dinh goc quay, toc d6 hay quéng
duong cua mot dia quay c6 thé 1a banh xe, truc dong co hay vo lang...Incremental rotary
encoder bao gom cac bo phan co ban 1a ngudn phat (dén led), cam bién (photosensor),
dia quay gdm mot dai bang tao xung, trén ddy bang nay dugc chia ra 1am nhiéu 15 bang

nhau va cach déu nhau.

Hinh 2.13: Incremental rotary encoder va dia quay
Khi dia quay quay qua mét 16 thi photosensor nhan dugc tin hiéu tir dén led chiéu qua
thi encoder s& tang 1én mot gia tri trong bién dém. Chang han nhu v6i dia ma hoa gom
360 13, khi dia quay qua 90 15 thi photosensor nhan duoc 90 lan tin hiéu do d6 bién dém

s& tang 1én 90, tir d6 ta biét dugc dia di quay dugc mot goc 13 90 do.
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Hinh 2.14: Nguyén ly hoat dong cua incremental rotary encoder
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Hinh 2.15: Tin hiéu incremental rotary encoder xuat ra

Pé xac dinh chiéu quay, incremental rotary encoder khi quay xuét ra hai xung A va B
léch pha nhau 90° nhu hinh trén, khi xung A dang tir muc logic cao xudng muc logic
thiap ma lic d6 xung B dang & mirc logic thap thi 1a quay cing chiéu kim dong hd, khi
xung A dang tir mtc logic cao xuéng mac logic thip ma luc d6 xung B dang & mac logic
cao thi 13 quay nguoc chiéu kim dong ho. Mot s6 incremental rotary encoder con c¢é thém

pha Z dé phéat hién encoder di xoay dugc mot vong dé ngudi st dung biét dugc co sai

s6 hai pha A va B trong qué trinh d¢ loai trir.

2.7 So' @6 khdi hé théng hé thong do dd ro vé ling tu dong

Ap dung tir nguyén 1y do thu cong nhu trén, toi dé ra phuwong an sir dung dong co dién

mét chiéu lam quay vo ling quanh tryc tim vo lang 14i, sir dung cam bién do goc 13p trén
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truc dong co dé xac dinh gdc quay ¢ cua vo lang, sir dung cam bién dé xac dinh su dich

chuyén cua banh xe.

Hinh 2.16: So 6 khéi hé thong

Theo nhu so d6 khdi mé phong trén, cam bién do goc quay (& day t6i ding encoder) s&
kiém so4t goc quay cua vo ling sau d6 giri vé gia tri goc ban dau cho bo xir Iy. Cam bién
phat hién dich chuyén banh xe (cam bién do khoang cach bang laser) s& phat hién chinh
xac su dich chuyén ctia banh xe dé tir d6 bo xur 1y (Arduino) co thé diéu khién motor dan
dong kéo vo lang mot cach chinh xac. Cudi cung, thong tin do dugce tir bo xir 1y s& hién

thi trén man hinh LCD.

Khi quy trinh do kiém bt dau, b diéu khién s& diéu khién motor quay vo ling sang tréi,
cam bién phat hién sy dich chuyén ciia banh din hudng s& bao vé bo xur 1y khi banh xe
c¢6 su dich chuyén va bo xtr Iy s& diéu khién motor dan dong dung lai (1an tht nhat).
Pong thoi, cam bién do goc s& xac nhan goc ban dau 1a 0°. Sau d6, motor dan dong kéo
v ling dugc didu khién quay sang phai. Néu cam bién phat hién c6 su dich chuyén cta
banh xe thi giri tin hiéu dé bo xur 1y didu khién motor din dong dimg lai. Géc quay vo
lang s& duoc cam bién do goc do tir luc motor dan dong dirng lai 1an thir nhét t6i khi

dimg 1an hai. Va d6 ciing 1 goc quay tu do cta vo ling hay con goi 1a d6 ro cua vo ling.
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Chuong 3

THIET KE CO CAU GA LAP PO KIEM PO RO VO
LANG TU PONG
3.1 Thiét ké co cdu gia do

Co ciu gia d& duoc bit cing véi nén nha dé han ché tbi da su rung lic, va dam bao do
ctrng virng trong qua trinh hoat dong. Vi vay, toi thiét ké 1am dic cac 6ng sat 40x80mm
bang bé tong dé tiét kiém chi phi, sau d6 ga 1én phan mit khung dé dam bao do cling

virng cta hé thong, giam tdi thiéu sai s6 khi hé théng hoat dong.

Vé&i mdi dong xe, chiéu cao tir mat dat dén vo lang thuong khdng giéng nhau. Chinh vi
vay, co cu gia d& doi hoi phai c6 kha nang thay ddi chiéu cao dé dap g dugc nhu cau
cua tat ca cac dong xe, céc loai xe khi vao kiém tra. Hon nita, dé thuan tién cho kiém
dinh vién trong qua trinh dua xe vao vi tri Kiém tra co cdu ciing can phai c6 kha niang
dich chuyén theo phwong ngang. Véi nhitng yéu cau do, toi da suy nghi va tién hanh
thiét ké mot co cau vai hai bac tu do theo phuwong thang dimg va phuong ngang. Str dung

vit van dé cd dinh gia d& khi thay doi vj tri.
3.1.1 Vat liéu thiét ké

1 Thanh sat hop 40x40mm, chiéu dai 800mm, day 1.8mm

1 Thanh sat hop 40x40mm, chiéu dai 900mm, day 1.8mm

2 thanh sat 40x20mm, chiéu dai 625mm, day 2mm

4 thanh sat 40x20mm, chiéu dai 520mm, day 2mm

1 thanh st trong duong kinh 3.5mm, chiéu dai 670, ddy 2mm
1 thanh sat trong duong kinh 3mm, chiéu dai 500, day 2mm
4 bulong — 4 dai 6¢ duong kinh 8mm

1 hop sat 82x42, chiéu dai 250, day 1.8mm

3 banh xe c6 khoa
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3.1.2 Thiét ké md phéng co cau trén SolidWorks
—-—.5/2-——|

523.4(

Hinh 3.1: Hinh chiéu 3 mit cua gia d&

1- Truc trugc ngang

2- Truc ngang ¢ dinh

3- Truc truot doc

4- Truc doc ¢ dinh

5- Vit cb dinh truc

6- Banh xe

7- Vit do gia dong co dién

8- Hop gitlr truc trugt

Hinh 3.2: Co ciu gia & mo phong
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3.2 Thiét ké co cAu v ling

Pé co ciu ga vao vo lang c6 thé giir chat va 1am quay vo ling trong qué trinh dong co
dién cung cAp momen xoan, t6i tién hanh thiét ké mot co cau 3 cham, goc giita mdi cham
bang 120°, sir dung 3 bulong dé ép chit vao vanh lai, trén dau mdi bulong déu c6 gan
cao su dém dé tranh gay tray xudc doi voi vo lang. Chinh giita tim, t6i ding phoi nhom
tién thanh mot dia tron nhu hinh dé c6 thé ¢ dinh 3 thanh sét ga vo ling bang bulong va

c6 thé dinh tdm chinh x4c.

— —

Hinh 3.3: B phéan dinh vi co cdu ga vo ling

Dé ¢ thé ndi co cdu vao truc cua dong co, tdi dung phdi nhom tién thanh bd phan nhu

hinh 3.4.

Chinh gitra bdailald co duong kinh cung véi duong kinh cuia tryuc dong co di¢n va dugc
gin ddng truc v6i dong co, cd dinh bang bulong. Str dung mot bac dan c6 gia dd, quay
tron so voi1 truc dong co va dugc ¢ dinh véi khung g4 dong co dé ¢6 thé chiu luc cho

truc cua dong co.
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Hinh 3.4: B4 phan ndi truc motor véi co ciu ga

Pong thoi han ¢b dinh mot 14 st ¢6 khoan 15 thich hop trén khung ga dong co dé cb dinh

encoder. Encoder dugc dan truyén dong bang day dai voi co cau ga vo lang. Nhu vay,

khi co cau chuyén dong, encoder s& dc giit ¢ dinh dé c6 thé thuc hién duoc viéc doc

xung mot cach chinh xéc nhat.

3.2.1 Vat liéu thiét ké

3 thanh inox |4 chiéu dai 200mm, chiéu rong 40mm, day 2.5mm
3 thanh inox 14 chiéu dai 50mm, rong 40mm, day 2.5mm

3 miéng cao su dém day 20mm

3 bu 16ng — dai 6¢ duong kinh 8mm

Bac dan duong kinh trong 20mm

1 tryc inox tron duong kinh 8mm
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3.2.2 Thiét ké md phéng co cau ga trén SolidWorks

Hinh 3.6: Co ciu g4 vo ling
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%+ Cha thich:

1- Pdng co dién

2- Khung gé dong co dién va encoder

3- Ld bulong cb dinh co cdu ga va khung

4- Bac dan

5- B6 phén lién két co cAu ga va motor

6- Bo phan ¢ dinh thanh ga vo lang

7- Bulong ¢ dinh

8- Cao su dém

9- Day dai

10- Nhong dai rang

11- Encoder
3.3 Thiét ké gia dé cam bién
Cam bién duoc dat & banh xe. Vé6i y tuang sir dung cam bién loai cam bién siéu am hoac
laser, c6 kha nang ty doc khoang cach tir cam bién dén banh xe do d6 t6i quyét dinh s&
st dung mot gia d, dat dudi ¢b dinh dudi nén phang gan banh xe. Gia & cam bién duoc
thiét ké tur vat liéu sat véi cac kich thude duoc cho nhu trong ban vé va gia d& cam bién

nhu hinh vé.
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Hinh 3.8: Ba mit chiéu bo phan g4 cam bién laser

1- Cam bién laser
2- C6 dinh cam bién

3- Khung ga cam bién

Hinh 3.7: B phdn g4 cam bién laser
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3.4 Co cu co khi hoan chinh

Véi nhitng bo phan riéng biét da duoc thiét ké va véi nhung coéng cu hitu ich ma
SolidWorks mang lai, budc tiép theo d6 1a tién hanh lién két cac bo phan lai véi nhau dé
tao thanh mot co cAu hoan chinh nhat va tién hanh mé phong hoat dong cua co ciu. Cong
viéc nay s& gitp hinh dung mét céch rd rang nhat, cho ta cai nhin truc quan gan nhat vé

hoat dong cua co cu sau khi dugc ché tao ra.

<G> :

1- Gia do dong co dién
2- Co ciu g vo lang

3- Gi4 d& hé thong

Hinh 3.9: M6 hinh do d6 ro vo lang m6 phong
@ Chuyén dong tinh tién theo phuwong ding
<j Chuyén dong tinh tién theo phuong ngang

/\ Chuyén dong quay
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Puong truyén md men xoén tir dong co dién dén vo ling:

Pong co dién

l

Co cau ga vo lang

Vo ling xe

l

Bo truyén dai ring

l

Encoder

Hinh 3.10: So d6 khéi dudng truyén moment tir dong co dén vo ling

Sau khi mé phong hoat dong caa co ciu co khi véi SolidWorks va tién hanh danh gia
kha ning dap (ng cac yéu cau caa qua trinh do d6 ro vo ling ty dong trén xe co gidi.
Nhan ra co ciu nay c6 thé hoan toan c6 kha ning thuc hién diéu do, vi vay day sé 1a co

cau duogc sir dung va bat dau qué trinh ché tao thir mét mo hinh do d6 ro thyc té.
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3.5 Tién hanh ché tao md hinh thuc té co ciu do @6 ro vé ling
Tt nhitng k¥ ning thue hanh co khi da duoc thuc hanh trong qua trinh hoc tap va sé lidu
kich thudc cua ting chi tiét da duoc cho trong céc ban v& 2D bén trén. T6i da tién hanh
thuc hién va hoan thién lan luot ting b phan trong mé hinh co khi di dua ra. Mot s6
y&u cau dé ra trong qué trinh thuc hién:

e Do dac ché tao cac bo phan bang kich thudc trong ban vé véi dung sai nho nhat

dé tranh tao thém do ro co khi cho két qua do kiém
e Tuan thu céc quy tic v& an toan lao dong trong qua trinh ché tao

Mbt s6 hinh anh vé co cau co khi thuc té da dugc ché tao:

Hinh 3.11: Co cau ga vo ling
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Hinh 3.12: Co cu gia d&, bo phan ga cam bién va hop diéu khién
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Chuong 4
THU NGHIEM, KIEM TRA VA LAP PAT MACH
DIEN
4.1 Thir nghiém cac linh kién va cam bién
4.1.1 Cam bién gia tbc géc mpu6050

Pé hé théng hoat dong 6n dinh va dé tim nguyén nhan 15i 1am hé théng khong hoat dong,
t6i tién hanh kiém tra thi ting linh kién va cam bién. Pau tién t6i thir nghiém phat hién
su dich chuyén ctia banh xe bang cam bién gia tdc mpu6050 theo truc z. Puoc db thi nhu

hinh:

€5 coma — O >
5.0 7
2.5 7
o.o
_~ g o
-5.0 t t t t 1
130 230 330 430 5320 &30
Beliband 1

Hinh 4.1: Gia tri goc tra vé tir cam bién
Gia tri tir cam bién tra vé khi ga & mot mit phang ¢ dinh rat 6n dinh. Nhung khi toi thuc
nghiém ga trén banh xe, khi xe né may (dé cé tro luc lai) thi gia tri do tir cam bién bi
nhidu nhu hinh (4.2), do d6, khong thé xac dinh duoc vi tri ban dau ctia banh xe véi thuat

toan nay.
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Hinh 4.2: Gia tri cam bién gia tdc mpu 6050 khi g4 1én tim banh xe
Mit khéc, viéc g4 cam bién vao tdm banh xe kha rac rdi nén t6i loai bo phuong an st
dung cam bién gia toc goc mpu6050.
4.1.2 Cam bién siéu am US-015

Tiép theo, t6i thir nghiém cam bién do khoang cach bang siéu 4m. Sau khi thir nghiém
t6i thay duoc tin hiéu tra vé bi nhiéu nhu hinh:

€ com4 - o =

S.0

- __|IJI—|LJ'_|IJ,—|IJ,_|L;|'_|IJ,_|L|I'—‘I_II_‘IJ_|I_I U IJI_L'_‘U,—‘IJ 1| IJ,—U_U‘

Hinh 4.3: Tin hiéu tra vé tir cam bién siéu am
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Vi vy t6i str dung bo loc Kalman dé giam nhiu thi tin hiéu tra vé rat on dinh (hinh 4.4)
nhung cam bién s& mét di d6 nhay khi banh xe dich chuyén. Nhu vy s& din dén phép
do khong chinh xac.

€D com4 - o X

12.0

Thoi giiém co s dich
chuvén cua banh xe

Y/
>

Thoi diém cam bién phét hién
8.0 sir dich chuyén cua banh xe

Hinh 4.4: Tin hiéu tra vé tir cam bién siéu am qua bd loc Kalman

Sau khi thir nghiém, t0i nhan thay néu st cam bién siéu am thi s€ dan dén sai s0 cho

phép do kha 16n nén tdi loai bo phuong an sir dung cam bién siéu am.
4.1.3 Cam bién do khoang cach laser

Tiép theo, t6i thir nghiém v&i cam bién do khoang cach bang laser. Ban dau tin hiéu tra
vé tir cam bién nhiéu rat nhiéu (hinh 4.5). Tdi van quyét dinh sir dung bo loc Kalman dé
giam nhiéu cho cam bién va tin hiéu tra vé twong di 6n dinh (hinh 4.6) va khong bi tré
nhu cam bién siéu am. Toi quyét dinh dung thuat toan xac dinh bién d6 khoang céch dao
dong, sau d6 dung khoang cach vira méi nhan duoc dé so sanh khoang bién do dao dong

néu c6 su chéch léch tirc banh xe da chuyén dong nhu (hinh 4.7).
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Hinh 4.5: Tin hiéu tra vé tir cam bién laser

9 come — O *

ZBO.0O

240.0 7

Zoo.0

1e0.0

Hinh 4.6: Tin hiéu tra vé tir cam bién sau khi qua bo loc Kalman
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180.0

177.0 7

sir dich chuj.'én cnia banh xe

U

171.0
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2459 449 545 £459 7459 949

115200 baud : -
Hinh 4.7: Tin hiéu cam bién tra vé khi banh xe ¢6 su dich chuyén

Sau khi thtr nghiém, t6i nhan thay sir dung module cam bién laser trong ddi phut hop véi
hé théng dé thuc hién phép do. Vi vay tdi quyét dinh st dung cam bién laser cho hé

thong.
4.2 Lip dit mach dién

T6i sir dung Arduino Nano dé lam vi diéu khién trung tim, ding LCD 20x4 dé lam man
hinh hién thi théng tin, ding cam bién do khoang cach bang laser dé phat hién sy dich
chuyén cua banh xe, sir dung incremental rotary encoder LPD3806-400BM-G5-24C c6
600 xung/vong dé do goc xoay cua vo lang, nhu vay d6 chia nho nhat ctia caa cam bién
la Ap = 360/600 = 0.6 do. Dung cau H ro le dé diéu khién dong co. Pau tién thi vi
diéu khién luu khoang céch chuan tir cam bién laser t6i banh xe dan hudng, cho dong co
dién phat dong vo lang quay nguoc chiéu kim ddng ho, khi khoang cach tir cam bién
laser t6i banh xe dan hudng nhé hon khoang cach chuan thi ding dong co dién lai, dat

gia tri do goc vé 0, tiép tuc cho vo ling quay qua phai téi khi khoang céch tir cam bién

35



laser t&i banh xe dan hudng 16n hon khoang cach chuan thi dung lai, ghi nhan gia tri goc

quay tu do hay d6 ro vo lang va xuat gia tri ra man hinh LCD.

Bang 4.1: So dd két ndi chan cac linh kién hé théng

Tén linh Kién Chéan linh kién Chéan Arduino
SCL A5
) SDA A4
Cam bien laser
VCC +5V
GND GND
SLC A5
SDA A4
LCD 20x4 va module 12C VCC 15V
GND GND
VCC +5V
‘ GND GND
Module cau H
INA D4
INB D5
VCC +24V
GND GND
Encoder
Phase A D2
Phase B D3
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Hinh 4.8: Mach xtr ly

Luu dd thuit toan nhw sau:

Khoang cach tir cam
bién laser (KC)

While i< 3 MAX=KC
|
MIN = KC
> |
Xuat MIN MAX / i+ =

Hinh 4.9: Luu d thuat toan tim bién do khoang cach
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Chuong 5

THU'C NGHIEM HE THONG PO PO RO VO LANG
TU PONG TREN MOT SO LOAI XE
5.1 Khai niém phwong sai va d¢ léch chuan [5]

Phuong sai cia mét bang s6 li€u 1a thong s6 dac trung cho do phan tan ctia cac sé liéu

so véi sO trung binh cuia ching. Ki hiéu ctia phuong sai 1a Sx® va duoc tinh nhu cong

thirc
2 1 X 2
S, :_Z(Xi_xtb) (5.1)
m =
Trong do:

Sy : Phuong sai cua so lidu toc do thuc té va toc do mo phong

m: SH luong cac gia tri thu thap cia tdc d6 thuc té va tbc dd6 mo phong

Xi : Chénh léch cua toc d6 thuc té va toc d6 mo phong thur i

Xt : Chénh I¢ch trung binh cua tdc do thue té va tde dd mod phong

Do 1éch chuan hay d6 léch tiéu chuan (Standard Deviation) la mot dai lugng théng ké
dung dé do mutrc d6 phan tan ciia mot tap dir liéu di duoc 1ap thanh bang tan s6. N6 cho
thdy sy chénh 1éch vé gid tri cua timg diém danh gid so voi gia tri trung binh. Ki hiéu
ctia d6 1éch chuan 1a Sx va ta co thé tinh ra d6 1éch chuan bang cach 1ay can béc hai cua

phuong sai nhu cong thire (5.2)

2
« =S (5.2)
Trong do
e Sx: Do léch chuan

e S,2: Phuong sai
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5.2 Thyuc nghiém do dg ro trén xe Toyota Vios

Hé théng duoc tién hanh thi nghiém trén chiéc xe Toyota Vios. T6i tién hanh do d6 ro
v lang thuc té trén chiéc xe Toyota Vios. Pau tién tdi ga co cau dan dong vao vo ling.
Dit cam bién laser & gan banh din huéng, mé ngudn cap dién cho hé théng, khai dong

xe va tién hanh do do ro vo lang nhu hinh 5.1.

Thuat toan dé do do ro vo lang thuc té 14 dau tién xac dinh khoang cach tir cam bién laser
dén banh xe dan hudng khi banh xe & vi tri thang dung, trong 3 gidy tim bién d6 dao
dong khoang céach cua cam bién. Sau d6 quay vo lang qua trai néu khoang céach tir cam
bién laser dén banh dan hudng nhé hon bién d6 dao dong khoang cach cua laser thi dirng
quay vo lang lai trong 2 gidy, tiép tuc xac dinh bién do dao dong khoang cach cua laser
khi banh xe din hudng & vi tri méi trong 3 gidy, sau d6 quay vo ling qua phai, néu
khoang cach tir laser dén banh xe din hudng 16m hon bién d6 dao dong khoang céach cua

cam bién thi ding lai, xuat gié tri goc quay tu do hay d6 ro vo ling ra man hinh.

T6i tién hanh do 50 1an dé tim gi4 tri trung binh, phuong sai, d6 léch chuan va khoang

tin cay.
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0O DO RO WO LAMG

do _ro=2.4°
KET BUR: DAT

Hinh 5.1: Toan canh hé thong khi g vao xe Toyota Vios
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Bang 5.1: Két qua cac 1an do d ro vo lang trén xe Toyota vios

Lan do Két qua do Lan do Két qua do
1 2.4 26 1.2
2 2.4 27 1.2
3 2.4 28 1.2
4 1.8 29 1.2
5 1.2 30 1.2
6 1.2 31 1.2
7 1.2 32 2.4
8 1.2 33 1.2
9 2.4 34 2.4
10 1.2 35 2.4
11 2.4 36 2.4
12 2.4 37 2.4
13 2.4 38 2.4
14 1.2 39 1.8
15 1.2 40 1.8
16 2.4 41 1.8
17 2.4 42 1.8
18 1.8 43 1.2
19 1.8 44 1.2
20 1.8 45 1.2
21 2.4 46 1.2
22 2.4 47 1.2
23 2.4 48 1.2
24 2.4 49 1.2
25 1.2 50 1.2

Trung binh 1.75
Phuong sai 0.31
Do 1éch chuan 0.55
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+ Nhan xét:
e Qua két qua thtr nghiém tir s liéu trén cho thay:
Xe Toyota Vios c6 do ro vo ling nho, véi gia tri trung binh céc 1an do 13 1.75° cho
thiy d6 ro vo ling cia xe nay hau nhu khong co.
Véi phuong sai tir cac 1an do 1 0.31° so Vi gia tri trung binh van con trong d6i 16n.
Tir két qua thuc nghiém & cac bang trén ta c6:
o Do léch chudn twong d6i = Do 1éch chuan/Gia tri trung binh = 0.55/1.75 = 31.4%
o Tirdd 1éch chuan twong ddi trén cho thiy sai sd hé thong kha cao. Nguyén nhan l1a
do xe ¢6 d6 ro vo lang nhd nhung d6 chinh xéac caa cam bién do goc quay chua cao

dan dén d6 léch chuan twong ddi ciia phép do con 16n.

5.3 Thwc nghiém do do ro trén xe Mercedes ML350 (mau xam)

= = R

S - [ -

Hinh 5.2: Toan canh hé thong khi g vao xe Mercedes ML350
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Bang 5.2: Két qua do trén xe Mercedes ML350 (xam)

Lan do Két qua Lan do Két qua
1 9.6 26 9.6
2 9.6 27 9.6
3 9.6 28 9
4 9.6 29 9.6
5 9.6 30 9.6
6 9 31 9.6
7 9 32 9.6
8 9 33 8.4
9 9 34 8.4
10 8.4 35 9.6
11 9 36 9.6
12 8.4 37 9.6
13 9.6 38 9
14 9.6 39 9
15 9.6 40 9
16 9.6 41 9.6
17 9.6 42 9.6
18 9 43 9.6
19 9 44 9.6
20 9 45 9
21 9 46 9
22 9 47 9.6
23 9.6 48 9.6
24 9.6 49 9.6
25 9.6 50 9.6

Trung binh 9.31
Phuong sai 0.15
Do léch chuan 0.388
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% Nhan xét:
e Qua két qua thir nghiém tir s6 liéu trén cho thay:
Vi gia tri trung binh céc 1an do 13 9.31° cho thdy do ro vo ling cua xe nay van nam
trong quy dinh cua cuc dang kiém
Véi d6 1éch chuén 14 0.388°s0 vdi gia tri trung binh tir cac 1an d6 1 9.31° cho thiy
két qua do cua hé thong sai s6 khdng qué 16n.
Tir két qua thyc nghiém & cac bang trén ta c6:
o D0 léch chuan twong ddi = Do 1éch chuan/Gia tri trung binh = 0.388/9.31 = 4.2%

o Tirdd léch chuan twong ddi trén cho thay sai s6 hé thong giam dang ké so véi sb

liéu thu thap dugc tir xe Toyota Vios.
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Bang 5.3: Két qua cac 1an do d ro vo ling trén xe Mercedes ML350 (mau den)

Lan do Két qua Lan do Két qua
1 6.6 26 6
2 6.6 27 6
3 6.6 28 6
4 6.6 29 6
5 6.6 30 6.6
6 6.6 31 6.6
7 6.6 32 6.6
8 6 33 7.2
9 6 34 7.2
10 6 35 7.2
11 6.6 36 6
12 6.6 37 6
13 6.6 38 6.6
14 6.6 39 6.6
15 7.2 40 6.6
16 7.2 41 6.6
17 6.6 42 6.6
18 6.6 43 6.6
19 6.6 44 6.6
20 7.2 45 6.6
21 6.6 46 6.6
22 6.6 47 6
23 6.6 48 6
24 6.6 49 6
25 6.6 50 6
Trung binh 6.52
Phuong sai 0.132
Do 1éch chuan 0.364
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% Nhan xét:
e Qua két qua thir nghiém tir s6 liéu trén cho thay:
Vi d6 1éch chuén 12 0.364° so v6i gia tri trung binh tir cac 1an d6 13 6.52° cho thay
hé thong c6 thé két luan duoc xe ndy c6 do ro nam trong khoang quy dinh cua cuc
dang kiém
Tir két qua thyc nghiém & cac bang trén ta c6:
o D0 léch chuan tuong d6i = Do 1éch chuan/Gi4 tri trung binh=0.364/6.52= 5.58%
o V&ixe cd dd ro vo lang 16n @6 1éch chudn tuong ddi s& nho di do phan anh huéng

ctia do chia cam bién do goc xoay dén gia tri do duoc 1a khong nhiéu.

5.5 Thuc nghiém do dd ro trén xe Mercedes C280
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Bang 5.4: Két qua cac lan do do ro vo lang trén xe Mercedes C280

Lan do Két qua Lan do Két qua
1 2.4 26 2.4
2 2.4 27 2.4
3 2.4 28 2.4
4 2.4 29 24
5 2.4 30 24
6 2.4 31 3.6
7 3 32 1.8
8 3 33 1.8
9 3 34 1.8
10 1.8 35 2.4
11 1.8 36 24
12 1.8 37 2.4
13 1.8 38 2.4
14 3 39 24
15 3 40 3
16 2.4 41 2.4
17 2.4 42 2.4
18 2.4 43 2.4
19 2.4 44 2.4
20 2.4 45 2.4
21 2.4 46 24
22 2.4 47 1.8
23 2.4 48 1.8
24 2.4 49 1.8
25 2.4 50 2.4

Trung binh 2.376
Phuong sai 0.146
Do 1éch chuan 0.383
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% Nhan xét:
e Qua két qua thir nghiém tir s6 liéu trén cho thay:
Vi gia tri trung binh tir cac 1an d6 1a 2.376° cho thdy hé thdng c6 thé két luan dugc
xe ndy c6 do ro nam trong khoang quy dinh cua cuc ding kiém.
Tir két qua thuc nghiém & cac bang trén ta c6:
o D0 léch chuan twong dbi = Do léch chuan/Gi4 tri trung binh = 0.38/2.37=16.12%
o Véi xe o ro thap d6 léch chuin tuong ddi s& Ién do do chia nho nhat caa cam

bién do gbc con 16n.

5.6 Xac dinh d§ tin ciy cta qua trinh do
Dua vao hai cong thirc (5.1), (5.2) va cac bang s6 liéu ta tinh dugc phuong sai va do 1éch
chuan ciia qua trinh mé phong dbi vai thong s thuc té.

e Phuong sai Sy®

e Do léch chuén Sy
Trong thuc té dé danh gia do chinh xac ciia mot phép do, nguoi ta dung dai luong do
1éch chuéan twong ddi, ti 16 cang nho phép do cang chinh xac. Tir két qua thuc nghiém &
cac bang trén ta co:

e Xe Toyota Vios: P9 1éch chuan twong ddi: 31.4%

e Xe Mercedes ML350 (mau xam): Do 1éch chuin twong dbi: 4.2%

e Xe Mercedes ML350 (mau den): Do 1éch chuan twong ddi: 5.58%

o Xe Mercedes C280: D6 léch chuan tuwong dbi: 16.12%
Dé danh gia mutc d6 tin cy cua thiét bi do ta tinh toan su sai léch cua céc gié tri do so
vé6i d6 ro tbi da cho phép:

e Do lech chuan trung binh bén xe do duoc so Véi gia tri 6 ro cho phép cua

cuc dang kiém: ((0.55 + 0.388 + 0.364 +0.383)/4 )/23 = 1.83%
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Tir két qua cia qua trinh do thuc nghiém trén céac xe khéc nhau cho thay do Iéch chuan
tuong d6i khé cao trén cac xe c6 d6 ro vo ling nho. Nguyén nhan chi yéu 1a do d6 chia
nhé nhat cia cam bién do goc xoay vo ling con 16n (0.6 do/xung) va két cau co khi cua

mo hinh do dd ro vo6 lang con chua tot.

Tuy nhién néu so sanh gié tri do Iéch chuan trung binh caa nhing lan do trén cac xe
(0.42°) so véi tiéu chuan cho phép cua cuc ding kiém (23°) thi mtc do sai léch chi 1a

1.83%. Cho thay sai léch cua gia tri do dugc so voi do ro cho phép 1a khong qua 16n.
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Chuong 6
KET LUAN VA KIEN NGHI

6.1 Két luan

Sau mot thoi gian nghién ciru, tim hiéu, tim huéng thiét ké kha thi, 1ap ké hoach va tién
hanh thiét ké, ché tao. V&i su nd luc cia ban than va su gitp do tan tinh cua Thﬁy bd
Vin Diing va Thay Lé Quang Vi, dé tai “Thiét ké, ché tao mé hinh do @6 ro vo ling

tw déng” di dat duoc mot sb két qua sau:
e Ché tao dwgc md hinh thue hién do dd ro vé ling tu dong.

Tuy nhién két qua giira c4c 1an do con co sy chénh léch, dd tin cay cua thiét bi chwa cao,
van chua thé ap dung tai cac tram dang kiém 6 t6. Nhung cho thay viéc do do ro vo ling
tu dong 14 hoan toan kha thi, c6 thé cai tién thiét ké va nang cao chat lugng cam bién do
g6c xoay dé cho ra két qua do chinh xéac hon.

e Bién soan dé tai 1y thuyét
Vi 1a mot dé tai dugc ap dung tir thuc té nén phan Iy thuyét cua dé tai chi hé thong lai
cach do do ro vo ling thu cong, trinh bay ¥ tuong thiét ké mé hinh, cac budc thiét ké,
trinh bay thuat toan dé diéu khién hé thong do do ro vo ling tu dong.
6.2 Kién nghi
Do thoi gian ¢6 han va kién thirc con han ché cung nhiéu yéu t6 khach quan, nén t6i chi
c6 thé hoan thanh dé tai & dang mé hinh, chua thé thiét ké thi cdng mot hé théng hoan
chinh dé c6 thé ung dung thyc té. Mong rang tuong lai moé hinh s& duoc tiép tuc phat
trién va hoan thién hon dé c6 thé sir dung tai cac tram ding kiém. Rat mong duoc su gop

y cua cac Thay C6 va cac ban hoc vién.
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PHU LUC

Code chwong trinh

byte degree[8] =
{0B01110,0B801010,0B01110,0B00000,0B00000,0B00000,0B00000,0B00000}
; // khai bao ky tu do

#include <Wire.h>

#include <VL53L0X.h>

#include <SimpleKalmanFilter.h>

#include <LiquidCrystal _12C.h>

#include <Encoder.h> // thu vien encoder
VL53L0X sensor;

Encoder myEnc(2, 3); // chan encoder 2,3
SimpleKalmanFilter simpleKalmanFilter(2, 2, 0.01);
[[#define FLOAT _POINT_SIZE 1//lay 1 so thap phan
#define IN1 5 // dieu khien motor

#define IN2 4 // dieu khien motor

int keln=0;

int kcnn=9999;

int i=0; // xac dinh vitri motor

int timel=0;
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int kc_kalman;
volatile int xung = 0; // khai bao vitri encoder
int xungL1=0;
int xungL2=0;
const int phase_A = 2; // chan pha A encoder :2
const int phase_B = 3; // chan pha B encoder: 3
LiquidCrystal_I2C lcd(0x3F,20,4);
void setup() {
Serial.begin(115200);
Wire.begin();

/I LCD

Icd.init();

Icd.backlight();

Icd.setCursor(2,0);

Icd.print("DO DO RO VO LANG");

Icd.setCursor(3,1);

lcd.print("PLEASE WAIT...");

Icd.createChar(1, degree);

Il SENSOR

sensor.init();
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sensor.setTimeout(500);

sensor.startContinuous();

// motor & encoder
pinMode(IN1, OUTPUT); // motor
pinMode(IN2, OUTPUT);
pinMode(phase_A, INPUT_PULLUP); // chan ngat dem xung
pinMode(phase B, INPUT_PULLUP);
attachinterrupt(0,chay,RISING); // ngac ngoai

}
void loop() {

Serial.printIn(simpleKalmanFilter.updateEstimate(sensor.readRangeContinuous
Millimeters()*10));

timel=millis();
while ((millis() - timel) <2000)
{

kc_kalman =
simpleKalmanFilter.updateEstimate(sensor.readRangeContinuousMillimeters()*
10);

//Serial.printin(kc_kalman);

¥
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timel=millis();
while ((millis() - timel) <3000)
{
if (kenn > kec_kalman) {kenn =kc_kalman;}
if (kcln < kc_kalman) {kcln =kc_kalman;}
/I Serial.print(kcnn);
/I Serial.print("&");
/I Serial.printin(kcin);

¥

while (int
(simpleKalmanFilter.updateEstimate(sensor.readRangeContinuousMillimeters()
*10)) >=kenn && i==0)

{
/ISerial.printin("quaytrai");
quaytrai();

k

/[Serial.printin("dungyen™);

dungyen();

delay(2000);
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timel=millis();
while ((millis() - timel) <2000)

{

kc_kalman =
simpleKalmanFilter.updateEstimate(sensor.readRangeContinuousMillimeters()*
10);

¥

timel = millis();

while ((millis() - timel) <3000)

{

if (kcIn < kc_kalman) kcln =kc_kalman;
if (kenn > kc_kalman) kenn =kc_kalman;
/[Serial.print(kcnn);

Il Serial.print("&");

I Serial.printIn(kcln);

ky
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while (int
(simpleKalmanFilter.updateEstimate(sensor.readRangeContinuousMillimeters()
*10)) <=kcIn && i==1)

{
/[Serial.printin("quayphai");
quayphai();
//Serial.printin(xungL1);
xungL1=xung;

}

/[Serial.printin("dungyen™);

dungyen();

//Serial.printin(xungL1);

double gocL1=(xungL1)/(360/600);
Icd.clear();

Icd.setCursor(2,0);

Icd.print("DO DO RO VO LANG");

Icd.setCursor(8,1);
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lcd.print(™....");
Icd.setCursor(0,2);
Icd.print(**do ro=");
Icd.print(gocLl);
Icd.write(1);

if (gocL1<=23)

{
Icd.setCursor(0,3);
lcd.print("KET QUA: ");
lcd.print("DAT");

}

else {
Icd.setCursor(0,3);

lcd.print("KET QUA: ");

lcd.print("CHUA DAT");

¥
delay(99999999999);

/[ CT CON ENCODER
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void chay()
{

if (digitalRead(3)==1)

{

xung++;

¥

else xung--;

¥

// Dieu Khien motor
void quaytrai()
{
digitalWrite(IN1, HIGH);
digitalWrite(IN2,LOW);
¥
void quayphai()
{
digitalWrite(IN1,LOW);

digitalWrite(IN2,HIGH);

ky
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void dungyen()

{
digitalWrite(IN1,HIGH);
digitalWrite(IN2,HIGH);

ky
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