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\g0 ?
LJi cam on
Pé€ thuc hién dé tai, tic gid dd nhian dudc rat nhiéu sy chi din, giip d5 va
dong vién quy bau clia nhiéu ngudi, thi€u mot trong cdc sy gitdp dd d6 ciling c6 thé
lam cho dé tai khong dat k€t qua nhu hién nay.

Tru6c hét, em xin bay té 1ong cdm on siu sic d6i véi thiy TS. Nguyén Tan
Ti€n, ngudi thay huéng din di tin tinh chi cho em phuong phdp nghién citu khoa
hoc, thay ciing dd cung cAp cho em rt nhiéu ki€n thitc chuyén sau d€ thyc hién dé
tai.

Em ciing v6 ciing cdm on ¢d Th.S Tran Thi Ngoc Dung va céc thiy cd &
chuong trinh dao tao K§ su chit lugng cao, thay TS. Nguyén Vin Gidp va cdc thay
cd 6 b6 mdén Co Pién T, Khoa Cd khi, Trudng Pai Hoc Bach Khoa Tp.HCM da
tham gia qud trinh ddo tao va huéng din em trong sudt thdi gian hoc dai hoc, nhd
cic thdy c6 ma em c6é dd ki€n thidc va long tu tin dé thuc hién dé tai nghién ctu
nay ciing nhu cdc dé tai trong tuong lai.

Bén canh d6, sy hgp tdc va gitp d& clia ban bé va cdc th€ hé dan anh ciing
gidp toi rat nhi€u trong viéc thyc hién dé€ tai ndy. Em xin dugc cdm on KS. Luu
Tuidn Anh, Khoa Cong nghé Vit Liéu, ngudi di huéng din em di vao nghién ctu
vé robot, Th.S Tran Vin Tung va cdc ban & Phong thi nghiém Thiét K& M4y da
tich cuc gidp d6 em trong thdi gian thyc hién dé tai. To6i ciing xin chin thanh cdm
on cac ban cung hoc 16p Co bién T& — Viét Phap 99, dic biét 1a cac ban Poan
Hiép, Nguyén Anh Kiét, Pham Huynh Phong, Nguyén Minh Trung, nhitng ngudi
cling nghién citu vé robot di dong da cho toi cdc y ki€n déng gép quy gid!

Con ciing xin cdm on gia dinh da lu6n chim s6c va quan tAim dén viéc hoc cla
con, con vd cling cdm on va ludn ty hao vi ¢6 B, Me, Chi ludn ddong vién con
trong qud trinh hoc tip.

Va cudi cling, toi xin gl 161 cdm on t6i nhitng ngudi da tham gia gitp dJ toi
trong qud trinh thyc hién ludn vin ma t6i chua néu tén § day, sy gitp d3 cia ho du
it hay nhiu ciing d6ng gép mdt phan vao két qua thuc hién dé tai tdt nghiép nay.

Tp. H6 Chi Minh, ngay 19 thdng 7 nim 2004

Doan Minh Pédng
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Tém tit dé tai

Trong thdi dai cong nghiép ngay nay, Robot ngay cing dugc st dung phd
bi&n trong sdn xuat ciing nhu trong cudc sdng clia con ngudi. Robot dd ¢6 mot vi tri
quan trong khé cé thé thay th€ dudc, né gitip con ngudi dé 1am viéc trong cic diéu
kién nguy hi€m, khé khin. Ngoai ra, Robot con dugc ding vio cic linh vuc thim
hi€m khong gian, quan sy, gidi tri.. Linh vuc Robot di dong dang ngay cang chi€m
dudc sy quan tAm cla cdc nha nghién cfu va xa hoi. T tinh hinh thyc t€ d6, viéc
x4y dung cdc chuong trinh hoat dong cho cdc Robot 12 diéu thiét y&u dic biét ddi
vGi cdc Robot di dong. Bai todn Robot di ddng bam tudng (wall-following problem)
la mot trong cdc bai todn thudng gdp cia Robot ki€u phéan xa (reactive paradigm),
né da dudc gidi bing nhiéu cdch khic nhau. Trong dé tai "Robot di dong theo diu
tudng", bai todn Robot di dong bam tudng dudc gidi quyét bing mot bo diéu khién
hoi ti€p diy di trang thdi ma két qui da dugc chitng minh bing md phdng. Mot
cam bié€n ti€p xic dung cic encoder dugc tao ra d€ si dung cho robot. Md hinh
robot dugc ché tao d€ ti€n hanh thi nghiém nhim ki€m ching gidi thuit cia bod
diéu khién. K&t qua thi nghiém 13 cin ct d€ phat trién bd diéu khi€n danh cho bai
todn wall-following trong cidc Robot sau nay.

v



Abstract

This project studies on control of a wall-following mobile robot. The wall is
assumed unknown. A tactile sensor is constructed to measure the angle and the
distance of mobile robot relatively to the wall that the mobile robot must follow. A
nonlinear controller is built based on Lyapunov stability. The experiment has been
carried out to verify the study. Based on this result, the proposed controller can be
used for control of a wall-following mobile robot problem.



Robot di dong theo dau tudng 1. Téng quan va dit van dé

1
TONG QUAN VA PAT VAN PE

1.1 Gi6i thiéu chung vé robot

Khdi niém Robot theo nghia chung thudng dugc hi€u ddng nghia vdi khai
niém ty dong hod cong nghiép, di€u nay chi ding mot phan bdi vi: thit nhi't, Robot
chi 12 mot thanh phan trong hé thdng ty dong hod, thit hai 12 ty than viéc trinh bay,
miéu td Robot trong sinh hoat xa hoi it nhiéu phéng dai.

Nhitng Robot xudt hién 1dn dau tién § NewYork vao ngay 9/10/1922 trong v&
kich”Rossum’s Universal Robot” ctia nha soan kich ngudi Ti€ép Khidc 1a Karen
Chapek, con tir Robot 12 mot cdch goi khéc clia tit Robota-theo ti€ng Tiép c6 nghia
1a cong viéc lao dich. Khi d6, Karen Chapek cho ring Robot 12 nhitng ngudi may
¢6 kha niang lam viéc nhung khong c¢6 kha niang suy nghi.

Gan mot thé ky ti€p theo, khdi niém robot di lién tuc dugc phat trién, déng
g6p thém bdi nhiéu nha nghién cttu, nhiéu cdng ty chuyén vé linh vuc robot. Dudi
day 1a bang tém tit qud trinh lich st hinh thanh va phdt tri€n cda cong nghé ché
tao robot, va nhitng tdc dong clia khoa hoc ciing nhu xa hdi doi vdi tirng thai ky [4].
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1. Tdng quan va dit van dé

Bang 1.1 Tém tit lich s phat trién ctia cong nghé robot

Moc | Nghién cdu va phat | Ung dung trong | K§ thuat h§ | Cac yé&u té
thoi trién cong nghiép trg anh huéng
gian
1920 | Khdi niém robot xudt
hién trong ti€u thuyé&t
1940 | Phat minh ra canh tay
may
1950 | Phat sinh khdi niém Gié6i thiéu vé
robot thong minh bd nhd vong
1960 | Gi6i thiéu vé robot | Phat tri€n robot | Mdy tinh
dugc diéu khién bing | trong cong nghiép | dung transitor
may tinh
Ung dung & |Gi6i thiéu vi
Tang cudng nghién | NASA va NAVY |xily
citu
1970 | Robot c¢6 tri thong | Sy boc phdt 1an | Phat trién vi | Su han ché
minh nhin tao diu tién vé robot | xit Iy clia nén
kinh t&
1980 | Robot dung trong | Robot cong | Ky thuat s Nhu cau
nhitng cdng viéc nguy | nghiép thuc t&€ va ting cudng
hi€m (1983) cic ung dung rong | K§ thudt | ty dong
rai khac quang
1990 Gi6i thiéu vé |Piéu  khién | Robot giy
robot thong minh | logic nén that
trong sdn xuAt nghiép
Nghién cttu
vé robot tri
thong  minh
nhan tao
2000 Robot giéng con | Cdc ti€n bd
ngudi vé cd khi
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Tru6c nhitng nim 1970, ngudi ta chi tap trung vao viéc phat trién nhitng robot
tay m4y hoat dong trong cdc nha mdy cong nghiép. Sau d6 mdi xuat hién nhitng
khdi niém vé robot thong minh, va cdc nghién cttu bit dau tap trung hon vao robot
di dong. Mot trong nhitng chuyén gia didu nganh vé robot di dong 13 Hans P.
Moravec (bdt dau nghién cu tir nim 1964), va hién nay, chuyén nghién citu vé
robot di dOong 1a Sebastien Thruns.

Céc robot di ddng c6 ngusi diéu khién di dugc ding cho cidc muc dich quin
su, cdc nhiém vu nguy hiém nhu phd min, thim do ddy dai duong, him md, kiém
tra cdc dudng dng ngdm, hay thim do sao Hoa...

San pham robot di dong dudc sdn xuit dai trd va dua vao thi trudng 1An dau
tién 1a robot hit bui Roomba va Trilobite ciia hang Electrolux nam 2003.

O hinh 1.1 12 mdt s6 hinh 4nh vé& cdc Robot va tng dung cda né:

et M“"ﬂa:;’*ﬂnﬂ

i

5 -w-:‘ <
. &

a. Robot ty hanh Sojourner tham hi€m sao Hoa
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d. Robot hit bui Trilobite
Hinh 1.1 Mot s& hinh 4nh vé robot va cdc tng dung

A A -, \ e -, 2 o A

1.2 Tong quan vé cdc bai todan cua robot di dong [5]

Van dé "navigation" (tam dich 13 "di chuyén") 13 vdn dé trong tAm clia robot
di dong. P€ di chuyén dudc, robot phai thyc hién mdt loat cdc tic vu, mdi tic vu
gdn v6i mot bai todn nhd trong bai todn "navigation”. Cdc bai todn d6 gom:

Mapping: 12 cong viéc 1dp badn d6 moi trudng hoat ddng clia robot. N&u
khong dugc cung cAp dif liéu trude thi robot phai c6 kha ning 1ap ban do.

Positioning: 12 viéc dinh vi, robot phdi c6 kh3 ning bi€t dugc minh dang &
dau trong ban dd toan cuc hoic dia phuong.

Path planning: 12 viéc hoach dinh dudng di sdp tdi clia robot, sau khi n6 biét
dudc ban d6 va bi€t minh dang & vi tri ndo.

Motion control: 13 viéc diéu khi€n cho robot di dong, tic 1a diéu khién cdc co
cAu dé robot di theo con dudng thu dugc tir bai todn "path planning”.
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Obstacle avoidance: 1a nhi€ém vu trdnh chuéng ngai vat khi robot dang di
chuyén.

\ e , . A N N , A 2,

1.3 Bai todn di chuyén theo tuong va cdc nghién cvu
lien quan

Bai todn di chuyén theo tudng:

Viéc di chuyén theo tudng (wall following) 12 mot tic vu thudng thiy & robot
di dong, trong cdc moi trudng bi€t trudc hodc khong biét trude. Tdc vu nay dudc
diing véi cdc nhiém vu: trdnh chuéng ngai vat, di theo tudng biét truéc, di theo
twdng khong biét trudc.

Mot s6 nghién citu da thyc hién:

Turennout et al., 1992 [6]: mot bd diéu khién hdi ti€p diing bd quan st d€ uSc
lugng khodng cdch va géc giita robot v6i tudng, ding cdm bi€n siéu Am.

Medromi et al., 1994 [7]: dung mot by quan sat dé u6c luong trang thdi clia hé
phi tuy€n véi dau vao khong biét trudc.

Urzelai, J. et al., 1997 [8]: s&t dung bd diéu khi€n md d€ diéu khién robot
VEA-II diung cdm bi€n siéu am.

Bemporad et al., 1997 [9]: dua ra huéng ti€p cin dung sy chdng chi't cAm bi&n
dé udc lugng toa dd cia robot, trong d6 ding mdt bd loc Kalman dé két hgp tin
hiéu tir cdm bién siéu 4m va cdm bi€n dd dich chuyén.

Yata et al., 1998 [10]: dua ra phuong phdp bam tuGng st dung viéc do gbc
nhd cdm bié€n siéu Am.

Chung Tan Lam et al, 2004 [11]: mdt bo diéu khi€n hoi ti€p phi tuyé&n khi biét
khodng cdch va géc giita robot véi tudng, mot bo diéu khi€n dya trén bd quan sit
khi chi bi€t khodng cdch giita robot vdi tudng, ding cdm bi€n cd. Cic bd diéu
khién &n dinh theo tiéu chudn Lyapunov, cdc két qud md phdéng va thuc nghiém da
chitng té hiéu qua cta cdc bod diéu khién.

Nguyé&n Vi€t Hiép va Pham Dinh Anh Vii [3]: thi€t k€ b diéu khién hoi tiép
phi tuyé&n va bo diéu khién dua trén bd quan sat dé diéu khién robot di theo tudng,
md phdéng cdc bd diéu khién d€ ki€m ching tinh hoi tu va 6n dinh.
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Cé4c k€t qua nghién ctu trén cho thdy huéng gidi quyét bai todn robot di
chuyén theo tudng biing cdc bd diéu khié€n hdi ti€p phi tuyé€n 12 mot huéng di thich
hop. O dé tai cda Nguyén Vi€t Hiép va Pham Pinh Anh Vi, cdc b diéu khién da
dugc dua ra va ching minh biing ly thuyét vi md phdéng, nhung chua dugc ki€m
nghiém thyc t€. Dya trén thanh qua d6, ludn vin nay c6 nhiém vu la: Ki€ém chifng
1y thuyé&t nghién citu vé bai toan robot di chuyé&n theo tudng di dugc xay dung
trong luan vin tot nghiép di trudc.

Pé€ thyc hién muc tiéu trén, ludn vin nay tap trung vao cdc van dé sau:
- Nghién citu cdc bo diéu khién cho robot bim tudng.
- Thi€t k& va ché tao mot d€ di chuyén (mobile platform).

- Thi€t k&€ va ch& tao mot cAm bi€n ti€p xiic gidn 1én robot d€ do sai so giita
robot v§i tudng.

- Thi€'t k&€ va thuc hién cdc mach diéu khién cho robot.

- Lap trinh cho robot d€ hién thuc cdc bd diéu khién.

- Thi nghiém va so sdnh két qud thi nghiém vdi két qua mo6 phdng.

- Nhan xét két qui va két luan.
1.3.1 Gidi thiéu bai toan

Thi€t k€ va thuc hién bo diéu khi€n dung dé diéu khi€n Mobile Robot di
chuyén doc theo tudng véi van tdc va khodng cach tir Robot dén tudng cho trudc.

Gi4 thi€t clia bai todn:

* Po dugc khodng cdch d tir tudng d&€n Robot.

* Po dugc goc 1€ch gitra Robot va tudng.

* Tudng 12 dudng cong tron bat ky vdi ban kinh cong clia tudng khong nhd
hon khodng céach d.

1.3.2 M6 hinh toan hoc
Mo hinh robot di dong bam tudng dudc cho nhu hinh 1.2
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Hinh 1.2 MJ hinh bai todn robot di dong bam tudng
Trong dé:
* (x,y): hé truc toa do tuyét doi.
* R: bdan kinh banh xe clia Mobile Robot.
* b: khodng cdch tir tim Mobile Robot d€n banh xe.
* W:giao di€m ctia truc Y ctia Mobile Robot véi tudng.
* t: ti€p tuy€n v4i tudng tai di€m W.

«f gbc dinh huéng ciia Mobile Robot.

T gbc nghiéng cua tudng.

* d :khodng cdch tit Mobile Robot dén ti€p tuyén t.

* d0 :khodng cdch yéu ciu tir Mobile Robot d&€n tudng.
#€: o6¢ 16ch giita mobile robot vdi tudng.

Phuong trinh dong hoc ctia Mobile robot dd dudc nghién ctu bdi cdc cong
trinh trudc day clia nhiéu tdc gid [6]. Van tdc dugc biéu dién nhu sau:



Robot di dong theo dau tudng 1. Téng quan va dit van dé

ékU écosf  OU
éu_e. (evu
gy g0 1y

Vé6i V: van toc dai cia Robot.

[1-1]

W van tdc gbc clia Robot.

MG&i quan hé gitta V, W véi van t6c géc clia hai banh xe nhu sau:
&v,,i_&/R b/R v
SleH_ g]-/R - b/ RESNH [1_2]

- W W
1 |W’

V4 w: van tdc géc clia banh xe trdi va banh xe phai ctia Mobile Robot.

1.3.3 Muc tiéu dié¢u khién

Yéu cau clia bai todn 13 phai diéu khi€n robot chay theo bién dang song song
v4i tudng, sao cho cdc sai s6 khodng cdch (e;) va (e,) hdi tu vé 0, robot hoat dong
on dinh trong mot viing 1an cin diém hdi tu.

1.4 Phuong phdp gidi quyét van dé

D& gidi quyét bai todn robot di dong di theo tudng, hai b diéu khién di dudgc
trinh bay trong dé tai ludn vin tdt nghiép nganh Cd Pién Tw, trudng PHBK
Tp.HCM ciia hai sinh vién Nguyén Vi€t Hiép va Pham Dinh Anh Vii. Mot bo di€u
khién 12 hoi ti€p day dl trang thdi (full-state feedback), mot bo diéu khié€n 1a dua
trén bd quan sit (observer-based) [2]. Trong dé tai nay, ching tdi st dung cdc két
qua dé dé thuc hién cdc bo di€u khién, nhim ki€m tra tinh chinh xdc cta két qua
mo phdng.

Theo gid thi€t clia bai todn, ta bi€t dudc gid tri cda cd 2 bié€n trang thdi 1a e,
Vi e, nhu vdy ta c¢6 thé sit dung mdt bo hoi ti€p tit cd bi€n trang thdi (full-state
feedback controller). Bd diéu khién nay s& dugc dé cip dén & chuong sau.



Robot di ddng theo ddu tudng 2. Tém tit thuit todn diéu khién

2
TOM TAT THUAT TOAN PIEU KHIEN

A \ A ./\\ ./\‘)
2.1 Mo hinh bo dieu khiéen
Cong thifc clia bd diéu khién full-state feedback:
lv=v,
(W =k,[v, - (¢ +d,)W,/cose,le, - ksine, +,

i '
T‘/%’w =¢g(e +d,)tane, - sine,/k, [2-1]

Trong do:
V. . A ~ A N
r:van tdc yéu cau

do, khodng cdch yéu ciu

=)

: udc lugng van toc géc clia tudng
1K

=~

2: c4c tham sO clia bo diéu khién d€ 6n dinh Lyapunov
€. sai s6 vé khodng cdch va géc giita robot véi tudng
V: van tdc dai clia robot

W: van tdc gbc cia robot (van tdc cia vectd chi hudng robot)

2.2 Ddc tinh b dieu khién (theo két qua chitng minh
va moé phong)

Qua két qua chiing minh v md phdng, by diéu khién nay c6 cic tinh chit
sau:

-On dinh theo tiéu chuidn Lyapunov dang 2.

- C4c sai s6 el va e2 hoi tu vé zero sau thdi gian 8-10s, v&i cdc tham s& mo
phdéng 1dy theo m6 hinh thyc.



Robot di dong theo diu tudng 3. Thi€t k€& va thuc hién phan citng

3
THIET KE VA THUC HIEN PHAN CUNG

3.1 Kién triic robot

Robot dudgc thi€t k& theo ki€u ki€n tric SA (subsumption architect) [12], phdn
thanh 2 16p:

- L6p dudi 1a cdc bo diéu khién dong cd, bd thu tin hiéu cdm bién.

- L6p trén 12 bo diéu khién trung tim. B9 diéu khién nay khong can thiép vao
hoat dong ctia cdc bd phan & 16p dudi.

So @b khai diéu khién dugc cho & hinh 3.1, gdm 01 khdi xt 1y chinh (master
module) va 02 khdi x{t 1y phu (slave module).

Master module c6 cac chitc ndng:

- Poc tin hiéu tir cdm bié&n, tinh cdc sai s6 vé khodng cdch va géc giita robot
v4i tudng.

- Dung gidi thuit diéu khién full-state feedback d€ tim cdc van tdc dai va van
tdc géc mdi cho robot, nhim gidm céc sai s0.

~ A ~ N A ~ 2 . ~ 7 . 2
- Chuyén vin tdc ctia robot thanh van téc clia 2 banh xe, g cdc gid tri d6 cho
cac slave module.

Slave module c6 cédc chifc ndng:
- Nhan 1énh tir master module (van tdc mong mudn ctia mdi banh xe).
- Tinh van t&c hién thdi clia robot qua s6 xung hdi ti€p trong 1 chu kY.

- Dung gidi thuat diéu khién PID d€ tinh gia tri PWM, nhim diéu khi€n banh
xe quay vdi van tdc dugc ra 1énh.

Giao ti€p gilta master module va 2 slave module dudc thyc hién dua trén
chuin giao ti€p 12C, chuin nay s& dugc gidi thich rd hon & doan dudi.

10



Robot di dong theo diu tudng 3. Thi€t k€& va thuc hién phan citng

Encoder 1 Encoder 2

IC flip-flop
74L.S74

Vi diéu khién:
PIC 16F877

12C

Khdi dong co bén tr:’11 Fhﬁ'i dong cd bén phai

Vi diéu khién: Vi diéu khién:
PIC 16F877 PIC 16F877

Driver Driver
dong co: dong co:
LMD18200 LMD18200

Ll N el e )
“i“.‘t‘i“‘ﬁ“iiﬁii‘-ﬁ

3

Encoder — — Encoder

Hinh 3.1 So dd khdi ciia Wall-following mobile robot

3.2 Vi diéu khién PIC 16F877[13]

Vi diéu khién dudc chon ding trong dé tai 1a loai vi di€u khién PIC 16F877
ctia cong ty Microchip. Sau diy 13 vai nét chinh cda vi diéu khién nay:

11



Robot di dong theo d4u tudng

3. Thi€t k&€ va thuc hién phin ciing

B0 xit 1y chinh:

- Loai bo xt 1y: RISC CPU

- Chi c6 tat cd 35 1énh

. Hauhétcdc1énh 1a 1 chu ky mdy,
chi cdc 1énh r€ nhdnh l1a 2 chu ky
. Tan s6 tdi da: v6i thach anh 20
MHz — chu ky mdy 1a 200ns

- Luu dudgc 8K I€nh trong bd nhé
chuong trinh, mdi 1énh 14 bits.

- C6 368 x 8 bytes bd nhé dit li€u
(RAM)

- C6 256 x 8 bytes bd nhd
EEPROM

- Nhiéu loai ngit (14 loai)

- Power-on Reset (POR)

- Power-up Timer (PWRT) va

- Oscillator Start-up Timer (OST)

- Watchdog Timer (WDT) véi bo
dao dong tich hgp bén trong

- Bdo mit chuong trinh

. C6 ch& dd SLEEP dé€ ti€t kiém
ndang lugng

- In-Circuit Serial Programming
(ICSP - chu&n ghi bd nhé chuong
trinh khi vi x 1y van & trong
mach)

- Single 5V In-Circuit Serial
Programming

- In-Circuit Debugging

- Vixt 1y truy cidp dugc vao bd nhé
chuong trinh

- Dién 4p hoat dong rong: 2.0V dén
5.5V

- Chiu dudc nhiét dd trong mo6i
trudng cong nghiép

- Néing lugng ti€u thu it:

< 0.6 mA 33V, 4 MHz

20 mmA & 3V, 32 kHz

< 1 mnmA § ch€ do standby

RCOTIOSOTICK! e []

PDIP

l\./ 40 [J =—= REB7/PGD
39 [] -—» RBG/PGC
38 [] =—= RB5

37 [] =—= RB4

35 [] =—s RB3PGM
a5 [] -—= RB2

34 [] =—s RB1

33 ] <+— RENINT
32 [] =-— vop

31 [] - V53

30 [] =—= RD7/PSP7
29 [] =—= RD&PSPSE
28 [] -— RDS/PSPS
27 [] =—= RD4/PSP4
26 [] a—a RCT/RX/DT
25 [] =—a RCBTH/ICK
24 [] -—s RCHSDO
23 [] =—= RC4/SDI/SDA
92 [] -+—s RDIPEP3
21 [] =—= RD2IPSP2

MELR/VPRTHY ——= [
RAQ/AND =—a []
BA1ANT =-—= []

RAZIANZVEEF- e []

RAZANS/VEEF+ e [

RALTOCK! a—w []
RAS/ANS/SS a—s [
RERD/ANSG ~a— []
RE1/WR/ANG -—e [
RE2/CEANT =— [

VoD — [

V' p—
OSCAICLKIN —— []
OSC2/CLKOUT «— [

LI I - T - -

= 0
=]

PIC16F877/874

—
&

RCH/TIOSKCCP2 <t [
RCZ/CCP1 - [
REA/SCKSCL -— [
ROO/PSPO —a—s []
RD1/PSP1 =-—= [

P
WO o~ @

8

Hinh 3.2 So dd chan PIC 16F877

Thié&t bi ngoai vi:
- TimerO: 8-bit timer/counter vé1 bd chia

trudc 8-bit

- Timerl: 16-bit timer/counter véi by chia

trudc, c6 thé hoat dong trong ch& do
SLEEP

- Timer2: 8-bit timer/counter v61 bd chia

trudc va chia sau 8-bit

- 2 bd tich hgp Capture, Compare, PWM

- Capture 16-bit, do phan gidi t6i da 12.5
ns

- Compare is 16-bit, dd phan giai t6i da
200 ns

- PWM c6 do phan gidi ti da 10-bit

- 8 kénh bi€n d6i Analog-to-Digital 10-bit.
- Synchronous Serial Port (SSP) vGi 2

chuin: SPI (Master mode) va 12C
(Master/Slave)

- Universal Synchronous Asynchronous

Receiver Transmitter (USART/SCI)

- Parallel Slave Port (PSP) 8-bits, c6 cac

chan diéu khién RD, WR va CS

- Brown-out Reset (BOR)

12




Robot di dong theo diu tudng 3. Thi€t k€& va thuc hién phan citng

3.3 Thiét ké khung giao tiép 12C

3.3.1 Ly do sit dung giao ti€p 12C

Vi diéu khi€n PIC 16F877 hd trg nhiéu chuin giao ti€p, trong d6 cé chuin
giao ti€p 12C dugc st dung lam cho giao ti€p giita cdc module trong robot nay.
Chiing t6i chon st dung chuan I2C vi mdt s6 1y do sau:

- 12C hd tr¢ mot mang nhiéu thi€t bi k€t ndi v6i nhau. SO thi€t bi tdi da c6 thé
c6 trong mang 12C gom 1 module master va 127 module slave (hién tai méi dung 2
module slave). Nhu vay robot con nhiéu kh3 ning md rong vé sau.

- Chuén I2C 13 chudn thong dung, dugc st dung nhiéu trong cic linh kién
ding ch€ tao robot di dong (nhu cdm bi€n siéu Am SRF08, cAm bién la ban
CMPS03). N&u sau nay ché& tao mot robot di dong dua trén cd s§ robot bim theo
tudng, ta ciing d& dang tich hgp céc linh kién khac vao robot.

- Moi trudng lap trinh dang diung hd trg t6t cho viéc giao ti€p bing 12C.
Chiing t6i di thif nghiém va tha'y chuong trinh giao ti€p hoat dong 6n dinh.

Pé& hi€u thém vé chudn giao ti€p 12C, xin xem phu luc A.

3.3.2 Khung giao tiép I2C trong robot
Céch thitc truyén tin hiéu qua I2C trong robot dugc quy dinh nhu sau:

- Module master chi ghi gid tri vao cic module slave, khong c6 ché do doc.

- Pia chi cia module slave diéu khién di chuyén bdnh trdi 12 0xAO, cla
module diéu khi€n di chuyén banh phdi 1a 0xCO. Mdi khi mudn gti dit liéu cho
module slave nao, module master gii 1 byte dia chi cia slave do, sau d6 gui ti€p 2
byte dit licu.

- Dit liéu gl tr module master dé€n module slave 12 mot bi€n s6 nguyén 16
bit. Trudc khi giti né phdi dudc cit thanh 2 byte, sau khi module slave nhan thi
ghép 2 byte d6 trd lai thanh s6 nguyén 16 bit ban dau.

- 0 mdi chu ky hoat dong, module master glti cho mdi module slave mot dit
liéu, 12 van tdc yéu ciu module slave dat dugc. 2 dif liéu dudc gti lién ti€p dé
gidm do tré ddp Gng giita 2 module slave.

13



Robot di dong theo diu tudng 3. Thi€t k€& va thuc hién phan citng

3.4 Thiét ké& dé” di chuyén va by diéu khién dong co

3.4.1 Thiét k& d€ di chuyén
Cédc thanh phin clia d€ di chuyén:

- 2 bdnh din ddng, gin vao 2 ddng co c¢6 hop gidm tdc, c6 hdi ti€p bing
encoder quang. Mdi dong co dudc diéu khién bdi 1 mach dién riéng. Mach diéu
khién, ddng co va b4anh xe ciu thainh mot module di chuyén, robot ¢6 2 module di
chuyén trdi va phai tdch rdi nhau.

- B4nh tuy dong 12 mot banh cdu, dit § sau xe.

Ban vé thi€t k&: xem bdn v& mo hinh robot (bdn vé dinh kém).

Hinh 3.3 M5 hinh d€ di chuyén Iat ngugc

3.4.2 B9 diéu khién PID [15]
M5 hinh diéu khién PID dudc st dung & day 1a:

i pid_velocity |:| |E| |z|

File Edit %ew Simulation Format Tools  Help

DS@E&E &&= 2] » =[nma e BRE O ®

Welocity numz) | Melosity

el w1 )
dents) Wheel
DC Matar

Command

Darivative

“Welocity feedbadk

Ready oo | [ lode45 o |

Hinh 3.4 Bo diéu khién PID van tdc theo md hinh song song

14



Robot di dong theo diu tudng 3. Thi€t k€& va thuc hién phan citng

Bo PID dudgc st dung @€ ddm bdo van tdc quay ma module diéu khién trung
tAm ra 1énh cho module di chuyén thuc hién.

- Pau vao clia bd PID: van toc yéu cau, don vi 1a vong/phiit.

- Tin hiéu hdi ti€p: van téc hién thdi, tir sd xung encoder doc dudc trong 1 chu
ky, d6i ra vong/phiit.

- béi tugng diéu khién: van tdc dong co.

- Piu ra cta bd PID: gi4 tri chu ky do rong xung (PWM duty) cda dién 4p hai
ddu dong co.

Phuong phap thuc hién b di€u khi€n PID van toc: do khong c6 nhiéu thdi
gian dé tim cdc thong s6 clia dong cd nhim md hinh hod dong cd, ching toi 1ap
trinh b diéu khi€n dong cd trén vi di€u khién PIC véi cdc gid tri kp, ki va kd thay
ddi dugc. Khi hiéu chinh tir tir cdc tham s kp, ki va kd va xem ddp ng ctia bo diéu
khién, chiing t6i lwa chon dudc bo tham sd thich hgp cho bd diéu khién.

Ta c6 thé thdy ddp ng cia bd PID thay ddi theo su thay d6i nhd clia cdc hé
s6 diéu khién thong qua cdc @b thi & hinh 3.5 va hinh 3.6. Bd PID dudc trinh bay &
hinh 4.6 dugc xem 12 t6t hon bd PID & hinh 3.5 (ddp tng dat mitc yéu cau, it dao
dong), d6 12 bo PID t&t nhat ma chiing toi tim dugc cho cdc module di chuyén cla
robot.

PID,kp=8,ki=1,kd=1 - Dap ung cua bo dieu khien PID
30 T T T T T T

command

20+ B

v (rpm)
=
a
—

101 B

\! |

response

4
T

0 1 1 1 1 1 1 1 1
0 200 400 600 800 1000 1200 1400 1600 1800
t(ms)

Hinh 3.5 Ddp tng ctia by didu khién PID véi kp=8, ki=1, kd=1
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Robot di dong theo diu tudng 3. Thi€t k€& va thuc hién phan citng

PID,kp=8.2,ki=1,kd=0.8 - Dap ung cua bo dieu khien PID
30 T T T

response
25+

command

/I\/WM L

) MU i |

Hinh 3.6 Ddp tng clia bd diéu khién PID véi kp=8.2, ki=1, kd=0.8

Céc chi tiéu ctia bo diéu khién PID:

20

v (rpm)

1 1 1
500 1000 1500 2000 2500 3000
t(ms)

- Thdi gian dat mic (rise time): 400ms
- Do vot 16 (overshoot): 40% (twong ng vdi 2 xung encoder/10ms)
- Thai gian xdc lap (settling time): 1000ms

Nhan xét: Do dong co dugc sit dung 12 mot dong co khong tdt (coOng sudt 4W,
toc do t61 da khodng 1000 vong/phiit, ti s6 hdp gidm toc 1a 10), cong véi encoder ¢
dod phan gidi khong cao (gid tri vot 16 40% tuong ng véi 2 xung encoder trong 1
chu ky 14y mAu 12 10ms), hon nita ta lai st dung dong cd & t6c dd quay thap, nén
k&t qua ctia bo diéu khién PID khong dudc tot. Tuy nhién, néu khong cé cdc thanh
phan I va D thi bo diéu khién P thong thudng s& khong thé ddp wng dudc van toc
mong mudn trong thdi gian ngin, d6 1a 1y do phai st dung bo diéu khién PID.

3.5 Thiét k& cam bién

3.5.1 M6 hinh to4n hoc cta cam bién

Viéc thi€t k€ mot cdm bi€n t6t c6 § nghia rat quan trong trong robot di dong
nay, d€ lam dugc diéu d6, ta cAn mdt mo hinh todn hoc hgp 1y. Mot s6 md hinh
toan hoc clia cdm bién da dugc nghién cttu, cudi ciing ching tdi dwa ra md hinh
todn hoc & hinh 3.7 @€ thuc hién cdm bié€n cho robot.
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Robot di dong theo diu tudng 3. Thi€t k€& va thuc hién phan citng

e,=d-d,=d,*cos(e,)-d,

e,=¢-¢,,~arctg((d,-d,)/h)

Robot Robot platform
direction
vector
/ :

Robot’s
control center

Hinh 3.7 M5 hinh todn hoc clia cdm bién

Cam bién dugc set vi tri ban diu Gng v6i e,=0 va d=d,. Khi robot chuyén
dong, 2 thanh trugdt ti€p xidc véi tudng qua 2 con lin tai cdc ti€p di€m W va W'. Do
ban kinh cong clia tudng 16n, ta xem tudng trong doan WW' 13 thang. Hon nita, nhd
r nhd nén e; khong ding ké, ta xem e5=0. Cong thic tinh e va e, la:

e =d- d,=d,*cos(e)- d,

. 3-1
ez:f'fwzardg(dl—hdz) 311

vdi dy, d,: @6 dich chuyén cta thanh trugt 1 va 2
h: khodng cédch gitra 2 thanh trugt.

3.5.2 Thyc hién cdm bién

Module cdm bi€n bao gdm 3 bo phan chinh: 2 thanh trugt c6 con lin & dau dé
ti€p xtic véi tudng, 2 encoder d€ do do dich chuyén cia cic thanh trugt va 1 vi diéu
khién d€ doc dd dich chuyén.

Thanh trugt dudc gin 10 xo (6 day dung diy thun) diy ra dé ludn ti€p xic véi
tudng. Trén mdi thanh trugt cé gin diy kéo doc theo thanh, khi thanh trugt chuyén
dong, diy kéo s& kéo con lin chuyén ddng. Do con lin dugc ndi chit v6i truc
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Robot di dong theo diu tudng 3. Thi€t k€& va thuc hién phan citng

encoder nén chuyén dong clia con lin s& lam quay dia clia encoder, véi mdi dich
chuyén nhd cia dia, encoder s& gti xung vé cho vi diéu khién dé xt ly. Mdi
encoder truyén tin hiéu vé& cho vi diéu khién qua 2 dudng A va B, ching dugc cho
vio mot IC flip-flop d€ xdc dinh chiéu quay ciia encoder. Vi diéu khi€n nhan tin
hiéu tir cac encoder qua 2 cong CCP (capture) va diing 2 chan digital input (RE1 va
RE2) d€ nhin biét chiéu quay gi tir IC flip-flop, cdc xung gt tir encoder vao cong
CCP sé& tao ra ngit (interrupt) d€ tién viéc tinh todn trén vi diéu khién, tin hiéu &
cdc chan digital input sé& cho vi diéu khién biét dugc xung d6 tng vdi chuyén dong
vao hay ra ctia thanh trugt.

So @4 mach thu tin hiéu tir encoder:

USA

RE1 =
5 2 4
e1e b N 3
x Q 3 2
CLK S—
— | vee
———vcT
CLR 7y veT R15 ¢ R =
1k8 > [k
CCP1 Encoder 1
7474 — e
J3
UsB —
RE2 12 4
512 b ¢ — .3
* Q 11 2
CLK 0
— |13 vcc
o VvCT
%% 10 Vb R17 2 R =
k8 > [k
CCP2 Encoder 2
7474 — " e

Hinh 3.9 Hinh chup module cdm bi€n
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3. Thi€t k&€ va thuc hién phin ciing

3.6 Thiét ké cdc mach dién ti

3.6.1 Mach module master

VvCC

Swi

R10 10k

=Tl
O €]

c8
0.1uF

—h

+ C9
470uF

I

J9

RESET button

|

Ul

MCLR RB7

i

RAO

RAL

RA2

LS2

SPEAKER

J6

J4

5 REY

RE2

~lolo| s

1|
1 & 8

o

RA3
RA4
RA5
REO
RE1

VCg

VCC

RE2

VDD

GND

CCP2

RCO

CCP1

RC1

NN TN SY ()

RC2

RC3

RC4

RCS5

RC6

RC7

RB6
RBS
RB4
RB3
RB2
RB1
RBO
VDD
GND
RD7
RD6
RDS
RD4
RD3
RD2
RD1

RDO
oL
o]

N

SW5sw PUSHBUTTON 4
[ B
SW4 SW|PUSHBUTTON 3

T—O [e}
SW3 SW| PUSHBUTTON 2

J7

CIOYCNES

[

VCC

|

PORTB_L g

J1

N[0Sk [N|w| & |0o|N|®|o|S

BN MENIGSYEN]

PORTD

53
W2 SW|PUSHBUTTON 1
[

L5

i

PIC16F8J<7
<

4 4

J5
12C line

VCC
12C line sup “‘

o I
™=

2
1 RX

Serial line

Hinh 3.10 SJ dd nguyén 1y cda mach module master
Céc thanh phin va chifc ning cda ching trong mach master:
- Vi diéu khién PIC 16F877: bo xit 1y ctia ci mach.

- Ngb giao ti€p ndi ti€p: d€ giao ti€p v6i mach nap va chuong trinh ki€m tra
trén may tinh.

- Ngé giao ti€p 12C: d€ giao ti€p vdi 2 vi diéu khién clia cdc module slave.

- 2 ngd ndi v6i encoder d€ doc tin hiéu tir cAm bi€n, c6 mot IC flip-flop dé
dém cho tin hiéu tir encoder.

- 4 ndt bAm phuc vu viéc nhan Iénh tif ngudi st dung.

- 1 loa danh d€ bdo hiéu cdc giai doan trong chuong trinh.
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=
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L4
¥
¥
¥
L

g
E

Hinh 3.11 Hinh chup module master

3.6.2 Mach module slave
GOm 2 khdi: khdi xit 1y chinh va khéi khuéch dai cong suat.
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R10 10k
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RA5  RBL [~33—X IT
RBO (35 T 7474
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RE2 GND (57 |I-
VDD RD7 [5g

GND RD6 [55

RCO RD5 5~

RC1 RD4 [55
1 2 || R(c:g RDg 21

R RD

DIR Lz H 4 RC4 RDL

55| RC5  RDO [
561 RC6 OFc14—
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5
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1 470 R14
2 I a7
3 T
SDA 1
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Ls2 — f li
MCLR RB7 [~ g 2 H
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3
1

|
o
>
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SPEAKER To ENCODER

o
o
m
S

|
RARARNAN

BRAKE "”

a|o|o|~|oo|0

J3

PWM

- 4BIT7SEG_DISPLAY

4

5
12C line vee [Is

: VCC |||' X
X
(1 RX

Serial line

Hinh 3.12 So dd nguyén ly khdi x{t Iy chinh cia module slave

Céc thanh phin trong khdi x{t 1y chinh:
- Vi diéu khién PIC 16F877: bo xtt 1y ctia module.

- Ngd giao ti€p ndi ti€p: d€ giao ti€p véi mach nap va chuong trinh ki€m tra
trén mdy tinh.

- Ngé giao ti€p 12C: d€ giao ti€p vdi vi diéu khi€n clia module master.
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Robot di dong theo diu tudng 3. Thi€t k€& va thuc hién phan citng

- Ngd noi véi encoder d€ doc tin hiéu hdi ti€p, c6 mot IC flip-flop d€ dém cho
tin hi€u tr encoder.

- 1 loa danh d€ bdo hiéu.

Khoi khuéch dai cong suit:

P1
1o |,
2__vce
3 12vDC
4

POWERS

R4 100 1SO1 PC817 Cl  O.1uF
BRAKE 1]
I

= MOTOR OUT 1
Q T R7 5k tewz  ourz 0

BIN csouT g To MOTOR

R5 100 1S02 PC817 c2  O.1uF
DIR || U2
1 MOTOR OUT 1
I 1 BP1 outt (4

o S < 3

5 DIN TFOUT
PIN

9
U4A ° 7
24VDC 6 GND Ii
741504 RO

u3 vs c6
u4B R8 100 LMD18200/TO
N x—1 N Vs F—— A —

g Anode VouT

7 c7
6
Cathode VOUT [—X c3 0.1UF
TALSO4 | e A f\ o GND %_—“— —
TLP250 =

= MOTOR DRI VER BLOCK
Hinh 3.13 So db nguyén ly khoi khuéch dai cong suit clia module slave

Céc thanh phan trong khdi khuéch dai cong suat:
- Chip didu khién dong co LMD18200.

- 3 opto d€ céach ly cdc ngd vao cda chip LMDI18200, bdo vé phidn mach phia
trude.

- C4c cong logic d€ nin tin hiéu cho ngd vaio PWM.

Hinh 3.14 Hinh chup module slave
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Robot di dong theo d4u tudng 4. Thuc hién bd diéu khién
va ki€m chitng gidi thuit

4
THUC HIEN BO PIEU KHIEN
VA KIEM CHUNG GIAI THUAT

4.1 So do giai thudt chuong trinh
Gidi thudt cho robot di dong theo tudng dudgc thuc hién nhd 2 chuong trinh,

mot chuong trinh danh cho master module (chudng trinh chinh) va chuong trinh kia
danh cho slave module (chuong trinh phu).

Chuong trinh chinh c¢6 nhiém vu 12 bd diéu khién full-state feedback clia toan
hé thong, chuong trinh phu c6 nhiém vu 12 bo diéu khi€n PID vén t6c cho mdi badnh
xe. Chitc ning cu thé clia titng chudng trinh dudc dé cip & phin 3.1.

Céc chuong trinh dudc 14p trinh biing ngdn ngit C, bién dich cho céc vi diéu
khién PIC bing trinh bién dich PIC-C, sau d6 nap vao cic vi diéu khién (nap
chuong trinh chinh vio vi diéu khién & master module, nap chuong trinh phu vao 2

vi diéu khién & 2 slave module).

M3 ngudn clia cdc chuong trinh: xem phu luc B.
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Robot di dong theo d4u tudng 4. Thuc hién bd diéu khién
va ki€m chitng gidi thuit

4.1.1 Giai thuat cho master module

Bit dau

Khéi tao cic cdng giao
ti€p, timer, ngit

Nhén cédc gia tri:
dg, v, st, ki, k,

Reset gid tri cAm bién

Chay tv do 1 chu ky

C6 1énh nging?

Khong

Khong

Co

Lay gi4 tri cdm bi€n

Tinh gid tri van t6¢ mdi

Gt cac van tdc cho
2 module slave

K&t thiic

Hinh 4.1 Luu db gidi thuit clia master module
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4. Thuc hién bd diéu khién
va ki€m chitng gidi thuit

4.1.2 Giai thuat cho slave module

Bit dau

Khdi tao cdc cdng giao
ti€p, timer, ngit

Nhan lénh dau tién, tinh
PWM cho chu ky diu

Poc 1&€nh hién tai
trong bo nhé

Nhin 1&€nh ngirng?

Khoéng

Co

Diing

Dirng ddng cd, khod cdc ngit

LAYy gid tri cAm bién

Bdo vé PC cdc 16i
trong qud trinh chay

Tinh van téc hién thdi

Tinh cdc sai sd van toc

Chay gidi thuat PID, tinh
PWM cho chu ky mdi

K&t thic

~

/

Hinh 4.2 Luu d6 gidi thuit clia slave module
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Robot di dong theo d4u tudng 4. Thuc hién bd diéu khién
va ki€m chitng gidi thuit

4.2 Tién hanh thi nghiém
Cac thi nghi€ém dudc thyc hién nhu sau:

* MOi trudng hoat dong: gdm tudng va sin nha. Tudng cin dugc 16t mot 16p
dém dé c6 bé mit ém va tron. Bé mit tron dé gidm luc ma sat tdc dong l1én robot
thong qua cdm bié€n ti€p xidc, bé mit ciing cAn ém dé gidm rung dong cho cim
bi€n, vi theo quan sdt, sy rung dong & cdm bi€n s& gy ra sai s6 doc encoder. San
nha ciing dudc 16t dém d€ ting hé s6 ma sit giita banh xe vé6i san, va cling nhim
giam rung dong cho robot.

* Robot di dong: robot dugc nudi bing ngudn dién & ngoai. Thong qua céc
thi€t bi bi€n thé&, n 4p, tir ngudn dién xoay chiéu 220V/50Hz ta c6 dudc cdc ngudn
mot chiéu (5V, 12V va 24V) d€ nudi robot. Trén module master ciia robot ¢ cim
day noi véi mdy tinh qua cdng giao ti€p ndi ti€p, d€ robot truyén cic két qua do
dugc vé mdy tinh.

* M4y tinh: ching t6i ding mot mdy tinh laptop c6 cdng giao tiép ndi ti€p
(chuan RS-232) @€ vira ra 1énh cho robot, vira quan sdt cac trang thdi cia robot.
M4y tinh c¢6 mot chuong trinh dang "terminal" d€ ghi 1énh va nhin dit liéu qua
cong noi ti€p, dit liéu nhian dugc s& dude lvu thanh file k&t qua, file nay s& dugc xi
ly bing phan mém Matlab d€ thé hién k&t qua thi nghiém qua cdc dd thi.

Ti€n trinh thuc hién mot thi nghiém gdm cic budc:

- Bat ngudn dién, reset cdc vi diéu khién trén robot, cai dit thong sd cho
chuong trinh terminal trén mdy tinh. Cai dit vi tri chuin cda cim bi€n, sau dé dich
chuyén robot dé tao dd 1éch ban ddu cho cdm bién.

- Truyén cdc tham s& cho module master clia robot, cdc thong sd dugc truyén
theo thit ty gdm: khodng cdch mong mudn dO, van td¢c mong mudn vr, thdi gian 13y
mau st, cic tham sd clia bo diéu khién k1 va k2.

- Pgi robot di chuyén dén hét doan dudng cin thi nghiém, ngirng robot va luu
két qua thi nghiém.

- Chay phin mém Matlab dé xtt Iy k&t qua thi nghiém va nhan xét.

Do bi gidi han vé thdi gian nghién ctu, cdc thi nghiém trén tudng cong chua
dudc thuc hién. Ching tdi chi xin trinh bay & ddy cédc thi nghiém robot di chuyén
theo tudng thang.
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4. Thuc hién bd diéu khién

7 &

Hinh 4.3 MO hinh thi nghiém

~ - R 2/, : . A
va kiém chitng gidi thuit

4.3 So sanh cdc két qua mé phong va thi nghiém

4.3.1 So sanh két qua mé phéng biing Matlab véi ké't qua thi

nghiém

Chiing toi ti€n hanh rit nhiéu thi nghiém véi tudng thing, sau day 1a mot s
thi nghiém cho k&t qua dién hinh va cdc nhin xét.

Bang 4.1 Thong so thi nghiém

Tham sé Gid tri Don vi Ghi chi

do 0.25 m do 12 gidng nhau trong tat ca céc thi
nghiém

Vv, 0.05 m/s

st 0.4 S st kha 16n, do bd diéu khi€n dong cd ddp
ng chim

Kk, 3.5

k, 615

e; ban dau | 0.0178 m Tinh ngugc tir gid tri hai encoder & cdm
bi€n

e, ban dau |-0.1955 rad Tinh ngugc tir gia tri hai encoder  cam

bién

D4 thi so sdnh giita k&t qud md phdng va két qua thi nghiém:
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Robot di dong theo d4u tudng

4. Thyc hién bo diéu khién

va kiém ching gidi thuit

Experiment 14 - GIA TRI CUA BIEN w
2 T T T T
1.5
thuc
l |
mo phong
@
g
-0.5
U 1 1 | 1 1
0.4 5 10 15 20 25 30
t(s)
2, A . 2 A ~
Hinh 4.4 So sanh d6 thi cua van toc robot
Experiment 14 - DO LECH KHOANG CACH =
25~ T
20+ ‘H\ -
15 \ u
10
£ mo phong
E
—
(4]
5
0
5L
ol 1 1 | 1
0.4 5 10 15

20
1(s)

25 30

Hinh 4.5 So sdnh dd thi clia sai sd khodng cich
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Robot di dong theo d4u tudng 4. Thuc hién bd diéu khién
va ki€m chitng gidi thuit

Experiment 14 - DO LECH GOC e,
20 T T

1
15]- ‘\‘ i
(| mo phong

thuc

e, (degree)

1
0.4 5 10 15 20 25 30
t(s)

Hinh 4.6 So sdnh do thi clia sai sd géc

Nhian xét 1: K&t qud thuc c6 dd thi khd giong dang dd thi cda k&t quid md
phdéng, diéu nay cho thdy viéc mo phdng di chi dudng ding din cho thyc nghiém.

Nhan xét 2: K&t qua thuc khd xau so v6i k&t qud mo phdng. Piéu nay ciing
d& hi€u vi robot thuc cda ching ta chiu nhiéu tic dong cla cic sai s6 khi ché tao,
cdc sai s0 do linh kién phin ciing va cdc sai s6 nhiéu, trong khi viéc md phdéng
dudc thyc hién trong moi trudng 1y tudng.

Nhan xét 3: Bo diéu khién 13 hoi tu. Thdi gian hoi tu 12 khodng 10s theo mo
phdng va khodng 15s theo két qua thi nghiém (ta ddnh gid gia tri thdi gian nay la
dua vio nhan xét ring tir thdi di€m 15s, cdc gid tri el va e2 khong thay ddi nhiéu,
chiing dao dong & gin di€m can bing).

4.3.2 Cac nhan xét bo sung

Ta xét thém cdc do thi két qua clia thi nghiém da néu & trén:
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Robot di dong theo d4u tudng 4. Thuc hién bd diéu khién
va ki€m chitng gidi thuit

Experiment 14 - GIA TRI CUA BIEN encoderl VA encoder2

1000 - B

500f| | -
\ encoder2

e, €, (pulse)

-500 - B

encoderl

-1000 ! . .
0 5 10 15 20 25 30

t(s)

Hinh 4.7 Gi4 tri cia cdm bién

Experiment 14 - GIA TRI CUA BIEN w VA W, 4
1 T

0.6 B

Wy all

0.4+ B

0.2+ B

(rad/s)
o
T

-0.4- B

-0.6 B

-0.8 B

L
0.4 5 10 15 20 25 30
1(s)

Hinh 4.8 Gia tri van td¢ géc cia robot va van téc géc (wSc lugng) cia twdng
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Robot di dong theo d4u tudng 4. Thuc hién bd diéu khién

va kiém ching gidi thuit

Experiment 14 - e VA e,

e, (m*10")e, (rad)

|
0.4 5 10 15 20

25 30
1(s)

Hinh 4.9 Bié&n d6i clia cdc sai léch trong qud trinh hoat dong

Experiment 14 - SO SANH Wit VA Wiight
30

25r H Wright Wieft 7

20

=
a1

Wiei Wrighe PM)

10

|
0 5 10 15 20

25 30
t(s)

Hinh 4.10 Gi4 tri vin toc ra 1énh cho 2 banh xe
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Robot di dong theo d4u tudng 4. Thuc hién bd diéu khién
va ki€m chitng gidi thuit

Nhin xét 4: Bd diéu khién 12 8n dinh v6i do 1éch ban dau nim trong viing 1an
cin di€m cin bing. (thit ra thi nghiém dugc néu trén diy cé d6 1éch ban dau nim
gan bién clia viing 1an cin d6).

Hai thi nghiém sau diy sé& cho thdy t6c do hoi tu ctia 2 sai sd khodng cdch va

7z

gbc:

Bang 4.2 Thong so ctiia 2 thi nghiém (TN) dung d€ so sdnh

Tham sé Gid tri Pon vi Ghi chu
TN1 TN2

do 0.25 0.25 m

v, 0.05 0.05 m/s

st 0.4 0.4 S

k, 3.5 3.5

ks 615 615

e; ban ddu | 0.0017 [0.0160 |m TH1: e, ban dau rdt nhé; TH2: e, ban
dau 16n

e, ban ddu |-0.1203 [ 0.0516 |m TH1: e, ban dau 16n; TH2: e, ban dau
rat nhd

Céc dd thi két qua dugc cho & hinh 4.11.

Nhan xét 5: Sai sd vé géc (e,) hodi tu nhanh hon sai s6 vé khodng cich (e)).
Khi robot nhin e; ban dau 16n, thdi gian hdi tu chung clia cd 2 sai s6 s& bi kéo dai
hon so véi trudng hdp e, ban dau 16n.
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4,

Thuc hién bd diéu khién
va ki€m chitng gidi thuit

e, (m*10%)/e, (rad)

e, (m*10™Ye, (rad)

Experiment 10 - e VA e,

t(s)

b. Po thie, va e, cia TN2

0.15+ B
&
-0.21 B
-0.25+ B
L L L L L L L
0.4 5 10 15 20 25 30 35
t(s)
A . N 2
a. bo thie; va e, cua TN1
Experiment 15 - e VA e,
T T
0.25+ B
0.2+ e, N
-0.15+ B
-0.2 B
-0.25 B
| | | | | | |
0.4 5 10 15 20 25 30 35

Hinh 4.11 So sdnh cdc do thi e; va e, clia hai thi nghiém
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Robot di dong theo dau tudng 5. K&t luan

5
KET LUAN

5.1 Dj thich hop cua gidi thudt

Ludn vin nay d3 ki€ém nghiém dugc bd diéu khién cho robot di dong bim
tudng. By diéu khién dugc dung 12 bo diéu khi€n hoi ti€p tit cd trang thdi (full-
state feedback controller). K&t qud thi nghiém da ki€m chitng tinh hoi tu va 6n dinh
Lyapunov ctia b diéu khién.

5.2 Nhitng han ché ciia dé tai

5.2.1 Vé viéc ché tao phan ciing

Do chua ¢6 nhiéu kinh nghiém trong viéc gia cong cd khi, chiing tdi da phdi
mAt rat nhiéu thdi gian cho viéc ché tao phan co cda robot. Tuy viéc ché tao con
nhiéu sai s&, robot ciing dat diéu kién vira dd dé phuc vu cho viéc thi nghiém.
Khuyét di€m 16n nha't & robot nay 14 st dung cdc dong co cii (2 dong co mua § chg
dong co cii trén dudng Vinh Vién, Q.10, Tp.HCM), véi cdc thong s6 khong dim
bdo va mémen tdi nhd, dong cd c6 ddp dng chAm kéo theo thdi gian 14y miu clia
hé thdng phdi 16n, Iam cho két qué thi nghiém khong t6t nhu mong mudn.

5.2.2 Nhitng hién tugng anh huéng dén két qua va cach khiac
phuc

Trong qu4 trinh thuc hién d€ tai, ching tdi quan sit thAy mot s6 hién tugng cé
thé gay sai 1éch & k&t qua. Nhiim gitip cdc ban sinh vién di sau ti€t kiém thdi gian,
chiing tdi xin trinh by cdc hién tugng d6 va dé xua't cdch khic phuc.

Bang 5.1 C4c hién tugng dnh hudng dén két qua va cdch khic phuc

Hién tugng Cdch khdc phuc

P06 rd clia cdc khép ndi gifta truc Gia cdng banh xe bing kim loai
dong co (qua hop gidm tdc) va bdnh xe, | (nén diing nhdom), ¢ ging gidm sai s6
bdn kinh 2 bdnh din dong khong bing | khi khoan 15 truc banh xe.
nhau. Hau qua: b diéu khién PID hoat
dong khong tot.
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5. K&t luan

Rung dong & cdc thanh trugt va
encoder trén cdm bién s& giy ra sai sO
clia cdm bi€n, sai s6 tich luy trong thdi
gian hoat dong clia robot s& di 16n dé
din dén k&t qua x4u & bo diéu khién.

G4 chit encoder vao cdm bién;
st dung cédc thanh trugt chinh xdc;
gidm rung dong cho robot bing viéc
tao ra tuong va san ém.

Chuong trinh diéu khién 16n, khi
bién dich bing PICC c6 thé khong hoat
dong ding (do 16i clia trinh bién dich)

Ti€t kiém bd nhd chuong trinh
bing ciach han ch&€ dung bién s6 thuc
va cdc lénh xudt/nhidp qua cOng noi
ti€p, nén gidi han chuong trinh trong
khoang <80% ROM.

K&t qui md phdng c6 thé tot véi
nhiéu bd (k1,k2), nhung khi dua vio
robot thuc thi chi c6 mot s6 bd (k1,k2)
thich hp.

Céc tham s0 k1 va k2 ctia bo diéu
khi€n cin phdi do lai trong khi thi
nghiém biing cdch diéu chinh sau mdi
thi nghi€ém.

5.3 Hudéng nghién citu tiép

Pé ti€p tuc dé tai nay cho d&€n hét nhiém vu kiém nghiém gidi thuit, chiing
t6i xin d€ nghi huéng nghién citu ti€p nhu sau: cdi ti€n phan co clia robot d€ gidm
céc sai sO ché tao, thay cdc dong co hién cé bing 2 dong co mdi v6i bo truyén dong
c6 ti s6 truyén 16n, ddng thdi gdn encoder c6 d6 phan gidi 16n hon vio dong co dé
ting kh4 ning diéu khién van tdc; ¢d ging gidm thdi gian 14y miu cla chuong trinh
chinh; 14p trinh bd diéu khi€n diing bd quan sit d€ so sanh toc do hoi tu giita viéc
diing bd diéu khi€n nay vdi bo diéu khién hdi ti€p tat ci trang thdi dd thuc hién

trong dé tai.
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PHU LUC A
SO LUGC VE CHUAN GIAO TIEP I2C [14]

I2C 14 chuin giao ti€p ban diu dugc hing Philips phdt trién d€ phuc vu
cho céc giao ti€p vé6i Tivi, sau d6, do nhitng 16i thé clia chudn giao ti€p nay
nén né di trd nén rat phd bi€n trong cong nghiép. Cic tai liéu vé chuin 12C
dudc cung cAp rat day dd va chi tit tai trang web clia hiang Philips.

Microchip da tich hgp chuin giao ti€p nay vao phan citng cho mot sd vi
diéu khién, trong @6 c6 PIC16F877. Chuan nay dudc bi€t dusi dang chuin
giao ti€p déng bdo SSP. Trong chuin giao ti€p SSP ¢6 hai chuin con 1a chuin
SPI va I2C. SPI 1a chudn giao ti€p ndi ti€p dung 1 day ndi, va 12C 1 chuin
giao ti€p ndi ti€p 2 day. Day SDA 1a diy d€ truyén dir liéu va diy SCL 1a
day @€ giit nhip cho dit liéu truyén.

Chuén I2C 13 chuin giao ti€p trong d6 ding mot thiét bi 1am Master,
va céc thiét bi khdc trong mang 13 Slave trong mot thdi di€m nh4't dinh. Tai
mot thdi di€m, Master c¢6 quyén doc va xudt dit liéu qua tit cd cdc Slave
thong qua dia chi cia Slave doé.

Master bit dau qu4 trinh doc hoic ghi dit liéu vio mot Slave bing cdch
dit tin hiéu Start (S) vdo dudng truyén (hinh A.1 va A.2). Byte ti€p theo
dudc gtti di 12 byte dia chi cla Slave cAn giao ti€p. Qud trinh truyén nhin
dugc két thiic bing bit Stop (P).

Sau diy la bi€u d6 thdi gian truyén va nhan trong chuin giao ti€p 12C

L Cleared in softwars
SESPBUF register iz read

SSPOV (S5PCOMN=6=) '—
Bit S5PCV is set because the SSPBUF register is still full. 4
ACK is not sent.

. RIW=0 Not
e Receiving Address iCE Receiving Data Receiving Data ACE -
. T
1 T
—I—L|,r—"—.'—\.'——|.—',.'—| GL Ay A = Al = = A
LAY A AW AW AW AN \_a.'f-_."g}urer_n WAWENONSWEND '_U_' SN AW EW W W E TN 'p!
-
| , | :

SSPRIF i P I Bus Master
T T | terminates
| I | fransfer

BF (S5PSTAT=0=) | [

I
I

Hinh A.1: Bi€u @6 nhan dit liéu, dia chi 7 bit
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RAWN=1__ RW=0
Receiving Address ACK Transmitting Data Mot ACK »
_ﬁ: /a7 K e Y A5 Y aa) a3 Y a2 X a1 o7 DE(DHDMDE.:(DJDWDG;’_\L:/.
1 1 J_\ L 1 I
LI R ) g ' | -} ; = = T = T
= A AN AN AN AN AN AN AN AWE ',_L_l_,’l_‘-_-"?'-_f ‘L‘f‘_\'-_"?\_fs‘-_-"?'u'f' EER U
nEia ' Data in . _;EL hg'l:n':ll_.lm;-' \". ' | e
. while I
sampled fresponds o SSPIF ‘ 1
SSPIF f / X '
1 ! i :
BF (SSPSTAT<0=) ! q /
! f{ cleared in software }From SSP interrupt
: SSPBUF is writien in software | service rputine

\

CKP (SSPCON<=4=) :l

f—. Set bit after writing to SSPBUF
({the SSPBUF must be written-to
before the CKP bit can be set)

Hinh A.2: Biéu d6 truyén di liéu, dia chi 7 bit

I2C phan cttng ctia PIC 16F877 hd trg hai ch& d6 dinh dia chi 10 bit va
7 bit. Tuy nhién, ching ta van chi thudng st dung dia chi 7 bit, hd trd giao
ti€p 128 thi€t bi. Tuy vay, chudn I12C ciing gidng nhu chuan RS232, khi thao
tdc vdi cdc vi diéu khién, c6 thé dudc thiét 14p bing phan mém.

Mot 1an truyén dia chi, s& c6 8 bit, bit thAp nha't 12 bit x4c dinh ch& do
doc hodc ghi (R/W) (hinh A.2).

Chudn I2C rat dé s& dung, c6 cdc toc do truyén nhan 13 100Kbps,
400Kbps va 1Mbps, vi diéu khién PIC 16F877 hd trg toc d6 100Kbps va
400Kbps, nhanh hon nhiéu 1an so v6i chuin RS232. Ngoai ra, khong can
diing bt ky thiét bi chuyén ddi nao d€ chuyén ddi dién 4p tin hiéu, do vay,
chuin 12C thich hdp nhit cho cic giao ti€p trong pham vi ngin (dudi 1m)
giita cdc vi diéu khién.

38



Robot di dong theo diu tudng PHU LUC B

PHU LUC B
MA NGUON CAC CHUONG TRINH

Chuong trinh cho master module:

/************************

Description: This sourcecode is for the master module of the
thesis

"Study on Control of Wall-Following Mobile Robot"

by Doan Minh Dang - P9900012

Start date: 2004.05.27

End date: 2004.07.03

ek

#include <16f877.h>

#device PIC16F877 *=16 ADC=10

#include <string.h>

#include <stdlib.h>

#include <math.h>

#use delay(clock=20000000)

#use rs232(baud=9600,parity=N,xmit=PIN_C6, rcv=PIN_C7)
#use 12C(master, sda=PIN_C4, scl=PIN_C3)

#use fast_10(E)

#priority ccpl,ccp2,rb,timerl

//address

#define address_left Oxa0

#define address_right OxcO

//constant

float vr=0.05,d0=0,k1=2.5,k2=250;//unit: [vr]=m/s,[d0]=m

39



Robot di dong theo diu tudng PHU LUC B

//variables

intl vr_ok=0;

char s[5];

intl stopl=0;

intl stop2=0;

intl online=0;//operating flag
//intl6 temp=0; for testing

signed intl6 encoder_1=0;//supplemental encoder in primitive
unit, [encoder_1]=pulse

signed intl6 encoder_2=0;//main encoder in primitive unit,
[encoder_2]=pulse

//signed intl6 encoder_1 old,encoder_2_old;for filtering
signed intl6 temp_int16=0;
//float encoder_1 m=0;//d2, [encoder_1_m]=m
//float encoder_2 m=0;//d1, [encoder_2 m]=m
float d1,d2;//[d1]=m,[d2]=m

float el,e2,omega,delta_omega mu,partl,omega_left,omega_ right;
float omega_mu=0;
//float omega_mu_temp=0;
//[el]=mm
//[e2]=rad
//[omega]=rad
//[omega_mu]=rad
//[delta_omega_mu]=rad/(T*ms) (T=150)
//[omega_left]=[omega_right]=round/minute (rpm)
signed intl6 omega left _new,omega_right new;
//[omega_left_new]=[omega_right new]=round/minute
byte last_b;

intl count=0;
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int cycle_count=0;

intl new_cycle=0;

int number_cycle=2;

signed intl6 omega left last=0;
//[omega_left_last]=round/minute
signed intl6 omega_right last=0;

//[omega_right_last]=round/minute

void tilt_c5(intl6 speak time)

{//master board will speak in specified time(ms)
output_high(PIN_C5);
delay_ms(speak_time);
output_low(PIN_C5);

}

#SEPARATE

void send_commands_via_i2c(int  first_add,signed
first_data,int second_add,signed intl6 second_ data)

{

int hi,lo;

//send command to first slave
hi=make8(first_data,l);
lo=make8(first_data,0);

i2c_start();

i2c_write(first_add);

delay _ms(1);

i2c_write(lo);//send low byte of velocity
delay _ms(1);

i2c_write(hi);//then send high byte
i2c_stop();

41

intl6



Robot di dong theo diu tudng PHU LUC B

//send command to second slave
hi=make8(second_data,l);
lo=make8(second_data,0);

delay _ms(1);
i2c_start();
i2c_write(second_add);
delay_ms(1);
i2c_write(lo);
delay_ms(1);
i12c_write(hi);
i2c_stop();

void calculate_slave velocities()
{
//input: omega_left, omega_right - float, global variables

//output: omega_left _new,omega right new - signed intl6,
global variables

//This part is moved to a function to reduce memory cost
//calculate new left and right velocities
omega_left=(vr-omega*0.095)/0.033;
omega_right=(vr+omega*0.095)/0.033;

//send new omega to left and right modules
omega_left_new=(signed intl6)(omega_left*9.55);

//convert from rad/s to rpm: (rad/s)*60/2pi=rpm
omega_right_new=(signed intl6)(omega_right*9.55);

#INT_RB
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void rb_isr()
{
byte changes,new_b;
new_b=input_b();
changes = last_b ™ new_b;
last_b =new_b;
if (bit_test(changes,5))//RB5: start button
{
//b5 went low
stopl=Istopl;//if it is set, it will be clear, and vice versa

}
if (bit_test(changes,4))//RB4: stop button

{
//b4 went low
if (stopl) stop2=1;
}
delay _ms(200); //debounce
}
#INT_CCP1
void vantocl()
{
if (input(PIN_E1)) encoder_1++;
else encoder_1--;
}
#INT_CCP2
void vantoc2()
{
if (input(PIN_E?2)) encoder_2--;

else encoder_2++;
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}
#INT_TIMER1

void timerl_isr()
{
set_timerl(34286);
cycle_count+t;
if (cycle_count==number_cycle)
{
cycle_count=0;
new_cycle=1;
}
}
void main()
{
//INIT
tilt_c5(500);
set_tris_e(0x07);
set_tris_b(0Ob00110000);
last_b=input_b();
setup_timer_1(T1 _INTERNAL|T1 DIV_BY_8);
setup_CCP1(CCP_CAPTURE_FE);
setup_CCP2(CCP_CAPTURE_FE);
enable_interrupts(INT_CCP1);
enable_interrupts(INT_CCP2);
enable_interrupts(INT_RB);
enable_interrupts(GLOBAL);
//RECEIVE PARAMETERS
//vr
gets(s);
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vr=atof(s);

printf("Receive velocity desired: %f \n",vr);
gets(s);

number_cycle=atoi(s);

printf("Sampling time=%u*0.05s \n",number_cycle);
encoder_1=0;

encoder_2=0;

tilt_c5(1000);

gets(s);

kl=atof(s);

printf("k1=%*f" kl);

gets(s);

k2=atof(s);

printf("k2=%f"k2);

//first move: move straight forward with at speed=vr
omega=0;

calculate_slave velocities();

printf("Go\n");

send_commands_via_i2c
(address_left,omega_left _new,address_right,omega_right new);

omega_left_last=omega_left_new;
omega_right_last=omega_right_new;
printf("l:%ld\nr:%ld\n",omega_left_new,omega_right_new);
new_cycle=0;

//up to here, it cost 5146 timerl counts=8233us

//it will ring 500-8=492ms

tilt_c5(492);

set_timerl(34286);//overflow after 3250 machine
cycles=50ms
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enable_interrupts(INT_TIMER1);

//MAIN LOOP
while ((Istopl)&&(!stop2))
{
if (new_cycle)
{
//start new cycle
//GET d1 AND d2
d2=(float)encoder_1/51000.0;//scale: 51000 pulse/m
d1=(float)encoder_ 2/51000.0;
//SEND ENCODERS* VALUES TO PC
printf("1:%ld\n2:%Ild\n",encoder_1,encoder_2);
//CALCULATE el & e2

e2=atan((d1-d2)/0.030);
el=-d1*cos(e2);

//calculate omega
partl=vr-(el+d0)*omega_mu/cos(e2);
omega=k2*partl*el-kl*sin(e2)+tomega_mu;

//calculate new omega_mu
delta_omega mu=el*(el+dO)*tan(e2)-sin(e2)/k2;
delta_omega_mu=delta_omega_mu*0.05*number_cycle;
omega_mu +=delta_omega_mu;

//calculate data to send to slave

calculate_slave velocities();
//CHECK FOR EXCEEDED VELOCITIES
if (omega_left_new>90)//maximum limit

{
printf("ERR1");//errl: Left velocity exceed the range
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omega_left _new=90;
}
if (omega_left_new<-90)//maximum limit
{
printf("ERR2™);//errl: Left velocity exceed the range
omega_left new=-90;
}
if (omega_right_new>90)//maximum limit
{
printf("ERR3™);//err2: Right velocity exceed the range
omega_right_new=90;
}

if (omega_right_new<-90)//maximum limit

printf("ERR4™);//err2: Right velocity exceed the range
omega_right new=-90;
}

//SEND NEW VELOCITIES

send_commands_via_i2c
(address_left,omega_left _new,address_right,omega_right new);

printf('l:%ld\nr:%ld\n",omega_left_new,omega_right new);
omega_left last=omega left new;
omega_right_last=omega_right_new;
//wait until next cycle
new_cycle=0;
}

}
//SEND STOP COMMAND
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send_commands_via_i2c(address_left,0xffff,address_right,Oxffff
);

tilt_c5(200);//ringing for stop declaring

delay_ms(200);

tilt_c5(200);

Chwong trinh cho slave module:

/**************

Description: This program is used for controlling motor DC
velocity with PID method.

There are slight differences between the programs for left
and right modules.

Doan Minh Dang - P9900012

Start date: 2004.04.27

End date: 2004.06.20

e —

#include <16f877.h>

#device PIC16F877 *=16 ADC=10

#fuses hs, nowdt, noprotect, nolvp, put, brownout

#use delay(clock=20000000)

#use rs232(baud=9600,parity=N,xmit=PIN_C6, rcv=PIN_C7)

#Huse
12C(slave,sda=PIN_C4,scl=PIN_C3,address=0xa0,FORCE_HW)

#include <stdlib.h>
#include <string.h>
#include <control_motor.c>

//the function run_motor(value,condition,direct,frequency) is
used to control motor
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//constant

float kp=8.2;

float ki=1;

float kd=0.8;

//variables

intl i2c_flag=0;

intl start_cycle=0;

intl stop=0;

int i2c_error=0;

int velocity error=0;

intl6 times=0;

int error_command,;

signed int count=0;

signed int count_last=0;
signed int delta_count=0;
char s[7];

byte command_ listen[3];

int i=0;

signed intl6 command_velocity=0; //[rpm]
intl direction;

float real velocity=0;

signed int16 real_velocity print;
signed int16 duty=0;

intl6 PWMduty;

float error_rpm_now=0;
float error_rpm_last=0;
float error_rpm_last last=0;
float p_value;

float i_value;
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float d_value;
float control_value;

I171777777717717717717717777717717177177177/77/77/77/77777
1171771777777/71777/77/77/77/77/7

void tilt_a0(intl6 speak_time)

{//slave board will speak in specified time(ms)
output_high(PIN_AO);
delay ms(speak_time);

output_low(PIN_AO0);

void convert_duty()

{
I (duty<0)
{
PWMduty=-duty;

direction=0;//negative speed: rotate backward

}

else
{
PWMduty=duty;

direction=1;//positive speed: rotate forward

}

//control_motor(dir=0): backward
//control_motor(dir=1): forward
if (PWMduty>1023)
{
PWMduty=1023;

velocity _error++;
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}
if (64>PWMduty)
{
PWMduty=64;
}
}

void P1D__calculation()

{
p_value=kp*(error_rpm_now-error_rpm_last);
i_value=ki*error_rpm_now;

d_value=kd*(error_rpm_now-2*error_rpm_last
+error_rpm_last_last);

control_value=p_ value+i_value+d_value;

duty+=(signed intl6)control value;

I171777777717717717717717717717717177177177/77/77/77/77/77
111/77/71/

#INT_SSP
void ssp_isr()

{
if (i2c_poll()==FALSE)

command_ listen[i++]=i2c_read();
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// i=1;
if (i==3)

times++;
if
((command_listen[1]'=0xa0)&&(command_ listen[2]'=0xa0))
//condition: data must be received correctly
{

i2c_flag=1;

i=0;
command_ velocity=makel6(command_listen[2],command_listen[1]);

iIf (command_velocity==0xffff) //stop command

{
stop=1;
}
}
else i2c_error++;
}
}
}
#INT_EXT

void count_encoder()

{
if (input(PIN_B7)) count--;//backward rotate - left

else count++;//forward - left

//reverse for right module

}
I171777777717717717717717777717717177177177/77/77/77/77/77
/7717
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#INT_TIMER1

void update_time()

{
start_cycle=1;
set_timerl(15536); //update time = 10ms
delta_count=count-count_last;
count_last=count;

//multiplier: 4ms - 7.5; 5ms - 6; 10ms - 3
real_velocity=(float)delta count*3.0;
error_rpm_last last=error_rpm_last;
error_rpm_last=error_rpm_now;
error_rpm_now=(float)command_velocity-real velocity;

}

117177177777777777777177777777777777177777177/77/77/77/77/77
/17177

void main()

{
tilt_a0(400);
set_tris_b(0x81);
ext_int_edge(O,L_TO_H);
control_motor(0,0,0,2);
command_ listen[0]=0;
command_ listen[1]=0;
command_ listen[2]=0;
setup_timer_1(T1_INTERNAL);
enable_interrupts(GLOBAL);
enable_interrupts(INT_SSP);
while (li2c_flag) {};
delay_us(3385);
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tilt_a0(500);
set_timerl(15535);
enable_interrupts(INT_EXT);
enable_interrupts(INT_TIMER1);
start_cycle=0;
while (!stop)
{
if (start_cycle)
{
if (command_velocity!=0)
{
PID_calculation();
convert_duty();
control_motor(PWMduty,1,direction,2);
}
else {control_motor(0,1,0,2);}//stop

start_cycle=0;

}

control_motor(0,0,0,2);
disable_interrupts(GLOBAL);
disable_interrupts(INT_SSP);
disable_interrupts(INT_EXT);
disable_interrupts(INT_TIMER1);
tilt_a0(200);

delay_ms(200);

tilt_a0(200);

delay_ms(200);

if ((i2c_error>0)||(velocity_error>0))
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{

tilt_a0(1000);

}

while (1)

{

gets(s);
error_command=atoi(s);

switch (error_command)

{
case 1: printf("i2c_error:%u ",i2c_error);
break;
case 2: printf("velocity error:%u",velocity error);
break;
case 3: printf("times:%lu",times);
break;
}
}
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