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ABSTRACT

Recently, most of industrial and public infrastructures use piping
system for variety applications. The problem is that these systems
need to be not only periodically maintained and checked to ensure
the safety, stability and continuous operation but also quickly
repaired when incident happens. Along with the development of
society and economy, these issues have to be satisfactorily resolved.
Facing urgent needs, the authors propose to research and
implement a pipeline exploration robot that has ability to be remote
controlled by wireless signals, send field images to center by using
camera and handle some simple situations in the piping system with
necessary features and moderate price in comparison with existing
products. With initial results, in the near future, we will develop
specialized robots for narrower aspects with more rigorous
requirements.

TOM TAT

Hién nay, hau hét cic cong trinh trong cong nghiép va phuc vu sinh
hoat ddn sinh déu cé sir dung hé thong dwong ong. Van dé dat ra la
cac hé thong nay can phdi dwoc kiém tra, bao tri (nitt, bé va vé
diong ong) dinh ky dé cé thé dam bao tinh an todn, 031 dinh va hoat
dong lién tuc. Ciing vdi sw phat trién ciia xd hgi va nén kinh te van
dé nay cang can dwoc giai quyét théa dang. Trede nhu cau cdp thiét
dé, nhém tac gia dé xudt hudng nghién ciu, ché tao robot dwoc diéu
khién tir xa khéng day, truyen hinh anh hién truong Vé trung tam va
¢6 kha nang giai quyét tai ché mét sé tinh hudng don gian trong
duong ong voi gid thanh via phai voi cac tinh nang nhu cac san
pham dd cé. Qua d6, nhém tac gia tao tién dé phdt trién va ché tao
nhiing dong robot chuyén dung danh riéng cho cac linh vuc hep hon
va doi héi nhitng yéu cau khdt khe hon.

1 GIOI THIEU

Robot thim do duong éng co6 nhiém vu

nay giup phat hién som viéc hinh thanh cac
“hé tir than” trén duong do cac 6ng thoat nudc

thay thé con nguoi di chuyén trong cic hé
thng duong dng dé quan sat, kiém tra va khac
phuc nhimg hu hong ma con ngudi kho co thé
t6i duoc. Viéc nghién ctru va ché tao robot loai
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bi ro ri hoac vo gay ra.

Robot tham do duong éng duoc nghién ctu
va ung dung réng rai ¢ cac nudc phat trién,
phuc vu nhu cau kiém tra, stra chira cac vét
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nit, hu hong caa hé théng 6ng dan giap tiét
kiém thoi gian va tién cua. Vi du, cac chuyén
gia Pai hoc Irvine (My) dang phat trién robot
¢6 kha ning len 16i vao nhitng duong éng nudc
hu cii va tién hanh sta chita; cac loai robot
tham do va kiém tra cac hé théng thoat nudc,
cdng ngam ciing dwoc chi trong trién khai va
day manh phat trién [4].

O Viét Nam, viéc dua vao st dung céc loai
robot nay ciing dang dugc quan tam, dac biét
13 robot tham do va kiém tra tinh trang cua cac
hé théng thoat nudc gitip phat hién nhiing
nguy co hinh thanh cac “hd den” trén duong
(4 dugc trién khai & Thanh phd Ho Chi
Minh). Tuy nhién, robot chuyén dung loai nay
thuong dugc mua ¢ nudc ngoai voi gia thanh
rat cao, dong thoi chi phi bao dudng, sira chira
rat ton kém. Hién nay, viéc nghién ctu, thiét
ké va trién khai cac Gng dung thuc té cua cac
robot ndy ciing dang duoc tién hanh & mot s6
treong dai hoc (PGS.TS. Pang Van Nghin,
KS. V6 Anh Huy (Khoa Co khi, Truong Pai
hoc Béach khoa Thanh phd H6 Chi Minh) da
thiét ké va ché tao thanh cong mot dang robot
tham do duong ong) [5].

V6i nhu cau phuc vy cong tac kiém tra va
bao tri cac hé théng duong dng thoat nudc
thong dung hién nay. Dé tai dua ra giai phap
thiét ké va ché tao hoan chinh mot san pham
robot miu co cac tinh niang: di chuyén linh
hoat trong cac kiéu duong ong thoat nude cd
kich thudc @50 cm trd 1én; c6 kha nang chéng
tham, chbng nhiéu tbt, hoat déng duoc trong
cac didu kién khac nhau vé d6 sang, d6 ngap
nuéc t6i da 20 cm; truyén hinh anh hién
truong trong dudng ong vé trung tam diéu
khién (may tinh). Bac biét 1a robot dugc hoan
toan diéu khién va thu thap hinh anh tir xa
khong day.

2 PHUONG PHAP THUC HIEN
2.1 Yéu cau ky thuat

Do robot hoat dong trong moéi trueong hoat
dong dac thu la noi am udt va cd nhiéu chudng
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ngal vat nhu: rac thai, dat cat, trén dia hinh go
ghé& nén cac co ciu cuaa robot phai chéng thim
nuée va di chuyén dugc trén nhitng dia hinh
phirc tap cua duong dng. Do dé, robot duoc
nghién cttu ché tao theo hinh dang xe ting voi
banh xe dugc bao bang dai cao su. Pong co,
bo truyén dong, mach dién tir va ngudn dién
duoc dat bén trong phén than cua robot, cach
ly v&i moi truong bén ngoai.

Robot duoc thiét ké cé tinh ning thu thap
dir liéu hinh anh va diéu khién tir xa qua qua
chuan TCP/IP ctua mang wireless (nhu Hinh
1). Hinh anh duoc robot thu nhan tr mot
camera quan sat c6 thé diéu chinh dugc goc
nhin, phong to va thu nho; tin hiéu diéu khién
camera va dit liéu hinh anh dugc diéu khién
bang mot chwong trinh trén may tinh (Control
And Data Acquisition - CADA). Mach diéu
khién cua robot (Robot Controller-RC) dam
nhan nhiém vu giao tiép vsi CADA tir xa
thong qua chuan TCP/IP, tir d6 kiém soat cac
hoat dong cua robot nhu: diéu khién di chuyén
toi/lui, qua trai/qua phdi, thu thap dir li¢u
vé quing duong di, titmg dén va cac thao
tac khac.

CADA giao tiép vai robot tir xa (khong day
thong qua mang wireless) c¢6 chirc nang thu
thap dir liéu hinh anh tir mét camera quan sat
gan trén robot, truyén hinh anh hién truong
xung quanh cling nhu cac trang thai di chuyén
va hoat dong cuia robot, gitip ngudi didu khién
dé dang van hanh cic hoat dong cho robot.
Chuong trinh trén con dugc lap trinh cac chac
nang diéu khién hoat dong cua robot nhu chay
toi, lui, qua trai, qua phai... mgt cach linh dong
nhd mot tay game gan vao mdy tinh qua ngd
USB hodc thong qua thao tac trén chudt va ban
phim. Bén canh d6, chuong trinh nay con c6
céc tién ich bo sung, nang cao nhu: bio tinh
trang két ndi, toc do di chuyén, quing duong
da di dugc (bang tin hiéu tir encoder); cho
phép nguoi diéu khién quan sat hién trang
xung quanh robot bing hinh anh ma robot
truyén vé.
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Hinh 1: Mb hinh hé théng robot thim dé dwong éng

2.2 Thiét ké h¢ théng diéu khién trén robot giao ticp vol FA[?A :[u: x4 thAong qua mang
wireless. So do khoi cua hé thong duge mo ta

Mach diéu khién robot 1a ‘thanh phan rét nhu trong Hinh 2 sau:
quan trong, gitp robot c6 thé hoat dong va
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Hinh 2: So d6 khdi hé théng diéu khién robot
221 B¢ phan thu thap hink anh (IP s dAGOC xoay ngang: 270 9 (-135 den +
Camera) 0) ,
~ G6 doc: 135 d (-45 do dén + 90
Chtrc nang co ban 13 thu thap hinh anh va 0c xoay doe 0 (-45 46 den +90)

truyén vé CADA bang hé théng truyén thong Camera Vivotek PZ-6122 truyén nhan di
khong diy. Robot sir dung mot IP Camera liéu voi CADA thong qua két noi etpernet, toc
speed dome cua hang Vivotek dé thuc hign  d6 10/100 Mbps. Protocols Ipv4, ho tro dugc
chuc ning trén. Camera Vivotek PZ-6122 ¢6  cac giao thac TCP/IP, HTTP, FTP... Trong dé
cac thong s6 nhu sau: tai nay, nhom tac gia su dung giao thtrc
_ Cong nghé nén hinh anh MJPEG va TCP/H? va HTTP. Nh(y vyebs.efvef duogc tlgh
MPEG4 hop trén camera, nhom tac gia da truy xuat,
o S X thay doi céc thong so co ban cua camera (nhu

— Tinh nang xoay 4 chieu va zoom (ho Yo' thang tin camera, cac thong s goc quay cia
Zoom quang ong kinh hién tai...) va diéu khién duoc
— 10X & zoom s6 10X) camera thong qua giao thuc HTTP. Khi ¢6
dugc dia chi Ipv4 cta camera (IP), ta c6 thé

diéu khién camera bang phuong thic

________

Robot Controller

19



Tap chi Khoa hoc Truong Dai hoc Can Tho

“GET” dén dia chi: http:/IP/cgi-bin/admin/
getparam.cgi néu muén doc dir lidu va
http:/IP/cgi-bin/admin/setparam.cgi néu muén
thiét lap thong sé cho camera.

2.2.2  Mach diéu khién robot (Robot
Controller)

Mach diéu khién robot c6 chirc ning nhan
lénh diéu khién robot tir CADA va goi tro lai
cac tin hiéu trang thai cta robot thong qua
truyén tin hiéu khong day chuan ethernet.
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Robot di chuyén bang hai dong co doc lap va
duogc diéu khién bang phuong phap PWM nén
dé dang diéu khién dugc tc do, chiéu va
huéng di chuyén. Robot duoc trang bi mot
encoder dé do, tinh toan quing dudng di va
mot tin hiéu bao trang thai két ndi voi trung
tam diéu khién. Ngoai ra, robot ¢n c6 hé théng
chiéu sang bang LED luxeon giip quan sat ro
hién trudng trong duong 6ng. Hinh 3 mo ta so
dd khéi mach diéu khién robot.

11.1V
—y

LCD 16x2 J

Ethernet
Module

RJA5 SPI

ATMega32

PWM OUT
MCU

OUTPUTS

._4_4_._T_._lapu1_mgd¢le_._.
| .
: I
: Encoder inputJ Keys input J |
A i

L A ———————mTeememmmemmmmmm—™ —

Hinh 3: So d6 khdi mach diéu khién robot

2.3 Thiét ké phan mém
2.3.1 Thiét ké phan mém nhiing trén robot

Phan mém nhing trén robot c6 nhiém vu
nhan va thuc thi cac tin hiéu diéu khién tur
CADA thong qua chuan ethernet. Chuong
trinh nay duoc viét bang ngdn ngir 1ap trinh C
chay trén vi diéu khién ATMega32. Cac van
dé can giai quyét khi thiét ké phan mém nhing
nay bao gom:

— Thiét ké module chwong trinh giao tiép
ethernet thong qua chuan TCP/IP dé truyén cac
tin hiéu trang thai cua robot nhu giad tri
encoder, trang thai hoat déng, vi tri va cac tin
hiéu két ndi da duoc dong goi va ma hoa vé
CADA. Dong thoi phan mém nay con cho
phép nhan va giai ma cac tin hiéu diéu khién tur
CADA nhu di chuyén toi, lui, qua trai, qua
phai, tit/md dén va cac thao tac khac.
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— Thiét ké module chwong trinh thuc thi
lénh diéu khién hoat dong cua robot gém diéu
khién toc do6 va chiéu quay cua hai motor
truyén dong, diéu khién tit mo dén va mot sd
tac dong maé rong khac trén robot. Céc tin hi¢u
diéu khién nay dwoc tham chiéu tir module
giao tiép ethernet.

— Ngoai ra, con ¢6 mot module chuong
trinh dung dé thiét lap va hién thi cac théng sd
co ban (dia chi IP cua robot, gia tri encoder,
trang thai deén, ...) trudc va trong qua trinh
hoat dong cua robot. Module nay nhan Iénh tur
cac phim chirc ning va diéu khién hién thi lén
mot LCD gén trén robot.

2.3.2  Thiét ké phan mém diéu khién trén may
tinh (CADA)

Phian mém nay c6 chic ning chinh 1 thu
thap dir liéu hinh anh tr IP Camera va diéu
khién moi hoat dong cia robot théng qua
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chuan ethernet. Cac muc tiéu chinh can dat
duoc cua phan nay la:

— Nhan va hién thi hinh anh duoc truyén
vé tir mot IP Camera gan trén robot dé nguoi
didu khién biét hién trang cua 6ng thoat nudc
dang khao sat. Camera nay c6 thé duoc diéu
khién dé thay ddi goc nhin, do hoi tu, phong to
va thu nho hinh anh. T4t ca cac hoat dong trén
duogc didu khién truc tiép bang ban phim may
tinh hodc bang tay game (gamepad) nham ting
tinh linh hoat va hiéu qua cho robot.

— Diéu khién hoat dong cua robot gom tai,
lui, nhanh, cham, qua trai, qua phai, tit/m¢ dén
chiéu sang. Phan mém c6 thé nhan tin hiéu
diéu khién nay tor ban phim, chudt hoac
gamepad, sau d6 ma hoa theo ding khuodn
dang dir lieu dd dwoc thdng nhat véi phan
mém nhung trén robot va cubi cung s& duoc
goi dén robot thong qua chuan ethernet bang
mang WiFi.

— Thu nhan céc tin hiéu vé trang thai cua
robot dé tinh toan va hién thi toc do, quing
duong di duoc, tinh trang két ndi vai robot,
muc ning lugng cua robot,... Nhim giup
ngudi didu khién nam rd duogc vi tri, tinh trang
hoat déng cua robot.

— H3 tro thiét lap cac két ndi véi robot va
thiét bi hd tro diéu khién (gamepad). Viéc hd
tro ghi lai hinh anh va cic thao tac trén
robot gitip ngudi sir dung dé dang xem lai khi
can thiét.

3 KET QUA VA PANH GIA
3.1 Phan cieng mach dién diéu khién

V&i cac van dé duge dat ra khi thiét ké
phan cing mach dién va dwa vao diéu kién
thuc té, nhom nghién ctru da thuc hién thanh
cong mach diéu khién robot (Hinh 4) dua trén
chip diéu khién trung tim 1a ATMega32, chip
giao tiép ethernet cia hang Microchip
ENC28J60. Hé théng mach duoc chia thanh
hai module nho:

— Module chinh: thuc hién chirc nang giao
tiép cthernet, dong vai tro nhu mot tiny
webserver luén nhén va dap tng lién tuc cac
yéu ciu tr may tinh trung tdm; tao tin hiéu
diéu bién xung PWM diéu khién 2 motor phat
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dong; diéu khién LED chiéu sang; nhan tin
hiéu encoder mi hoa chuyén dong; xu li cac
phim chtrc ning va hién thi trén LCD.

— Module diéu khién motor: nhan tin hiéu
tir module chinh va khuéch dai dong dién cho
cac motor hoat dong.

Hinh 4: Hinh anh mach diéu khién trung tAm
3.2 Phan cing co khi

V6i nhitng yéu cau va muc tiéu da dat ra
nhu trén, robot (Hinh 5) duoc thiét ké c6 banh
xe va dai cao su robot c¢6 thé vuot qua nhiing
vat can co chiéu cao tot da 1a 50 mm va nhirng
noi 16m séu dén 50 mm va do dbc trong 6ng
t6i da 30°; hai dong co dugc diéu khién doc
lap. Thiét ké chdng thdm nudc giup robot co
thé hoat dong dugc trong thoi gian khoang 1
gio trong diéu kién robot bi ngap nude 20 cm.
Thoéng s6 ky thuat cua robot thuc nhu trong
Bang 1 sau day:

Bing 1: Thong sé ky thuat dat dwoc cia robot

thuc
Mo ta Thong 50
Chiéu dai 568 mm
Chiéu rong 368 mm
Chiéu cao 280 mm
Khdi lugng 28 000 g
Van téc 0.5m/s
Do dbc bén trong dudong dng <=30°
Vit liéu ciu tao Thép
Puong kinh banh xe 150 mm

Hinh 5: Robot thuc té
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3.3 Phan mém diéu khién robot

V6i yéu cau dit ra 1a thu thap hinh anh va
diéu khién robot, nhom nghién ctru da thiét ké
chuong trinh véi giao dién chinh gom 3 phan
co ban: phan hién thi hinh anh, phan diéu
khién va phan thong tin (xem Hinh 6).

Init System
- Kh&i dong Port vao/ra, Timer
- Kh&i dong LCD
- Kh&i dong PWM
- Kh&i dong chip Ethernet ENC28J60
- Kh&i dong Tiny Web Server

.

s 4
Input Process
- Quét va xt ly tin hiéu Encoder
- Kiém tra tinh trang két néi
- Kiém tra dung lwong Pin
- Kiém tra va xtr Iy phim 4an

v

Tiny Server Process
- Xt ly cac géi tin ARP, ICMP, HTTP

v

. Output Control
- Biéu bién xung PWM cho motor
- Diéu khién dén chiéu sang

I
Hinh 6: Luru d chwong trinh chinh

— Phan hién thj hinh anh: nhan va ghi 1én
0 cirng may tinh dudi dang phim (luong hinh

Hinh 8: Giao dién hién thi
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anh) tryc tiép truyén vé tir robot. Ngoai ra,
phan mém ndy con ¢6 biéu do thé hién ludng
tin higu truyén nhan giita Robot va may tinh.

— Phan diéu khién: Tap trung hau hét cac
chic ning diéu khién cho robot. Phan nay
dugc diéu khién thong qua dung chudt hoic
ban phim may tinh hoac dung gamepad.

— Phan théng tin: thé hién mot s6 thong
tin co ban can thiét cho qua trinh hoat dong
clia robot ciing nhu phan mém diéu khién. Thé
hién téc do ciing nhu quing duong di cua
robot. Ngoai ra con thé hién dia chi két nbi dén
camera va robot ...

Hinh 7: Giao dién diéu khién

Hinh 9: Giao dién théng tin
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4 KET LUAN VA PE XUAT

Dé tai nghién ctru va ché tao mot robot
tham do dwong 6ng di dua ra mot md hinh
robot mau c6 kha ning di chuyén linh hoat
trong dwong 6ng, chong tham tt va mot hé
thdng camera quan sat. Mach diéu khién nhung
trén robot budc dau thanh coéng véi kha nang
giao tiép duoc véi trung tam bang chuan
ethernet, nhan tin hiéu diéu khién va thu thap
thong tin trang thai robot goi vé trung tam. Hé
thong camera quan sat ciing hoat dong voi kha
nang truyén hinh anh 1& va diéu khién duoc
tam quan sat. Vi két qua thar nghiém ban dau,
robot c6 kha ning chdng thim tét, di chuyén
dugc ¢ mot s6 dia hinh g6 ghé dudi duong
ong, chuong trinh diéu khién tir may tram dap
g tot cac yéu cau duogc dit ra.

Uu diém chinh cua hé thong 1a tiét kiém chi
phi ché tao, tim hiéu va lam chu duoc cac ky
thuat diéu khién robot thong qua chuan
ethernet, day la mot chuan truyen thong co toc
d6 cao, on dinh va thong dung nhat hién nay.
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Két qua cua dé tai nay co thé dugc tng
dung cho nghién ciru sau hon vé cac loai robot
tham do duong 6ng, tng dung thuc té cho
khao sat, chuan doan cac duong dng thoat
nudc. Ngoai ra, can thém thoi gian va kinh phi
dé phat trién tiép cac loai robot c6 thé di vao
cac loai duong dng phiic tap dé sira chita, khic
phuc cac su ¢ (nghet, nut...) ma con ngudi
khong thé dén dugc.

TAI LIEU THAM KHAO
1. Thomas Braunl, 2003. EMBEDDED
ROBOTICS. Springer, 454page.

2. Owen Bishop, 2007. The Robot Builder's
Cookbook, Elsevier Ltd, 373page
http://www.avrportal.com/?page=avrnet
http://www.baomoi.com/Robot-sua-chua-
trong-duong-ong/53/4020375.epi

3. KS. V5 Anh Huy PGS.TS. Bing Vian Nghin,
Thiét ké va ché tao mé hinh robot dwong ong,
B6 mon Co dién tir - Khoq Co khi, Truong Dai
hoc Bach Khoa Thanh pho H6 Chi Minh



