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LOI CAM DOAN

T6i cam doan rang luan vin: “UNG DUNG ROS (ROBOT OPERATING
SYSTEM ) PIEU KHIEN ROBOT DICH VU BAN CAFE ” 14 cong trinh nghién
ctru cua chinh to1.

T6i cam doan cac s6 lidu, két qua néu trong luan vin 13 trung thyc va chua
ting duoc ai cong bd trong bat ky cong trinh nao khac.

Khéng c6 san phadm/nghién ctru nao cta ngudi khac duoc sir dung trong ludn

vin nay ma khong duoc trich dan theo dung quy dinh.

TP. Ho Chi Minh, ngay 15 thang 07 niam 2022

Hoc vién thywe hién luan van

Hoang Anh
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LOI CAM ON

Trong qua trinh hoc tap va thuc hién luén van, t6i da nhan dugc su quan tdm
quy bau va hudng din nhiét tinh caa quy Thay C6, cing véi sy dong vién va tng ho
clia gia dinh, ban bé va dong nghiép.

Véi 1ong kinh trong va biét on, toi xin guri 10 cam on chan thanh t&i: Ban
Giam Ddc, Phong dao tao Sau Pai hoc ciia Hoc vién Cong Nghé Buu Chinh Vién
thong co s& TP. Hd Chi Minh va quy Thay C6 di tao moi diéu kién thuan loi gitip
to1 hoan thanh luan van.

T6i xin bay t6 10ng biét on chan thanh va sdu sic nhat toi nguoi thay kinh
yéu Thay TS. Chung T4n Lam da hét long gitip d&, truc tiép hudng dan tan tinh,
dong vién khich 1€, tao diéu kién cho toi trong subt qué trinh thyc hién luén van.

Tur day long minh t6i xin bay té sy biét on v6 han dén gia dinh than yéu cua
t6i va xin chan thanh cam on ban bé than thiét, ddng nghiép trong co quan da dong
vién, ho tro t6i trong lic kho khan dé t6i co thé hoc tdp va hoan thanh luan van.

Mic du d3 c6 nhiéu cd géng, nd lyc tim tdi nghién ciru, nhung do thoi gian
c6 han va kinh nghiém nghién ctru khoa hoc con han ché nén khong thé tranh khoi
nhitng thiéu sot. T6i rit mong nhan dugc sy gop v thiét thuc ciia quy Thay C6 cing
ban bé ddng nghiép dé kién thirc cia t6i ngdy mot hoan thién hon.

Xin chan thanh cam on!

TP. HO Chi Minh, ngay 15 thang 07 nim 2022

Hoc vién thuwe hi€én luan van

Hoang Anh
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PHAN MO DAU

1. Tinh cap thiét cia dé tai

Hién nay, Cach mang Cong nghiép lan thir 4 (CMCN 4.0) dang 1a xu huéng
trén thé gi¢i n6 dién ra trén moi linh vuc nganh nghé va doi séng xa hoi. Viét Nam
néi chung va Hoc vién Cong nghé Buu Chinh Vién Thong néi riéng ciing khong
nam ngoai xu thé d6. “Hoc vién Cong Nghé Buu Chinh Vién Thong 1a don vi tién
phong vé chuyén d6i sb trong hé thong cac truong dai hoc Viét Nam va huéng dén
tré thanh dai hoc s6 hang dau Viét Nam vé dao tao cong nghé ) phuc vu chuyén
d6i s6 qubc gia”, trich 101 Giam déc Hoc vién Cong Nghé Buu Chinh Vién Thong
PGS.TS Vii Van San.

Hé théng robot dich vu ¢6 thé chu dong gidm sat va thich ung nhanh véi
nhitng thay d6i lién tuc trong cac day chuyén san xuat. Bang kha nang két ndi nhiéu
thiét bi, robot ngay cang thich tng linh hoat v&i khong chi nhi€ém vu ctia ban than
nd ma con cdng tac thuc hién nhiém vu vdi cac robot cong tac khac, cac hé théng
thiét bi khac va ngay ca véi con nguoi trong cic nha may théng minh. Vi vy,
nghién ctru phat trién va nghién ctru ing dung robot cong tic 13 xu hudng tit yéu

hién nay va trong tuong lai.

Néu nhu, khi phét trién cac ung dung di dong trén i0S hodc Android nguoi
ta c6 sin mot bo phan mém phat trién (SDK) dé xay dung cac tmg dung d6, vy véi
robot cong tac thi nhur thé nao? Phan mém cho robot d6 1a su tich hop giao tiép voi
cua cac cong nghé nhu Co dién ti, thi gidc may tinh va nhiéu cong nghé khac...

Tom lai, viéc phat trién phan mém cho robot khong phai 1 nhiém vu don gian.

Xuat phat tir nhitng 1y do trén cung véi sy dong y cua thay TS. Chung Tan
Lam t6i chon dé tai luan van : “Ung dung ROS (Robot Operating System) diéu
khién robot dich vu ban cafe ”, luan vin gop phan vao viéc giai quyét cac vin dé
lwa chon cong cu can thiét dé phat trién ung dung mo phong va diéu khién thuc té

cho riéng robot dang canh tay gitp giam chi phi xay dung phan mém va thoi gian



nghién ciru. P& tai co su tham gia hd tro vé dinh hudéng tng dung cia Cong ty
TNHH Ché tao may 3C (Cong ty duoc hd trg boi Quy dbéi méi sang tao Vingroup
VINIF trong du 4n mé s6 VINIF.2020.NCUD.DAO059 ) dé két qua dé tai mang tinh
thuc tién, c6 kha ning ung dung sau khi nghién ctru.
2. Muc dich nghién ciru

Muc ti€u chinh : Xay dung mot hé diéu hanh robot tich hop gém Nghién
ctru, tim hiéu phén mém md phdéng robot 12 RoboDK, cach cai dat, cac hé toa do,
tap 1énh chuyén dong, 1ap trinh mé phong va giao tiép thong qua API dé xay dung
nén tang ban dau hé diéu hanh robot. Ung dung vao robot dich vu cafe. Tu muc tiéu

chinh trén, ludn van s€ du kién cac két qua dat dugc nhu sau:

Tim hiéu téng quan vé robot dich vu.

Tim hiéu phan mém mo phong RoboDK.

Thiét ké mot sb thao tac robot pha ché cafe va lap trinh mo phong.

Lap trinh RobotDK API dung C#.
3. Poi twong va pham vi nghién ciru
Péi twong nghién ciru
- Dbi twong nghién ctru chinh: phidn mém RoboDK.
- M0 phong robot thyc hién dich vu pha ché cafe trén may tinh.
- Lap trinh giao tiép voi RoboDK API.
Pham vi nghién ciru

- MBbi truong mo phong va 1ap trinh 13 windows 10, 13 hé diéu hanh phd bién
trong cong nghiép, ciing nhu trong diéu khién realtime cong nghiép. Moi

truong Linux dugce khao sat trong nghién ctru khac.

- Robot dich vu dugc khédo sat 1a loai robot cong tac dugc ung dung nhiéu

trong cac dich vu hién nay. Robot cdng tac dugc chon 1a loai thuong mai



DOBOT-CR10 dugc mé hinh hoa 3D vao phin mém RoboDK. Day la loai
robot thyc hién dugc cac thao tdc phuc tap va thao tdc chinh xac co thé lap

trinh duoc.

- Luén van tmg dung robot cu thé vao dich vu pha ché cafe dé chimg minh tinh
kha thi. Céac thao tac cua robot 1a loai Point-To-Point. Lap trinh cho robot
thuc hién 1 sb thao tic co ban phuc vu cafe bao gém: léy ly cafe, rot cafe vao

ly va dua ly cafe vao vi tri phuc vu khach hang.

- Thyc hién giao tiép véi RoboDK thong qua API dung C#. Pé tai khong thuc
hién 1ap trinh diéu khién real-time cho robot that do lién quan dén cac ky

thuat diéu khién va phén cing chuyén dung thudc linh vuc robot.
4. Phwong phap nghién ctiru

Phwong phdp Iudn: Dya trén co s& phan tich tinh niang hé thong phan mém
cép cao c6 san, phan tich hé thong diéu khién cép thap, thuc hién mé phong robot

va giao tiép thong qua cac API giita robot va phan mém.

Phurong phdp ddnh gid bang mé phong trén may tinh: Xay dyng mo hinh
robot, mdé phong diéu khién robot dd dé xuat, két nbi duoc voi méi truong mod
phong robot ding C# dé tir 6 san sang diéu khién véi cic co cau chap hanh theo

thoi gian thuc voi truyén thong EtherCAT.



CHUONG 1: NGHIEN CUU TONG QUAN

1.1 Tong quan vé robot dich vu
1.1.1 Robot dich vu

Robot duoc nghién ciru va phat trién ngay cang rong véi nhiéu linh vuc khac
nhau. Trong d6 robot cong tac duoc dinh hudng nghién ctru ¢ mo rong thém céc

ung dung, ddc biét trong linh vuc dich vu.

Robot dich vu c¢6 hai loai: loai diéu khién realtime va loai diéu khién non-
realtime. Robot diéu khién non-realtime bao gdm cac robot di dong hoic cac canh
tay thao tac theo mot quy dao cb dinh. Robot diéu khién realtime do6 1a cac robot cd
céc quy dao phire tap hodc quy dao chinh xac can phai bam theo (tracking) dé thuc
hién céc thao tac khac nhau ctia con ngudi v6i dic trung chyén dong Point-to-Point.
Robot dich vu nhu viy dugc dua vao st dung véi cac cong viée co tinh 13p lai va

hoat dong bit chude thao tac ctia con ngudi. Dé tai tap trung vao 16p realtime robot.

Robot trong Iinh vuc dich vu nhu trén cé thé ung dung trong nhiéu nganh,
trong do6 linh vuc am thuc, nha hang, an uéng, dich vu (F&B - Food and Beverage
Service). Pay 1a mot minh hoa t6t nhat cho cac hoat dong dich vu, va robot phuc vu

cafe duoc chon 1am mé hinh tmg dung trong dé tai nay.
1.1.2 Lgi ich khi su dung robot dich vu

Mot s6 loi ich tiéu biéu khi sir dung robot phuc vu thay thé cho con ngudi

trong nganh dich vu nhu sau:

Robot thyc hién cong viéc phuc vu mang dén su tién 1gi hon cho céac co s&
kinh doanh. Nang suét hoat dong va lam vi¢c cua robot so véi con nguoi cao hon
nhiéu, diéu nay gitip viéc kinh doanh giam bai duogc chi phi thué nhan lyc va chi phi
quan ly. Mdt robot c6 thé hoat dong nhiéu gi0 lién tyc trong ngay vdi cac loai robot

duoc thiét ke dac biét cd dd bén cua san pham cao.



Doi voi nhitng cong viée phuc vu doi hoi tinh chinh xac cao va cé sy nguy

hiém, dua robot vao rng dung robot s€ dam bao hi€u qua hon mdt cach rd rét.

Hi¢n nay, robot dugc ing dung tri tué nhan tao Al, diéu nay khién robot co
thé thuc hién cong viéc thong minh hon va xtr Iy nhan dang da dang hon véi céac

tinh hudng trong cong viéc phuc vu ciia nganh dich vu.
1.1.3 M¢t 56 robot phuc vu phé bién hién nay

Khi noéi dén robot duoc thiét ké va 1ap trinh voi muc dich phuc vu thi phd

bién nhét hién nay phai dé dén robot dich vu y té va dich vu nha hang khach san.
(1) Robot dich vu y té

C6 nhiéu loai robot khac nhau phuc vuy té hién nay dugc dua vao ung dung.
Tinh dén thoi diém nay, da c6 hon 12 loai robot khac nhau irng dung trong linh vuc

nay nhu:

o Robot 1& tan bénh vién.

o Robot diéu dudng.

o Robot tur van sirc khoe tir xa.

o Robot ctru thuong.

o Robot phuc vu trong bénh vién.

o Robot phun xit thudc khir tring.

o Robot vé sinh bénh vién.

o Robot tri xa.

o Robot hd trg phuc hoi chue nang.

o Robot phau thuat.

o Robot giao hang ngoai troi.

o Robot thyc pham.

Cac loai robot nay duoc dua vao ap dung thay thé cho strc ngudi va dang 1am

viéc hidu qua theo chwong trinh l4p trinh sdn va 1a xu huéng hién nay. Cac robot

phuc vu bénh vién khong chi giup cac bac si va nhan vién y té thuc hién doi vai céac



nhiém vu phuc tap va né con thyc hién cong viéc mot cach chinh xac hon, nho vay
khoi Iugng cong viéc cua con nguoi trong linh vuc nay dugc giam bodt va tao hi¢u

qua hoat dong cao hon cho céc co so y te.

(2) Robot di dong phuc vu nha hang

Hinh 1.1: Robot BellaBot phuc vu nha hang & mgt nha hang Q.7 TP.HCM

Robot di dong duoc sir dung rat phd bién trong linh vuc dich vu do chuyén
dong linh hoat trén banh xe, dac bi¢t la & cac ctra hang an uéng, nha hang, khach
san. Mot robot phuc vu nha hang cua hang Pudu 1a BellaBot st dung tri tu¢ nhan
tao, két hop voi thiét bi dinh vi va dinh hudng v6i nhiém vu dit mén, mang mon in
cho khach. Sau khi nhan duoc thong tin dit moén trén hé thong théng minh, nhan
vién bép s& tién hanh ché bién va dua cac mon cho Bella phuc vu. Robot Bella s¢&
tim dén dung s6 ban dé mang phan an cho khach. Str dung robot phuc vu trong céac
nha hang dang la xu hudng hién nay, dac biét vai tinh hinh dai dich Covid dang
phirc tap nhu hién nay thi sir dung robot duoc xem 1a giai phap thiét thyc. Khong
chi vay, néu nhén vién binh thuong khi phuc vu tai nha hang, mdi ngay c6 thé phuc

vu dugc khoang 200 khach thi Bella ¢é thé phuc vu tir 300 cho dén 400 khach.



Véi su phat trién cua cong ngh¢ dinh hudéng va dinh vi ma céc robot nay
dugc huan luyén 1ap ban d6 nha hang, co6 thiét ké dé co thé di chuyén mdt cach dé
dang va ém ai, trdnh dugc cac vat can va mdt so loai con cé thé giao ti€p co ban véi

khéach hang.

bé mang dén su than thién véi khach hang khi vao quan, cac robot dugc thiét
ké va 1ap trinh hién thi biéu cam guong mat nhu nhay mét, chdp mét, cudi, ... biéu

cam da dang.

Robot phuc vu Bella tai quan cafe c6 kha niang di chuyén thong minh bang
camera va cam bién, viéc di chuyén nay dé dam bao do udng chung mang khong bi
chong chénh hodc d6 ra ngoai. Robot Bella dugc 14p trinh theo nhiing duong di theo
giai thuat, sau khi mang cafe dén ban cta khach xong thi no s€ tu dong di chuyén vé

vi tri ban dau ctia minh.

Hién nay trén thi truong co nhiéu loai robot phuc vu khac nhau trong nha

hang, ching khéc nhau trong thiét ké, 1ap trinh va kha nang lam vi¢c 6n dinh.
(3) Robot dich vu pha ché cafe

Robot khong chi phuc vu mang phan #n trong nha hang ma con duoc st
dung nhiéu trong pha ché thuc pham. N6 chinh 1a giai phap thay thé cho nhéan vién
pha ché bang strc ngudi rat hiéu qua. Hién nay tay may robot phuc vu trong quan
cafe dugc nhiéu noi tién phong trén thé giéi dua vao sir dung ngdy cang nhiéu.
Robot pha ché cafe duoc dat trong mot khong gian nhd gon tai cac khu vuc giai tri,
nha hang, khach san, san bay, bénh vi¢n, truong hoc ... ma khong can nhan vién
phuc vu. Véi nhimng tinh ning ndy nhim hudng t6i cic d6 thi thong minh trong xu

hudng chuyén doi so cac hoat dong cia cudc song trong tuong lai.
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Hinh 1.2: Ella I san phiam ciia Crown Digital

Crown Digital 1a mot cong ty khdi nghi€p dua vao IoT voi muc tiéu gidi
quyét nhitng khé khin trong nganh F&B. Ella 13 san phdm dau tay ciia Crown
Digital [2]: m{t robot ty dong dugc thiét ké dé mé phong cong viéc cua mot ngudi

phuc vu cafe (hinh 1.2).

Ella c6 dang mot canh tay tu dong, do cong ty robot Techman Robot san xuat
[3]. Ella nim bén trong mot ki-6t trong sudt, rong khoang 5m2. Robot hoat dong
sudt ngay dém va c6 thé phuc vu khoang 200 tach cafe mdi gio - nhanh gép 4 14n so

v&1 mot nhan vién pha cafe thong thuong.

Céc nguyén liéu pha ché - bao gdm hat cafe va sira tuoi (dugc bd sung thém
sau khi robot phuc vu khoang 360 coe cafe). Viéc nay s€ duogc thuc hién boi cac
nhan vién chiu trach nhi¢ém gidm sat Ella thong qua mot ung dung theo doi. Trung
tam chi huy noi bd ctia Crown Digital cho phép Ella phat hién va giai quyét tir xa sy
¢d tran nude hodc cac 15i thiét bi khac. Robot nay giai quyét duogc van dé toc do,

tinh nhit quan va kha ning dit hang d& dang.
1.2 Robot cOng tac

Robot dich vu 1a mdt ing dung phé bién va déy du nhét cua robot cong tac.

Robot cong tac (collaborative robot - cobot) 1a mot loai robot dugc thiét ké dé lam



viéc chung vé6i con ngudi trong mot khong gian chung. Mot trong nhitng diém khac
biét gilta cobot so vdi robot cong nghi¢p chinh 1a robot cong nghiép thuong hoat
dong doc lap, can co thiét bi bao vé va rao chin dé tranh gay nguy hiém dén con
nguoi; con cobot dugc danh gia cao boi tinh an toan, chinh vi thé day dugc coi la
trg thu dang tin cdy khi lam viéc cting con ngudi trong cac hoat dong san xuat cong
nghi¢p va dich vu. Cobot c6 yéu cau ky thuat va thiét ké cao va khac biét hon so véi
robot truyén théng: Cac bd phan ciu thanh can phai duoc thiét ké dic biét tinh gon
(compact), ddm bdo do an toan va tin cdy cao, twong tac linh hoat va dap ung nhanh
v6i nguoi st dung va lam viée cung, dé diéu khién v6i chirc ning day hoc (teach

mode), va phai hiéu qua vé mit chi phi.

Hinh 1.3: Sy khac biét co ban vé si an toan giira robot cong nghiép va cobot

Ddi véi cac cobot, tit ca cac bd phan va phén tir co-dién can phai dugc thiét
ké va lap dat tinh gon ngay trong mdi khau va khép quay cua robot (robot joint).
Bén canh do, dong co sir dung cho cobot cling phai c6 kich thudc nhd gon, nhung
phai dép tng du cong xuit va mdé men xodn. Vi vdy, cac dong co thong thudng
khong dugc st dung, ma can phai sit dung dong co mé-men xodn khong khung
suon (frameless torque motor). Ngoai ra, vi cobot lam vi¢c cung véi nguoi, cho nén
yéu t6 an toan trong sir dung va van hanh rt quan trong. Cac thiét ké va ché tao lién
quan t&i cobot can phai dam bao vé d6 an toan va tin cdy cao. Do d6, cac phan tur
va thiét bi thong minh (smart devices, smart sensors), cam bién luc (force sensors),
va cam bién hinh anh (image sensors, camera) thudong dugc sir dung dé gitp cobot

nhin biét dugc su hi¢n di¢n cia nguoi st dung hay lam viéc cung, va c6 kha nang
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dap ung tuc thi, tranh giy nguy hai t6i ngudi st dung va lam vi¢e cung. Cobot
thuong hd trg 1am cac cong viée voi tai trong khong 16n (tir 10 - 15 kg), véi do
chinh x4c ciing nhu kha ning linh hoat va do khéo cao (high dexterity), va vi vy sb
bac tu do thudng tir 6 trd 1én, gitip cho co thé md rong khong gian 1am viée, ciing
nhu cho phép tiép can nhidu hudng va goc khac nhau, tranh va cham véi nguoi st
dung va van hanh. Ngoai ra, cobot can phai dugc trang bi chirc ning diéu khién
bang day hoc (teach mode), véi 6 chinh x4c va linh hoat cao, d& hoc va sir dung
d6i v6i ngudi khong co kinh nghiém veé lap trinh.
Encoder tuydt

déi truc déng cor

P | Encoder tuyét
J déi s8 vbne auav

Déng co Frameless Torque

Hop giam tée
Harmonic dé chinh xac

Mach digu khién
dong co, cam ¢
bi&n nhiét d& B phanh ma sét

Cam bi&n mé men

Hinh 1.4: Cu tric co ban ciia khép don cobot

Hinh 1.5: Miu thiét ké co ciu chip hanh cia khép cobot
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Ultra-compact Industrial PC
with TwinCAT3

Intet RealSense
Camera

EtherCAT
Communications

] Actuator |
VietCOBOT

Hinh 1.6: MAu thiét ké co ciu chip hanh ciia khép cobot

Robot cong tac co6 uu diém 1a c4u tric nho hon, do tin cay cao, tiéu thu dién
nang thap, dé xtr Iy va gia thanh ré. Nhitng tinh ning nay lam cho robot cong tc rat
hiéu qua dé 4p dung rong rai cho nhiéu nganh cong nghiép va cudc séng. Ngay nay,
robot cong tac khong chi cach mang héa nganh cong nghiép san xuat, ching con
dugc st dung két hop véi cac cong nghé hién tai dé d6i mdi cac nganh dich vu

nham tang gia tri thuc va cho cudc song cia chung ta

Trong twong lai robot cong tac s& 1a xu thé mdi trong cac cong ty tng dung
cong nghé 4.0 vao trong san xuat cong nghiép va dich vu trong cudc sdng va giai tri.
V6i cac tinh ning an toan va dé dang lap dat ciing nhu lap trinh. Xu thé s dung
robot cong tac s& ngay cang phd bién trong cong nghiép va trong cudc sdng trong

tuong lai.
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1.3 Hé théng diéu hanh robot (Robot Operating System)
1.2.1 H¢ thong diéu khién tap trung robot truyén théng

Trong hé thong diéu khién tap trung, cac driver diéu khién dong co dugc
thiét ké tap trung tai ti dién dicu khién, do d6 co su két nbi cap dién kha 1on tir
robot vé tu diéu khién. Hé thong diéu khién nay c6 thé diéu khién cic hé thong
robot 16n nho cac hé dién tir cong suat cao c6 du khong gian bd tri trong ti dién.
Trude khi c6 cac nghién ciru vé robot cong tac, hé théng diéu khién tap trung duoc
stt dung phd bién trong cong nghiép véi tén thudng goi 1a robot cong nghiép va
dugc tng dung trong cong nghiép xe hoi, cong nghiép han, cong nghi€p son, dong
g6i hang nang trong kho, .... Mot vi du minh hoa ctia hé thong diéu khién robot
kiéu tap trung RC8 cia hing Denso cho trén hinh 1.6. Trong hé thong nay, cac
servo driver dugc gan ngay trén bo diéu khién véi cac khe cim PCI cta may tinh

cong nghiép duoc ché tao chuyén dung cho hang Denso [1].

FEEFEE v w

Hinh 1.7: H¢ thong diéu khién tap trung RCS cho robot truyén thong (Denso)
1.2.2 H¢ théng diéu khién phén tin cdi tién cho robot cong tic

Véi sy bao hoa cua viéc ing dung robot trong cong nghi¢p, cdc nha hoach
dinh chién luge robot mong mudn mo rong kha nang robot trong nhiéu linh vuc
khéc, nhét 1a trong linh vuc dich vu lam viéc chung véi con nguoi. HE théng diéu
khién ciing dugc cai tién thay dbi twong ng thanh hé thong diéu khién phan tan

chuyén ding cho robot cong tic. Trong hé thong diéu khién phan tin cic servo
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driver duoc thiét ké tich hop ngay trén cac dong co khdp cua robot tao thanh mo
khdi tich hgp mat d6 cao dwoc goi 1a Joint actuator (co cdu chip hanh khép) xem
hinh 1.5. Do d6 bd diéu khién phan tan khong co cic servo driver ma ching da
dugc phan tan trén cac khdp quay cua robot. Viéce két ndi dién gitra robot va ta dién
cling gon hiéu qua hon nhiéu vi chi con c¢é su két ndi truyén thong (khong phai 1a
céc két ndi dién cong suit cao) giita ti dién va robot. Mot két ndi truyén thong st
dung phd bién trong truong hop nay 1a EtherCAT. Viéc so sanh 2 bd diéu khién

dugc trinh bay & phan dudi.

Hé théng diéu khién phan tin dya trén nén tang truyén thong realtime
EtherCAT thong qua cong LAN Gigabit. Cac module chuyén ding EtherCAT slave
nhu Servo motor driver, I/O mé-dun, duoc giao tiép c6 diy véi Master EtherCAT
voi toe do truyén realtime. H¢ théng diéu khién cobot dugc cai thién dang ké vé tbc
do truyén va két ciu phﬁn cung nho gon kiéu mo-dun hoa. Trén hinh 1a minh hoa bo
diéu khién cobot phan tan cai tién cho cobot ctia hing Denso [7]. Hé thdng sir dung
nén tang realtime win10 trén IPC cta hing Beckhoff. V&i nén tang nay thi kha ning

m¢& rong cua by RC9 rat linh hoat va c6 thé tich hop theo nhu cau thuc té cua ung

dung.
Control device | RC9
. IPC e Extension termina i  —
J Smart TP "4 | EtherCAT  Expansion ! EtherNet/IP
[_“ (5m.10m.20m - i coup-l.er _mmii_mi ' EthercAT™
L Mini-pendant ; ' H\ﬁ !
(5m.10m, 20 =) - i = E%%ﬁy
2 H - 1
Pendant extension cable - lﬂ‘l : : : E—— [ DeviceNet
WINCAPS3  eom ' i | S (Cink
[

| | E S Digital I/O cable
= | Jom.20m)

» Ethernet

———

Hand l/O cable

Safety 10 (for standard/moving models)
/ Digital 10 (5m,10m,15m, 20, 30m, 40

Safety I/O cable

(10m,20m)

RS-232C

connection cable Driver
e Emergency stop output
(DC 24 Vinfout)

Digital /O | Multi-bus cables

(For VL series)
{5m,10m,15m,20m, 30m, &0
oy EtherCAT
. junction
- Digital IO

Controller-controller cable [

I
v Master/slave |
i
I

5m £

| — B & s

EtherCAT. — i : .!‘ ﬁ:z Devices
1 IR

Hinh 1.8: H¢ thong diéu khién phan tan RC9 cho cobot ciia hing Denso
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So sanh hé thong diéu khién robot tap trung RC8 va hé diéu khién robot phan
tan RC9 cho trén hinh 1.8. i voi RC8, bd xtr Iy chinh CPU tich hop truc tiép voi
cac driver dong co servo cua robot, goi 1a All-in-One controller. Phan két ndi cua bd
diéu khién vé6i cac dong co servo cua robot rat cong kénh tuy rang né co thé ganh
cac servo cong suat cao tily ¥, tuy nhién diéu dé khong co y nghia nhiéu ddi véi cac
tmg dung dich vu. P6i véi RCY, cac driver dong co duge thiét ké phan tan di kém
theo cac dong co servo nén két cdu nho gon va bo diéu khién chinh co thé dung la
mdt may tinh cong nghiép chuyén dung (IPC) ctia hang Beckhoff voi TwinCAT
realtime driver dugc phan b trén hé diéu hanh dugc t6i wu cho muyc dich diéu khién
realtime. Nén tang phin mém cip cao ctia Denso van giir nguyén trong 16p non-
real-time cua IPC. Vi cach bd tri nhu vay, hé thong diéu khién robot 1 rang va
hiéu qua hon rat nhiéu so véi truyén thong. Va dé tai ndy ciing nhim muc dich xay

dung mot hé théng twong tu voi cac phan cing san c6

RC8 RC9

All-in-one controller that integrates CPU and driver Robot controller that can be embedded in an IPC
that suits the target application as firmware, separating the CPU and driver

IPC | EthercAT™ | Driver |
[ico27—ioz7 || |

1 “‘ [
L S
RC8 e ¥ BN
RCY firmware 2

an-real-time layer

Same development environment,
which is a core strength of Denso robots

TwinCAT
real-time layer

Device driver
real-time layar Sarvo Robot Robat Robot Robot
Contrall Mation Mation Metion Mation

Path generation
ADS

Hinh 1.9: So sanh hé théng diéu khién tip trung RC8 va phan tin RC9
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1.4 Phin mém md phéng robot - RoboDK

RoboDK 1a mot phan mém méd phong va lap trinh ngoai tuyén cho robot cong
nghiép [3]. Phan mém md phong ¢ thé duge sir dung cho nhiéu du 4n san xut bao
gdm linh vyc cong nghiép nhu phay, han, gap-dit, dong goéi va dan nhan, xép kho
hang, son, lap rap, va linh vuc dich vu nhu nha hang, siéu thi, 4m thuc, ....

Chuong trinh diéu khién robot c6 thé duoc 1ap trinh cip cao thao tac tryc tiép
trén robot mod phong, sau d6 dugc xuét ra chuong trinh tuong thich véi cac robot
that hién c6 trén thi truong. Moi truong mé phong ¢ thé duoc giao tiép thong qua
API ¢6 thé duoc viét bﬁng C#, C ++, Python, Matlab.

Thu vién robot khé 16n vé&i thu vién cac robot cong nghiép va cac dd ga tir hon

40 nha san xuét robot trén thé gioi.

B6 xir Iy xuat chuong trinh RoboDK hd trg nhidu bo diéu khién robot thuong
mai trén thi truong, bao gém:

e ABB RAPID (mod/prg)

e Fanuc LS (LS/TP)

e KUKA KRC/IIWA (SRC/java)
e Motoman Inform (JBI)

e Universal Robots (URP/script), ...

1.4.1 Giao dién RoboDK

Giao dién chinh ciia RoboDK bao gdm man hinh chinh (Main Screen), quan 1y
cac doi tugng robot dang cay (Station Tree), cac tdc vu dugc chon tir thanh thyc don
(Main Menu) hoic tir thanh cong cu (Toolbar) va thong tin duwoc hién thi trén thanh

trang thai (Status Bar), xem hinh 1.9.
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Q RobeDK - IRB120-Transparent - Professional (RoboDK)

Main Menu

ile Edit Program View Tools Utilities Connect  Help

doH

ABB IRB
€ Tool

Target1 ¢ I

ABB IRB 120-3/0.6 Base

Reference Frame

Status Bar
Hinh 1.10: Giao dién ciia phan mém RoboDK

1.4.2 Tap lénh chinh ciua robotDK

Xin tham khao Phu luc P1
1.4.3 Ldp trinh va mé phong trén RoboDK

Xin tham khao Phu luc P2
1.5 Két luan chwong

Chuong ndy tong quan cac van dé lién quan dén dé tai bao gém téng quan vé
robot dich vu phé bién nhét nhu robot di dong phuc vu trong nha hang va robot dich
vu thao tac pha ché cafe. Phan loai cac loai bd diéu khién robot bao gém b6 diéu
khién robot tap trung va bo diéu khién phéan tan dé lam tién dé cho viéc dinh hudéng
ndi dung va cac giéi han nghién ctu pht hop cho dé tai. Tim hiéu vé phdn mém
RoboDK chuyén dung cho md phong cac loai robot hién c6 trén thi truong ciing
nhu céc loai robot tu nghién ctru thiét ké dap tmg viéc tng dung nhanh robot vao
thuc té cong nghiép va cudc séng. Hon nita, viéc két hop phf?m mém mo phéng voi
phan cing diéu khién robot realtime 1a nén tang dé xdy dung mot hé didu hanh

robot c6 vai trd quan trong trong viéc nghién ciru phat trién robot. Dé tai tng dung
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vao vi¢c su dung hi¢u qua phﬁn mém RoboDK trong viéc thiét ké robot thuc hién

phuc vu céc thao tac pha ché cafe dé minh hoa cho viéc ung dung hiéu qua.
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CHUONG 2: MO HINH HOA ROBOT PHA CHE

2.1 Xay dung mo hinh robot

Robot khao sat dé tmg dung mo phong thao tac pha ché trong chuong nay 1a
Dobot-CR10 (hing DOBOT) [8]. Robot ndy c6 6 bac tu do bao gom 6 khép dugc
danh sd 1a J1, J2, 13, J4, J5, J6. Vi¢c phan tich va xay dung biéu thtre dong hoc cua
robot dang canh tay 6 bac tu do nay duoc trinh bay trong [3]. Trong dé tai nay st
dung cong cu c6 san trén RoboDK dé minh hoa tinh linh hoat va da ning cta phan
mém nay.
2.1.1 Xay dung cdc doi twong 3D ciia robot

Trudc tién, ta can thu thap thong tin vé robot:

1. M6 hinh 3D (nhu tap tin STEP hay IGES) bao gom: nén (Hinh 2.1a), khép 1
(Hinh 2.1b), khép 2 (Hinh 2.1¢), khép 3 (Hinh 2.1d), khép 4 (Hinh 2.1¢e), khop 5
(Hinh 2.1f), khép 6 (Hinh 2.1g), va mé hinh ddy du (Hinh 2.2)

2. Datasheet ctia robot hay s tay k¥ thuét robot (robot manual) dé c6 khoang cach
cua cua khép (Hinh 2.3)

Khi c6 tap tin 3D vao RoboDK, ta Kéo tha robot vao RoboDK hay chon
select file va sau d6 open. Thuc hién chia nhé mo{t object robot thanh cac thanh

phan khac nhau dé c6 thé xir 1y timg phan riéng biét nhy hinh 2.1.

2 HE P @ e BE S CEOFIOS O

& @IS @ »on B e E@ED

COL

Hinh 2.1a: Mé hinh 3D nén (B0) Hinh 2.1b: Mb hinh 3D khép 1 (B1)
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CHE U@L RN @ w1 8 Sl @F0S o 3 FOANNN @ v B 2, @IS &

\

Hinh 2.1¢: M6 hinh khép 2 (B2) Hinh 2.1d: M6 hinh 3D khép 3 (B3)

He D@ NS Q@ w1 BE eI @E0S O B DE A @@ i B 0TS S

Hinh 2.1e: M0 hinh khép 4 (B4) Hinh 2.1f: M6 hinh 3D khép 5 (BS)

TONNENQ o0 BE L RO

Hinh 2.1g: M6 hinh 3D khép 6 (B6)
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@ RoboDK - Dobot_CR10,_Final_Color - ATOM - o x
File Edit Program View Tools Utilities Connect Help X
» .
WAORDCHF UIILNERN @ »-u BFH LA FQ@F 08 &
Tree 8 x Dobot-CR10 panel 8 x
P | Dobot CR10_Final Name: [pobot-CR10 Porameters
v =
i l)Loboﬁ_CRw l;:tnal_mlor aricaanToy
‘S Rel ‘Tool Frame | with respect to robot flange
BO
DYzl | Rotx,v',2" deg - Staubli/mecademic v FE=E
Qo1 oo ool ww  ows  oom oo
@82 Reference frarme. [ L] poboicRio Base ] with respect to robot base
@3 [X,Y,2]mm | Rot[X,Y',2'']deg - Staubli/Mecademic ~ =
(712 o0 ool G@ss oo 0.0 co0
@85 TO0] P W rurect U Heforteica Fiame
@86 [X,Y,Z]mm | Rot[X,Y',2""Jdeg - Stéubli/Mecademic v Cil=E
000

W _| Dobot-CR10 Base
L& pobot-CR10

Joint axis jog r Home

o[ ooole-3sn0 < > 3600
(X 0.00]0-360.0 < > 3600
6:[_-90.00]0-1600 < > 1600
o:[__s0.00[o-3600 < > 3600
e[ 90.000-3600 < > 3600

6z 0.00]o-3600 < > 3600
Other configurations (©. 6. 8 . 8. 8) More options
([ 0.00°, 0.00°, 90.00°, 90.00°, 90.00", 0.00°] v

Hinh 2.2: M hinh diy di robot dich vu
2.1.2 Cai diit cdc théng sé dong hoc va gidi han chuyén dpng khdp
Véi cac mo hinh 3D tinh duoc ghép lai, ta c6 thé thuc hién cac budc dé dinh
nghia mo hinh dong hoc cho robot bang cach sau: Chon Utilities=> Model

Mechanism or Robot. Dudi muc Robot Type, chon 6 Axis Collaborative Robot.

Néu cac thanh phan cila robot theo diing thtr ty, thi tat ci cac md hinh 3D
dugc gop lai theo dung thi tu d6. Khi dé, ta co thé lién két bang tay ting object tao
thanh mot robot dung theo thur ty trong Robot Builder.

Dién thong tin kich thudc ciia robot bang cich mé data sheet ciia Dobot-
CR10 (Hinh 2.3). Trén ban vé& 3D cua data sheet, ta s& tim duoc tit ca gia trj kich
thudc can tim (Bang 2.1). Dién céc gia tri d6 vao RoboDK, va khi két qua thoa méan
chuyén dong dong hoc cua robot, chon Update (Hinh 2.4).

Dung bang déu khién robot dé quay timg khop dé bao dam sé liéu dong hoc
nhap chinh x4c (Hinh 2.4). Xac dinh cac thong sb goc quay gidi han cua ting khop
(Hinh 2.5).
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693mm

1525mm

607Tmm

783.5mm

176.5mm

& SA

Hinh 2.3: Kich thuwdéc Dobot CR10

WORICHY LI @ w0 B S T EQ@F0S &

w B CR10 Modified

@ Build/modify mechanisms or robots

Robot Hlame [DOBOT-CR10

DOBOT CR10 1 Setthe roba cimensions
DOBOT CR10 2 Base shift () [X,Y,2Z]mm | Rot[X,Y ,Z ]deg - Fanuc/Motoman (defau v
DOBOT CRI0 ‘ oo ool Glss  ccce e
— ‘ ot i [ O = e e [
DOBOT CR10 5 05 dom) [ 65005 26,(deq) [ 50000 %]
as(om) [ oo ,000) ooz
w __ DOBOT-CR10 Base aom) [ sw00 = o0, (de) [ 50000 %]

DOBOT-CR10 H di(mm) [ 1930005 16, (deg) 000
¥ New Station (2) | dimm) [ 1250005 16, (deg) 0000 2]

62 i agoni [ oo

z 26, (deg) 0.000 3

sase rference () | L, Frome Robot

Object Buldjoints  Home Invertsense Minimum imit Maximum it

000000

DOBOT CR10 6

Robot fype.

Base | DoBOT CR100
o1 | @ oosor ot v| [ w0E] [ 105 (] men
sant2 | @ vosor crioz +| [ 00%] [ 00[5] (] meert
sont3 [ @ posor cr103 v| [ 0.7

Joint 4 | ) DOBOT CR104 ~ X 0.0 3] [ mvert
sones [ @ 080 a0 | [ 0] [ 608 men
sons | B vosor crios v | [ 003 [ 007 men

Update

e Robot

30T-CR10 Base

Hinh 2.4: X4ac dinh va nhap cac kich thuéc dong hoc trén robot builder
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Bang 2.1: Thong s6 Dobot CR10

Tén cobot DOBOT CR10
Khéi lugng (Weight) 40kg
Tai t6i da (Maximum Payload) 10kg
Tam vuon (Max Reach) 1525mm
Maximum Speed of TCP 4m/s
1 360°
J2 360°

Gi6i han khép I3 160°
(Joint Ranges) 74 360°

J5 360°
Jo6 360°

 RoboDK - CR10 Modified - ATOM - X
File Edit Program View Tools Utiliies Connect Help X

WOBJCHE LN @ » i B 5 QF0D &

v Frame 1
w & DOBOT CR10
& DOBOT CR100

& DOBOT CR10 1 ‘

Robot Name [D0BOT-CR10

Set the robot dimensions

& DOBOT CR102 o — [¥,Zlm | Rot[X,Y ;2 Jdeg - Fanuc/votonan (defau =
T .00 o.ocol @608 o0 0.0 0.000
& DOBOT CR104 4 Gnd-affoctor shit () | PEY2ZIm | ROEDGY 2 Jdeg - Fomwic/Motonsn (defau v r=E
y o. 0.000 ©0.008 6.000 0.000 0.000
& DOBOT CR105 dimm) [ 1765005 88, (deg) [ 90000 5]
& DOBOT CR106 as(mm) [ 607000 % 20, (¢eq) [ 00003
w . DOBOT-CR10 Base : a(mm) [ seso00 % 20,(deq) [ -90000 3]

DOBOT-CR10 ' duom) [ 13003 (0o [ oo 3]
i dr(om) [_1zso00 ] 8,0e) [_oom 3]

dum) [ 1084005
29, (deg) 00005
Base reference (Fs) ., Frame 1 v
Object Buldjoints  Home Tnvert sense Mnimum limit Maximum fimit

Base | DOBOT CRI00

Jont 1 [ @ posor crios v | [ 00%] [ oos] Cliven [ 3000 [ 360075]

Joint 2 | € posoT cr102 | [ wolz]| 00| Omvert [ -30002] [ 360072

Joint 3 | @ poBOT CR103 v | [ 0ofE] | 0.0[5] Clmvert [ -160.07%] [ 160072

Joint 4 | 6 DOBOT CR104 ~ | [ 00fz] [ 00z et [ -36003] [ 36007%]

soints | @ posor cr1os v |[ 003 [ o0os][CJmvet [ -36002] [ 360.03]
\ 1

Joint 6 | ) DOBOT CR106 ~ | [ 00[s -360.0 3] 360.0 2]

Hinh 2.5: Xac dinh cac gi¢i han géc quay ciia khép trén robot builder
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2.1.3 Thur nghiém moé hinh robot
Sau khi nhap céc tham sb dong hoc vao RoboDK trong Robot Builder.
Ta c6 thé test thir nghiém sy chuyén dong ciia cac khép robot ciing nhu thiét 1ap vi

tri HOME (Hinh 2.7).

10 RoboDK - CR10 Modified - ATOM - o X

A L ES @ w1 8E IS EEOFDS O

DOBOT-CR10 panel 5 x

Name: [posor-cuio | [Forameters
Cartesian Jog

ool frame

Dzl | Rerpx 2

Joint axis jog

o
o
o
o
o
o

Other configurations . &, 5. &)

Hinh 2.6: Test hoat dong ciia robot trén robot Panel

2.2 Xay dung mo hinh may pha cafe

Mo hinh may pha cafe bao gom:

1. Hé toa do tham chiéu (Reference Frame): Frame CM
2. Cac d6i tuong (objects):

» Cafe Machine 1mx1m: dbi tuong khu vyc dat may cafe

= Cafe Machine: may r6t cafe
3. Cac myc tiéu (Targets) sau:

= Home: vi tri Home cua robot

= CM Approach: vi tri an toan tiép can may cafe

= Target 1, Target 2, Target 3, Target 4, Target 5, Target 6: vi tri trinh tu
16t cafe vao ly

= Retract: vi tri an toan ra khdi méy pha cafe

Mo hinh may pha ché cafe duoc cho trén Hinh 2.7
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@ RoboDX - Cafe Robot - ATOM - 8 x
File Edit Program View Tools Utilities Connect Help X

VR DS HY LI N
LS |
Tree 8 x
W | Cafe Robot
w _| Dobot CR10 Base
| » % pobot cr10
w 2L, Frame CM
@ Coffee Machine Tmx1m
@ Coffee Machine
@ Home
@’ CM Approach
@ Target 1

@ Target2

re Target 3

@ Target4

@ Target5

@ Target6

~@" Retract

» L Frame Cup

P _L Frame Customer
» L Frame Robot

P | ApproachMove
P | Retract

» | MainProg

» | CupTaking_Prog
P | CoffeePreparing_Prog

I ¥
K|[w|[»][w]|[&][~ il (5404 2] eri mess | %

Hinh 2.7: M6 hinh may pha ché cafe
2.3 Xdy dwng mé hinh cép ly cafe va bé giao cafe
(1) M hinh cép ly cafe: bao gdm
1. Hé toa @6 tham chiéu (Reference Frame): Frame Cup
2. Cac dbi twong (objects):

= Cup Area ImxIm: d6i twong khu vyc cung cip ly cafe

= Cafe Cup 1, cafe Cup 2, cafe Cup 3, cafe Cup 1: ly cafe
3. Cac myc tiéu (Targets) sau:

= Cup Approach 1: Vi tri tiép can ly 1
= Cup Approach 2: Vi tri tiép can ly 2
= Cup Capture 1: Vi tri 1ay ly ra khoi chong ly

Mé hinh cép ly cafe duoc cho trén Hinh 2.8.
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@ RoboDX - Cafe Robot - ATOM - 8 x
File Edit Program View Tools Utilities Connect Help X

dVBICHE UL N @ »- i BH LA ZQFDS

Tree
W | Cafe Robot

w _| Dobot CR10 Base

| » % pobotcr10

» ol Frame CM

w _| Frame Cup
@ Cup Area Tmx1m
@ Coffee Cup 1
@ Coffee Cup 2
(@ Coffee Cup 3
(@ Coffee Cup 4
@ Cup Approach 1
@’ Cup Approach 2
@’ Cup Capture 1

P _L Frame Customer

» L Frame Robot

P | ApproachMove

P | Retract

P | MainProg

P | CupTaking_Prog

P | CoffeePreparing_Prog

P | CustomerPass_Prog
» | BringCupBack

w (M|~ il (5404 2] eri me3s | %

cessfully (D/Du an Huong dan SV Cao hoc/N6i dung luan vén/Dobot Data/Luan van Dobot Modeling/Cafe Robot 2.rdk)

Station

Hinh 2.8: M hinh cép ly cafe
(2) M6 hinh bé¢ giao cafe cho khach hang: bao gom
1. Hé toa do tham chiéu (Reference Frame): Frame Customer
2. Cac d6i tuong (objects):
» Customer Area Imx1m: ddi tuong khu vuc dat ly cafe
= Cafe Base: b¢ ly cafe
3. Cac myc tiéu (Targets) sau:

= Customer Retract 1: vi trf tiép can ly 1
= Customer Retract 2: vi trf tiép can ly 2
= Customer Cup Capture: vi tri gip ly

= Customer Approach: vi tri an toan lay ly ra

Mo hinh b¢ giao cafe dugc cho trén Hinh 2.9.
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@ RoboDX - Cafe Robot - ATOM - 8 x
file Edit Program View Tools Utities Connect Help X
dVBR 2C HY LI@ L
% o
Tree & x
W | Cafe Robot
w _| Dobot CR10 Base
| » % pobotcr10
» 2l Frame CM
» L Frame Cup
w _L Frame Customer

@ Customer Area Tmx1m
@ Coffee Base
@ Customer Retract 1
@ Customer Retract 2
@’ Customer Cup Capture
@ Customer Approach

P _L Frame Robot

D || ApproachMove

P || Retract

P | MainProg

P || CupTaking_Prog

P || CoffeePreparing_Prog

P | CustomerPass_Prog

P | BringCupBack

R[u][»][»][&][ il (5404 2] eri me3s %

Hinh 2.9: M6 hinh bé¢ giao cafe

2.4 Tong két chwong

Chuong nay trinh bay trinh ty xay dung mdt mo hinh tram robot dich vu. Robot
dich vu dang cénh tay 6 bac tu do dugc xay dung hoan chinh tir cac khdi 3D roi rac.
Véi tinh ning xdy dung cdu trac dong hoc cua phan mém RoboDK (tinh ning
Model Mechanism or Robot). Mau thir nghiém Dobot-CR10 duoc gin cac khép
quay vao cac truc phu hop tao cac chuyén dong hop 1y cho canh tay robot. Ngoai ra,
cac md hinh khac ciing duge dung nhu mé hinh cap ly cafe, mé hinh méy pha cafe,
mo hinh bé giao cafe phuc vu cho viéc mé phong. V&i mo hinh tram robot dich vy
nay, chung ta co thé thuc hién viéc lap trinh cho céc chuyén dong thao tac ché bién

¢ chuong sau.
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CHUONG 3: THIET KE VA MO PHONG THAO TAC PHA CHE

Trong chuong 2, cac md hinh 3D cua cac d6i twong dugc xay dung
phuc vu cho viéc 1ap trinh mdé phong mdt tram phuc vu cafe. Trong do, mo
hinh robot dich vu 13 mot mé hinh dugc thiét ké c6 chuyén dong dong hoc 6
bac tu do nhu cac robot cong tac phd bién. Trong chuong nay, cac mé hinh d6
s€ dugc tich hgp nhu trong hinh 3.1.

0 RoboDK - Cafe Robot - ATOM o X

BN @ » u BESATTOFE0S S

File Edit Program View Tools Utilities Connect Help
dVRA IC HY L@ v
% o

Tree 8 x

W | Cafe Robot
w _1 Dobot CR10 Base
| » Z pobot cr10
P ol Frame CM
» L Frame Cup

P _L Frame Customer
P _L Frame Robot

D || ApproachMove
P || Retract

2, Set Ref: Frame CM
2 Set Tool: C Grip
3 Call CupTaking_Prog
3 Call ApproachMove
= Call CoffeePreparing_Prog
= Call CustomerPass_Prog
3 Call Retract

» || CupTaking_Prog

P || CoffeePreparing_Prog

» | CustomerPass_Prog

» | BringCupBack

Hinh 3.1: M6 hinh tram pha cafe dung robot

3.1 Thiét ké trinh tw pha ché bang robot

Hoat dong cua mdt robot dich vu cafe dugc thiét ké 1a mot diéu khién trinh
tir gdbm nhiéu budc di qua cac vi tri duoc xac dinh trong khong gian 1am viéc cia
robot, va dugc chia thanh 4 chuong trinh con chinh va 1 chuong trinh con phu trg
bao gdm: chwong trinh con 13y ly (CupTaking Prog); Chwong trinh con tiép can
may pha cafe (ApproachMove); chuong trinh con pha ché cafe
(CafePreparing_Prog); chuong trinh con dua ly vao bé cho khiach hang
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(CustomerPass_Prog). Chuong trinh chinh goi céc chuong trinh con trén dugc cho

trén hinh 3.2.

W | MainProg

— sl Set Ref: Frame CM
— 3\ Set Tool: C Grip

== Call CupTaking_Prog

|

— &= Call ApproachMove

|

=+ Call CoffeePreparing_Prog

|

= Call CustomerPass_Prog
= Call Retract

[

Hinh 3.2: Chwong trinh chinh thue hién thao tic pha ché cafe

3.2 Thao tac ldy ly

Chéng ly duoc gia dinh up ngugc, ly c6 dang hinh con (phia dudi nhé hon phia
trén) va c6 mot khoang cach nhét dinh giira cac ly. Thao tac 1y ly dugc don gian
hoa bao gdm thao tic dua tay kep vao vi tri phia duéi ly va di chuyén thang phia
trén dé 1y ly ra khoi chong ly. Dé thuc hién thao tac, can co 3 target ma robot can
di qua: vi tri tiép can chdng ly (Cup Approach 1), vi tri tiép can ly (Cup Approach
1) va vi tri thoét ra khoi chong ly (Cup Capture). Chuong trinh con thyc hién ldy ly
duogc cho trong Hinh 3.3a va chuong trinh con tiép can may pha ché cho trén hinh

3.3b. Giai thich chuong trinh lay ly dugc cho trén Bang 3.1.
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W | CupTaking_Prog

— . Set Ref: Frame Cup

— 2N Set Tool: C Grip

““@ Set speed (200.0 mm/s)
— o Movel (Cup Approach 1)
”@ Set speed (20.0 mm/s)

— Z Pause 1.0s

— o Movel (Cup Approach 2)

—'S Attach to C Grip W | ApproachMove

— Z Pause 1.0s —2l. Set Ref.: Frame CM

— o Movel (Cup Capture) — 3\ Set Tool: C Grip

— Z Pause 1.0s ”C) Set speed (10.0 deg/s)

—( Set speed (50.0 mm/s) ~&* MoveJ (CM Approach)
(a) (b)

Hinh 3.3: (a) Chwong trinh con thyc hién thao tac lziy ly, (b) Chwong trinh con thyc
hién ti€p cin may may pha ché cafe (vi chuyén hé toa do tham chiéu)

e “i

Hinh 3.4a: Vi tri tiép cin chong ly 1 Hinh 3.4b: Vi tri tiép can ly 2
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s,

Hinh 3.4¢: Vi tri 1y ly ra khéi chong

Bang 3.1: Giai thich chwong trinh con thao tac lay ly ra khoéi chong

1| 2l SetRef: Frame Cup

Str dung hé toa d¢ tham chiéu hién hanh c6 tén “Frame Cup”. Pay la hé toa do

gan v4i ké cap ly.

2 |[*® SetTool C Grip

Str dung hé toa d§ cong cu cé tén “C Grip” gén & dau cubi robot. Cac 1énh MOVL

s& di chuyén hé toa do Tool nay trung khdp vai toa dd Target twong tng

-(2) Set speed (200.0 mm/s)




31

Cai dat van toc va gia tdc cho Tool ga"m trén dau robot. Van tdc duoc cai dat

nhanh hon binh thuong la 200mm/s.

—o” Movel (Cup Approach 1)
“ Set speed (20.0 mm/s)

— Z Pause 105

— o Movel (Cup Approach 2)
4 — 'S Attach to C Grip

— Z Pause 1.0s

—o” Movel (Cup Capture)

~ & Pause 1.0's

Set speed (50.0 mm/s)

Lénh dich chuyén Tool di qua mdt tap hop céac toa dd Target da dugc xac dinh
trudc tao thanh mot thao tac léy mot cai ly bao gém: Vi tri tiép can chéng ly
(Hinh 3.4a); Vi tri tiép can ly 2 (Hinh 3.4b); Vi tri lay ly ra khoi chong (Hinh
3.3¢).

3.3 Thao tac pha ché cafe

Thao tac pha ché cafe duoc don gian héa bao gém thao tac cham cafe va thao
tac cham kem sita. Dé thyc hién thao tac ndy, can c 6 target ma robot can di qua.
Ngoai ra, con ¢ 2 vi tri dic biét 1a vi tri tiép can may pha cafe (CM Approach) va
vi tri thoat ra khoi may pha cafe an toan (Retract). Chuong trinh con thyc hi¢n pha
ché duoc cho trong Hinh 3.5a va hé toa d0 may pha cafe cho trén hinh 3.5b. Giai
thich chuong trinh cho trén Bang 3.2
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W | | CoffeePreparing_Prog

—l. Set Ref.: Frame CM
~3\ Set Tool: C Grip
~ set speed (50.0 mm/s)
= E Pause 2.0 s
o Movel (Target 1) w 2l Frame CM
— Z Pause3.0s —G Coffee Machine Tmx1m
—o" Movel (Target 2) ~J Coffee Machine
— & Pause 15.0's —@ Home
—o Movel (Target 3) ~@ CM Approach
— & Pause2.0s ~@ Target 1
—o Movel (Target 4) ~@ Target?2
—~ Z Pause30s ~@ Target 3
—o” Movel (Target 5) ~@ Target 4
— Z Pause 150's ~@ Target5
~o Movel (Target 6) @ Target 6
— Z Pause3.0s —@ Retract
(a) (b)

Hinh 3.5: (a) Chwong trinh con thyce hién thao tac pha ché cafe, (b) Pinh nghia hé
truc toa do cho may pha cafe (Cafe Machine, CM)

Bang 3.2: Giai thich chwong trinh con thao tac pha ché cafe

1| @l Set Ref: Frame CM

Str dung h¢ toa d§ tham chiéu hién hanh c6 tén “Frame CM”. Pay la hé toa do
gin v6i may pha ché cafe. Cac 1énh MoveL theo sau trong doan chuong trinh 13

doi vt he toa do nay.

2 | “® Set Tool: C Grip

Str dung hé toa do cong cu c6 tén “C Grip” gan & dau cuoi robot.
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O Set speed (50.0 mm/s)

Cai dat van toc va gia téc cho Tool gin trén dau robot. Vén toc ciia robot thay ddi

sang tbc d6 cham 1a 50mm/s vi robot dang mang ly c¢é cafe bén trong.

E Pause 2.0 s

" Movel (Target 1)
Z Pause3.0s

" Movel (Target 2)
Z Pause 150's

" Movel (Target 3)
4 Z Pause2.0s

& Movel (Target 4)
Z Pause3.0s

& Movel (Target 5)
Z Pause 150's

& Movel (Target 6)
Z Pause3.0s

Lénh dich chuyén Tool di qua mdt tap hop céc toa do Target da dugc xac dinh
trude tao thanh mot thao tac pha ché cafe bao gdm: Vi tri tiép can méy pha cafe
(Hinh 3.6a); Vi tri rét cafe 1 (Hinh 3.6b); Vi tri rét cafe 2 (Hinh 3.6¢); Vi tri trung
gian (Hinh 3.6d); Vi tri ro6t kem sita 1 (Hinh 3.6e); Vi tri rot kem sita 2 (Hinh
3.61); Vi tri an toan ra khdi méy pha cafe (Hinh 3.6g).

Hinh 3.6a: Tiép cin may pha cafe Hinh 3.6b: Vi tri rét cafe 1
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Hinh 3.6e: Vi tri rot kem sira 1 Hinh 3.6f: Vi tri rét kem sira 2

2]

Hinh 3.6g: Vi tri an toan ra khéi may pha cafe
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3.4 Thao tac dua khach hang

Thao tac dua cafe cho khach hang duoc don gian hoa bao gom thao tac dua
ly dén bé giao cafe va thao tac dit ly cafe xuéng bé cho khach hang. Pé thyc hién
thao tac nay, can c6 4 target ma robot can di qua. Chuong trinh con thyc hién thao
tac dua khach hang dugc cho trong Hinh 3.7 . Giai thich chuong trinh cho trén Bang
33

¥ || CustomerPass_Prog

“fci, Set Ref.: Frame Customer

— 3 Set Tool: C Grip

“Q Set speed (100.0 mm/s)

— " Movel (Customer Approach)
— 2 Pause20s

— " Movel (Customer Cup Capture)
— S Detach from C Grip

— 2 Pause20s

—&” Movel (Customer Retract 1)
— 2 Pause 1.0s

—&” Movel (Customer Retract 2)
— 2 Pause 1.0s

Hinh 3.7: Chwong trinh con thuc hién thao tac dwa cafe cho khach hang

Bang 3.3: Gidi thich chwong trinh con thao tac dwa cafe cho khach hang

1 ,,L Set Ref.: Frame Customer

Str dung hé toa d tham chiéu hién hanh c6 tén “Frame Customer”. Day 1a h¢é toa

d6 gan voi bé dat ly cho khach hang.

2 |8\ Set Tool: C Grip

Str dung hé toa d6 cong cu cé tén “C Grip” gan & dau cudi robot.
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- Set speed (100.0 mm/s)

Cai dat van toc va gia tdc cho Tool gan trén du robot. Van tdc cta robot thay do6i
sang toc do trung binh 1a 100mm/s vi dang mang ly c¢é cafe bén trong va khoang

dich chuyén nh.

—o" Movel (Customer Approach)

— & Pause2.0s

—o" Movel (Customer Cup Capture)
— & Detach from C Grip

4 — & Pause2.0s

— o Movel (Customer Retract 1)

— & Pause 1.0s

— o Movel (Customer Retract 2)

— & Pause 1.0s

Lénh dich chuyén Tool di qua mdt tap hop céc toa do Target da dugc xac dinh
trude tao thanh mot thao tac mang ly cafe 1én bé bao gém: Vi tri tiép can bé
1(Hinh 3.8a); Vi tri dat ly 1én bé (Hinh 3.8b); Vi tri tiép can bé 2 (Hinh 3.6¢); Vi
tri tiép can bé 3 (Hinh 3.6d)

|

Hinh 3.8a: Vi tri tiép can bé 1 Hinh 3.8b: Vi tri dit ly 1én bé
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|

Hinh 3.8c: Vi tri tiép cin bé 2 Hinh 3.8d: Vi tri tiép can 3
Ngoai ra, dé thuan tién cho viéc dat ly lai vi tri ban dau dé tiép tuc cho chu trinh
md&i, mot chuong trinh con BringCupBack. Chuong trinh con dugc lap trinh dua
trén cac Target da duoc xac dinh trong cac thao tac trudc dd. Chuong trinh con

dugc trinh bay trong hinh 3.9.

W | | BringCupBack

_;el, Set Ref.: Frame Customer

— &\ Set Tool: C Grip

— Set speed (100.0 mm/s)

— o Movel (Customer Retract 2)
— & Pause3.0s

—& Movel (Customer Retract 1)
— & Pause3.0s

—&" Movel (Customer Cup Capture)
— S Attach to C Grip

— & Pause3.0s

—&" Movel (Customer Approach)
— & Pause2.0s

—zl Set Ref: Frame CM

—& Movel (Home)

Hinh 3.9: Chwong trinh con thyc hién mang ly tré vé vi tri ban dau
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3.5 Giao tiép API RoboDK dung C#

RoboDK API dung C# 1a mot tap tin ngudn RoboDK.cs cé chira RoboDK
class, RoboDK_ Item class, va mot sd cong cu khac vé robotics nhu tinh toan ma trin
RoboDK.Mat v&i cac phép bién doi khong gian 3D.

Khai bao ddi tuong RoboDK dé sir dung trong chuong trinh C#

// RDK holds the main object to interact with RoboDK.

//' The RoboDK application starts when a RoboDK object is created.
private [IRoboDK _rdk;

3.5.1 Tinh nang “Simulation”

Chuong trinh C# dugc md phdng khi dung cac 1énh nhu Movel, MoveL hay
setDO).

//Quan trong: dimg cac chuwong trinh RoboDK trudc d6 (néu chon programming
mode)
_rdk.Disconnect();

// Chuyén sang simulation mode:

_rdk.SetRunMode();
a3 Robot COFFEE V1.0
CONTROL PANEL

START RobaDK Display Mode

@ Show Robot
LOAD Station G

! Hide Robot

SELECT Robot ) Integrate Robot

Incremental Move RUN Maode

@ Reference Frame @ Simulation

) Tool Frame ) offline Programmin
(2 Jaint Mave () Run on Rabat

Step [mm]

0.0 %

MainProgram

RUN Program

Robot HOME

Hinh 3.10: Giao dién Control Panel cac tinh ning co ban RoboDK API
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3.5.2 Tinh nang “Offline Programming”
// retrieve the newly added item
var item = _rdk.AddFile(selectFile.FileName);
if (item.Valid())
{
notifybar.Text = $@"Loaded: {item.Name()}";
// attempt to retrieve the ROBOT variable (a robot available in the station)
SelectRobot();

}

else

{
notifybar.Text = $@"Could not load: {filename}";

b
3.5.3 Tinh nang “Run on Robot”

Chuong trinh C# c6 thé dugc thuc thi tryc tiép trén robot st dung cing ma
1énh C# dugc dung cho mo6 phdng. Lap trinh online cho phép chay mot chuong trinh
trén mot bo diéu khién robot xac dinh dung céc Robot Drivers. Cac budc sau kiém
tra tinh ndng nay nhu sau:

1. Chon Run on Robot

2. Chon bét ky 1énh nao lam chuyén dong robot

/[Important: stop any previous program generation

_rdk.Disconnect();

// Connect to real robot

if (_robot.Connect())

{

// Set to Run on Robot robot mode:
_rdk.SetRunMode(RunMode.RunRobot);

}
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3.5.4 Tinh ning chuyén dong

FRAME MOTION

Linear Move  Joint Move  Joint to Cartesian Pos

FRAME MOTION
Translation [X,Y, Zlmm

Linear Move Joint Move  Joint to Cartesian Pos

x looon [ x|

* ' = Ji- | |0.000 Ji+
& ' B J2- | |0.000 J2r
Rotation [X.Y', Z"] Deg Ja | 0.000 43+
RX- .. RXt | J4  |0.000 J4+
RY- _ Rr+ | J5 | 0.000 5+
RZ- Z RZ+ | J&- | |0.000 J6+

Hinh 3.11: Giao dién diéu khién chuyén dong Tool va khép robot
Céc tinh nang API dugc tich hop trén mot phan mém ding C# duoc cho trén Hinh
3.12.

i Robot COFFEE V10 - o X
CONTROLPANEL DASHEOARD
ST Doy ot SYSTEM an Sceen TWINCAT ReineCatl ABOUT Us

O Showobot
(0% sen 2 @ Robodk
O bide Robot

SEECTRO | ® iegrteRobot

Tree 8 x

L New station (1

FRAMEMOTION
s o St o Lot Cteion P
Trnshton X. . ZJmm

x o ][ x

v [oow

z oo [z

i

Rason(X, ¥ .Z'1Deg
A [pooo [ R
e oo | mn

2

iy

"z (0000

ROBOT Connected Using robot: Dobct CR10

Hinh 3.12: Giao dién demo RoboDK API dung C#
3.6 Tong két chwong
Chuong nay trinh bay viéc 1ap trinh cho robot dich vu thyc hién thao tac pha
ché cafe. Cac chuong trinh con thuc hién cac bao gom: (1) thao tac 1ay ly, (2) thao
tac tiép can may pha cafe; (3) thao tac pha ché cafe; (4) thao tac dwa ly vao bé cho

khach hang. Xay dung mot chuong trinh trung gian RoboDK API duoc str dung dé
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giao tiép v6i chuong trinh mé phong va dong thoi s& duoc giao tiép tiép véi phan
cting that theo truyén thong realtime EtherCAT (dwoc dé& xuét trong trong phan
hudng phat trién).
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CHUONG 4: KET LUAN VA HUONG PHAT TRIEN

4.1 Két luan

Dé tai bao gém 4 chuong thyc hién mot muc ti€u chinh, dé 1a, xay dung mdt
hé diéu hanh robot tich hop: bao gdbm mot phan mém mé phong RoboDK va mot
phan mém trung gian giao tiép RoboDK API ding C# dé sin sang cho cac tinh ning
diéu khién realtime cho robot thuc. Pé tai chon ung dung robot dich vu cafe dé

minh hoa cho qué trinh nghién ctru cua minh. Céc cong viéc thyc hién nhu sau:

(1) Tim hiéu robot cong tac tmg dung dich vy va phan mém mo phong RoboDK
(2) M6 hinh héa 3D robot cong tac Dobot-CR10 va cac thanh phan twong tng

nhu md hinh may pha cafe, mé hinh cap ly va mo hinh bé giao cafe.

(3) Lap trinh mo phong cho robot thyc hién pha ché mot ly cafe : thao tac ldy ly
cafe, thao tac pha ché cafe, thao tac dwa khach hang.

(4) Lap trinh giao tiép RoboDK API truy xuat cac tinh niang ctia RoboDK nhu
load station, thuc hién cac 1énh co ban, doc cac vi tri hi€én hanh cua Tool,

diéu khién vi tri tool dén vi tri moi.

(5) Hé théng duoc kiém chimg bang cach cho chuong trinh robot goi chay tir

chuong trinh trung gian.

4.2 Huéng phat trién

Nhu d¢€ trinh bay trong muc 1.3, viéc khdo sat bd diéu khién cta robot cong
tac v&i nén tang realtime EtherCAT, dé tai thuc hién viée giao tiép RoboDK API.
Pay 1a budc quan trong nhat ctia phan mém trung gian dé tiép tuc thuc hién budc
diéu khién cap thap véi robot that dé hién thyc hé diéu hanh robot chuyén dung cho
nghién ctru va phat trién thuat toan sau nay. Pay 13 giai phap cho bai toan diéu
khién cip thap nhit, d6 1a cip diéu khién cac co cdu chap hanh thong minh (smart

actuators). Cac hudng phat trién cua dé tai nhu sau:
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- Két ndi hé théng thiét ké quy dao cho robot RoboDK vao hé théng thu nhan
dir liu dé phong k¥ thuat co thé thiét ké va truyén chwong trinh robot xudng khu
vuc hién truong khi sit dung robot d6 cho mot dich vu khac

- Lap trinh tinh niang diéu khién cdp thap ding truyén thong EtherCAT dé
diéu khién robot that, sir dung hiéu qua dir liéu vi tri trén phin mém mo phong
RoboDK.

- .Lap trinh tinh ndng khao sat dong luc hoc cho robot cong tac phuc vu cho
viéc nghién ctru tinh ndng quan trong la phat hi€n va cham trén robot cdng tac.

- Lap trinh giao tiép voi cam bién va cic co cau chdp hanh khic dé hoan
thién phdn mém Hé diéu hanh robot.

- Lap trinh hé diéu hanh robot giao tiép véi bd diéu khién camera 12 mot tinh

ning khong thé thiéu ddi véi robot cong tac
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PHU LUC

PHU LUC P1: Tap lénh chinh ctia RoboDK

P1.1 Lénh Joint Move

Chon Program— ’ﬁMove Joint Instruction dé thém mot 1énh chuyén dong dya
trén chuyén dong cta khdp quay robot.

Trur khi mét Target duge chon trude 1€nh nay s€ tao mot Target mdi lién két voi
1énh. Néu Target di chuyén, su chuyén dong cia né ciing duoc hiéu chinh theo.

Néu 1a 1énh nay dugc thém vao mot Program dau tién thi c6 thém 2 1énh dugc
thém vao trude Iénh nay: do 1a 1énh chon hé toa dd tham chiéu (Reference Frame)
va 1énh chon h¢ toa do dung cu (Tool Frame). biéu d6 bao dam khi chuong trinh
thuc hién 1€nh chuyén dong nay thi robot c6 cung h¢ toa do tham chiéu va hé toa do

dung cu.

Name: |Target 1

Weld gun Go to target Visible Move to target Teach current position
Reference = Al Start Tl here Target type
ek laluel \'@ Keep cartesian position
Teach current position .
. (0) Keep joint values
« Target options...
@ g Target 1 loint Move Target position with respect to: | Welding Ref >
w B weidprogram LEaEiche [%,¥,2]mm | RO[Z,¥",X'"Ideg - KUKA/Nachi/ABR RS - r=s
‘ d " Target Linked -181.352 363,466 -48.488 135,888 1.662 -38.880
Delete Robot: " KUKA KR 6 R00 sixx - Change config.
Robot joints:
|-w.s060 [2]70.7908 [Zllesears s [Flesams [Fansmsr 2]

Hinh P1.1: Lénh Joint Move va truy xuit Target

P1.2 Lénh Linear Move

Chon Program—)ép Move Linear Instruction 3¢ thém mot 1énh chuyén dong
thang cho dung cu Tool.
Chuyén dong khép va chuyén dong thang giira 2 Target c¢6 cung hanh vi chuyén

dong chi khac khong gian khao sat nén cé thé chuyén ddi qua lai voi nhau.
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Luru y: ta can giit chuyén dong dau tién ciia chuong trinh 1a mot chuyén dong khop
dung Joint Target. Viéc nay s& thiét 1ap duoc cau hinh dung nhu mong muén ngay
tir chuyén dong dau tién va dam bao robot that di chuyén gidng v6i mo phong.

Trai v6i chuyén dong khép, chuyén dong thang 14 c6 tinh dén cac diém ky di cia
robot va gidi han truc quay. Vi du, robot 6 truc khong thé vuot qua mot diém ky di

bang mot chuyén dong thang. Hinh bén dudi 1a mot vi du vé bao 16i diém ky di.

@ Target 2 @ RoboDK x

L
s
. a Movement at instruction

o Set Ref.: Welding Ref o WeldProgram:Movel (Target 2)
: et Tool: Weld gun is not possible.

fovel (Target 1) Description:

Joint 5 is too close to a singularity (0 degrees). The robot can't make a linear
movernent because of joint limits or the target is out of reach. Consider a Joint
move instead.

=4 Movel (Target 2)

Hinh P1.2: Bio 16i diém ki di

Néu chuyén dong théng khong thyc sy can thiét, ta bAm chudt phai vao 1énh
MoveL va chon sang Joint Move. Céach khéc l1a chon Target, TCP (Tool Center
Point) hay 1a vi tri trong h¢ toa d¢ tham chiéu, phai dugc hi¢u chinh dé tranh diém
ky di do.

Teach current position

@& Target 1
2 Target options... F3

@& Target2

v m WeldProgram Joint Move Q

o Set Ref.: Welding Ref Linear Move
?u_ \ Set Tool: Weld gun " Target Linked

~~ Move) (Target 1)
. J Delete

3

Hinh P1.3: Chuyén Linear Move sang Joint Move.

P1.3 Lénh Set Reference Frame

Chon Program=>» ’@L Set Reference Frame Instruction 3¢ thiét 1ap hién hanh
mot hé toa do tham chiéu. Tac vu nay cdp nhat h¢ toa do hién hanh trén bd diéu
khién cho céac 1énh chuyén dong theo sau va thay ddi hé toa do tham chiéu dang

dung (Active) cta robot trong RoboDK cho muc dich mo6 phdong. Viéc chon nay sé
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tao ra cac lénh chuyén dong dén cac Target xac dinh (Target trong hé Decart) ddi
vai tap hop hé toa do tham chiéu trude do.

Hé toa d6 tham chiéu khong c6 tén c¢d dinh, n6é con duoc goi 1a Work Object
(robot ABB), UFRAME (robot Fanuc), FRAME (d6i véi robot Motoman) hoic
$BASE (d6i v6i robot KUKA).

= - Execute instruction
Set Tool: Weld gun

Show Weld gun

Select Reference

Force original pose

Set Reference link

. |

B
| [

S
-@

et speed (1000.0 mm/s)

LA

=~ Movel 1
Remove Reference link

Set speed (16.7 mm/s)
— == Call SetRPM(70.0)

-~ Movel 2 Delete

f

Copy Reference pose

Hinh P1.4: D3t hé toa d9 tham chiéu hi¢n hanh
P1.4 Lénh Set Tool Frame

Chon Program=>» §Set Tool Frame Instruction dé thiét lap hién hanh mgt hé
toa do cong cu (TCP - Tool Center Point). Lénh nay s€ cap nhat lai hé toa do cong
cu hién hanh trong chuong trinh cho cac 1énh chuyén dong theo sau va thay doi hé
toa do cong cu dang dung (Active) ctia robot trong RoboDK cho muc dich mo
phong. C6 nghia 13 cac 1énh chuyén dong dén cac Target s& dugc thi hanh ding hé

toa do dung cu mdi dugc cdp nhat.

. WeldProgram
] gx. Set Ref: Welding Reference
B3

- @ Show Weld gun

~ @ Set speed (1000.0 mm/s

— Movel 1

| Execute instruction
™ Select Tool

Force original pose
™ Set Tool link

Remove tool link

= e Set speed (16.7 mm/s)

- %= Call SetRPM(70.0)

~ Movel 2 Copy tool pose

- .~ Movel 3 #H  Delete

Hinh P1.5: Thiét 1ap hé toa d cong cu.
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P1.5 Lénh Circular Move

Chon Program—)fo Move Circular Instruction & thém mot chuyén dong dang
cung tron cho cong cu Tool.

Ngoai hai Target dugc chon trudc khi thém I¢nh, Iénh nay s€ khong tao ra Target
m&i. Ta can thém hai Target riéng biét nita va lién két chung tir 1énh di chuyén cung
tron, nhu trong hinh dnh bén dudi.

Puong cong 1a mot cung tao tir diém robot dang ding, di qua diém dau tién diém
cong dau tién (Target Linked 1) va két thic tai diém cudi (Target Link 2).

Chu y: khong thé thuc hién 1 vong tron chi véi mot 1énh cung tron. Mot vong tron

phai duogc chia thanh 2 chuyén dong cung tron tach biét.

j  Target 1

. Target 2

5 Target 3

i Target 4
. WeldProgram Move along curve
I~ on. Set Ref. Welding Ref © Selecttargets

-"rg Set Tool: Weld gun g Target Linked 1

[~ «~ MoveJ (Target 1) @  Target Linked 2 ,
[~ Mavel (Target 2) 2 Target 4
- : \‘l

LY

Hinh P1.6: Lénh Circular Move

P1.6 Lénh Set Speed

Chon Program—) Set Speed Instruction ¢ thém lénh thay d6i van toc va/
hoic gia téc. Ta c6 thé chi dinh van toc va gia toc trong khong gian khép va trong
khong gian Cartesian.

Kich hoat &p dat van tdc va gia tdc xac dinh trong chuong trinh. Van tdc cua
robot thay ddi khi 1énh duoc thi hanh. Van toc cta robot cling c6 thé thay ddi trén

menu parameters: double click vao robot, chon paramters.
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Khong phai tat ca cac bo diéu khién robot déu hd tro thiét 1ap gia toc chinh xAc.
Thiét 1ap téc d6 phii hop 1a rat quan trong dé tinh toan chinh xac thoi gian chuong

trinh (circle time).

. WeldProgram B setvalues >
: Linear speed (mm)
Set speed (mm/s) 500.00 |5
=y Movel (Target 1) [] set acceleration (mm/s2 or %) 3000,00 &
ovel (Target 2) Sk (deg)
. MoveC (Target 3, Target 4)
Aiegel S, hardet ] set speed (degfs) 500,00 =
[] et acceleration (degfs2) 800,00 =

o 1]

Hinh P1.7: Cai dit gia tri van toc
P1.7 Lénh Pause

Chon Program=>» 8 Pause Instruction dé thém mot 1énh tam dung viéc thyc thi
chuong trinh trong mot khoang thoi gian xac dinh dén khi ngudi van hanh muén

tiép tuc chuwong trinh.

@' Instruction Pause

Enter the delay in miliseconds

[Fa0

AR

Cancel

Hinh P1.8: Lénh Pause
Luwu y: nhap gia tri -1 dé tam ding chuong trinh dén khi ngudi van hanh muén tiép
tuc chuong trinh. Khi do6, 1énh dugc dat tén ty dong 1a Stop. Trong md phong, 5
gidy tam dimg s& mét 1 gidy dé mo phong ddi véi ty 16 mo phong mic dinh 1a 5.
P1.8 Lénh Program Call

Chon Program—)§ Program Call Instruction 3¢ goi chwong trinh con tir

chuong trinh hién hanh.
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Maic dinh 1a goi mot chuong trinh con x4c dinh. Tuy nhién, ta cé thé dung tinh
nang Insert Code dé nhdp Iénh tai vi tri ciia 1énh nay thay cho viéc goi chuong trinh
con. N6 ¢6 thé thuan tién d6i véi mot ung dung cu thé va mot bo diéu khién cu thé.
Ta ¢6 thé nhap nhiéu dong dé tu dong thiét lap nhiéu 1énh goi chuong trinh trén 1
hang.

@ Add Program call or Custom code X

@ Add Program call or Custi

Program Call - Select program
Program Call -
SubProgram Program Call b
Insert Code

Start Thread
Insert Comment |

Cancel

Hinh P1.9: Goi chwong trinh con
Chuyén tor Program Call sang Start Thread dé kich hoat viéc goi mot chuong
trinh con ma khong ngat chuong trinh chinh. Trong trudng hop nay, bo diéu khién
s& bat ddu mot Thread méi. Tuy chon nay chi dung dugc cho mdt s6 bo diéu khién

nao do va chi lam viéc do1 voi mot so tac vu dac thu.

P1.9 Lénh Set/Wait 10

Chon Program=>» O Set or Wait /O Instruction dé kich hoat cac cong ra Digital
Output (DO).

Mic dinh, 1énh nay tuy chon 13 Set Digital Output. Lénh niy ciing c6 thé cho
cho cong Digital Input.

10 Name c6 thé 1a mot con sd hodc gia tri text néu nd 13 tén ctia mot bién (var).
10 Value c6 thé 1a mot con sb (0 cho False va 1 cho True) hodc mot gid tri text néu
no 1a tén cua mat trang thai (state).

Tuy chon Wait for Digital Input 3¢ ding thi hanh chuong trinh chinh chd dén
khi mot cong digital input thay di trang thai ctia né. Hon nira, mot s6 bo diéu khién

robot ¢6 tinh ning timeout delay dé dua ra mot canh bao 16i néu thoi gian chd vuot
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qua gia tri timeout di x4c dinh. Check vao tuy chon Timeout (ms) dé kich hoat tinh

nang nay.

. 10 3 B Manage /O x
10 Wait 10_5=1

Type

(@) Set Digital Output
() Wait for Digital Input

IO Name: |5 |

10 Value: | 1 |

o[ cme

Hinh P1.10: Thiét 1ap 1/O

10 SetlO 5=1 ® Manage /0 X

Mo Type

(O set Digital Qutput
(®) Wait for Digital Input

10 Name: |5 j
IO Value: [1 |
[[] mimeout (ms)  sooo.00 =

Hinh P1.11: Thiét 1ap Timeout (ms)
Luwu y: khi thuc hanh, chang han néu robot c6 gin phan cimg chuyén ding nhu bo
kep (gripper) hay truc phay (spindle), dé kich hoat cac phan ctng nay ding cong
Digital Output, sau d6 chd cong Digital Input (DI) dé chuyén trang thai.
Su thay d6i trang thai mo phong cia cac DI va DO s& tao mdi cic bién
station. Dé kiém tra trang thai cta cac bién nay, nhip chudt phai vao station va
chon Station Parameters. Ta cling c6 thé doc hodc hiéu chinh cac bién nay thong

qua API.

P1.10 Lénh Set Rounding

Chon Program—)f Set Rounding Instruction dé thay d6i d6 chinh xac

lam tron. Do chinh x4c 1am tron dugce st dung dé 1am min cac canh gitta cidc chuyén
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dong lién tiép nhau. Thay doi nay c6 hiéu lyc tir thoi diém 1énh nay dugc thyc hién
trong mot chwong trinh (gidng nhu véi tit ca cac 1énh khac), nén thuong 1énh nay
duoc dat ¢ dau chuong trinh.

Néu khong c6 1énh lam tron, robot s€ c6 tdc do 0 khi két thac mdi chuyén dong
(trir khi chuyén dong tiép theo tiép tuyén voi chuyén dong trude). Viée ndy s& giy
ra gia téc 10n va thay doi van téc nhanh dé dam bao d6 chinh xé4c tot nhat cho mdi

chuyén dong.

Hinh P1.12: Dat gia tri lam tron

Luwu y: gid tri lam tron cao s& dam bao tdc do khong doi trén dudng di cua robot dbi
lai viéc mat d6 chinh xac trén cac canh cua duong di do. Tuy thudc vao tung tng
dung, ngudi ta thudng tim ra sy thoa hiép tbt gitta d6 chinh xac va van toc 1am tron.
Mot s6 bo diéu khién yéu cau dat gia tri nay dang phén tram, vi du bo diéu
khién Fanuc, néu mudn dung 1énh CNTS5, ta nén nhép gia tri 5.
Ta ciing c6 thé ghi rouding parameter trong ctra so6 Program Events néu ta

dang lap trinh dé robot gia cong, in 3D hodc bam duong cong bam diém.
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@ Program events 7 X
Fast move speed (mm/s) Set Rounding {mm) |E|

Change tool ID |@I |:| Program start onStart -t
Spindle speed (RFM) SetRPM{%‘l)— - [] Path approach L
Spindle set dodkwise | < []rathstart L
Spindle set counterdodiwise + |:| On action {e.g. onpoint)  onPaint b
Set extruder feed |Extruder{%1) - [ Path finish onPathFinish -
Call M code M_RunCode(%:1) L [ path retract onRetract L
Set Digital Output On ldeﬂlt <& [] Program finish anFinish RS
Set Digital Output Off default +

Set Digital Cutput Cn (sync) |M| -

Set Digital Output Off (sync) |OutOffMov (%61} -

Set Default OK Cancel

Hinh P1.13: Cira s6 Program events
Kiém tra path accuracy cia RoboDK cho phép ta hiéu rd hon vé anh huéng cua

cac gia tri lam tron khac nhau.
P1.11 Lénh Simulation Event

Chon Program=>» < Simulation Event Instruction dé kich hoat mot su kién
trong mo phong. Cac sy kién khong anh huéng dén viéc sinh ma chuong trinh va
chi dung dé kich hoat mét su kién cu thé trong mo phong.

Céc su kién cho phép:

e Gin hoic tach cac object vao tool
e Hién thj hodc 4n cac object hodc Tool

e Thay ddi vi tri cac object va hé toa do tham chiéu.
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# Event Instruction >
Action: Select objects/tools to show
Show object/ftool * | | Teol
Attach object base
DE CI'EEt ball 1
'Qmw obje; t:mi
Hide object/tool ball 2
Set object position (absolute) ball 3
Set object position (relative) kiall 4
ball 5
base

Hinh P1.14: Lénh su kién

Vi du néu robot di chuyén dén mot vi tri xac dinh dé gép mot object, ta co thé
thiét 1ap mot su kién Attact object dé di chuyén object d6 gin vao robot. Sau d6, sau
khi robot di chuyén va bo object d6 di, ta co thé thiét lap su kién Detach object dé

101 khoi object ma robot d gap.

#8 Event Instruction >
Action: All objects will be detached from tool Select tool:
Detach object ¥ | | base Tool bl |

ball 1
ball 2 Attach to parent:
ball 3 Table 1 -
ball 4 - '
ball 5
basze

Hinh P1.15: Lénh su kién Detach object
Luu y: Cac su kién ciing c6 thé duoc md phong bang macro (can c6 kinh nghiém
1ap trinh). Vi du dung API, co thé 1am cho cac object xuét hién ngau nhién tai cic vi

tri xac dinh dé mé phdng tac vu gép dat.
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Khi gin object vao tool, object gin nhat s& duoc gin néu né khong xa hon
mot khoang cach cho trude. Khoang cach nay theo mic dinh 1a 200 mm va cé thé
thay di trong: Tools=>Option=> Maximum distance to attach an object to a robot
tool. Ngoai ra, theo mdc dinh, khodng cach nay dugc kiém tra tir vi tri TCP dén
object tham chiéu. Hodc cach khac 1a c6 thé sir dung khoang cach giita TCP va dang
hinh hoc cua ddi tuong bﬁng cach chon Check shortest distance between TCP and
the object shape
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PHU LUC P2: Lap trinh va mo phong trén RoboDK

Lap trinh offline 14 14p trinh robot khong phai tai hién truong san xuat. Lap

trinh offline han ché thoi gian chét so vai khi 1ap trinh tai xudng san xuat.

Mo phoéng va 1ap trinh offline cho phép khao sat nhiéu tinh hudng cta mot
phan xudng trang bi robot trudc khi 1ap dat. Li khi thiét ké phan xuong co thé

duoc du doan trudc.

P2.1 Tao Project méi

Tat ca robot, d6i twong (objects) va dung cu (tools) trong project duoc luu
dang RoboDK station (goi la tip tin RDK). Mot RoboDK station chira moi thiét
lap lién quan dén robot, dung cu, hé céc toa do tham chiéu, cac targets, cac ddi
tuong va cac tham s6 khac. RoboDK station duoc luu dudi dang mdt tap tin (véi
dudi mo rong RDK) Khong can luu riéng cac tap tin robot, cong cu va cac ddi

tuong vi ching da dugc luu trong mot tap tin RDK
Chon File=> - New Station (Ctrl+N) d¢ bat ddu mot project méi

ﬁ RoboDK - Mew station (1) - Professional (RoboDK)
File Edit Program View Tools Utilities Connect File Edit Program View Tools Utilities Connect Help

P TE e % Chri+N | “ @ g % @ :!;L @'ﬂ
w Open. Ctri+ 0 @
(V) Qpen enline library Ctrl+Shift+0 I Tree g x

W | Service Robot

w 2l Dohot CR10 Base
L% Dobot CR10

Open recent L

4 Save Station Ctrl+5§
% Save Station as...

@ Make a demo station |’ CupTaklng_ProgT
Export Simulation Ctri+E [ U CoffeePrepar|ng_Pr092
) — |4 CustomerPass_Prog3
M Close current Station Ctrl+F4 . :
i
O Eit Alt+F4

Hinh P2.1: Tao m{t project méi véi station
P2.2 Tao chwong trinh mé phéng

Vi¢éc mo6 phong co thé duogc thuc hién bé“mg cach thém mot chudi 1énh trong mot

chuong trinh. Méi 1énh dai dién cho ma cu thé cho mot bd diéu khién cu thé.
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RoboDK cung cap giao dién ngudi dung d6 hoa (GUI) dé xay dung cac chuong
trinh robot dé dang hon khong can phai viét tng ma 1énh tryc tiép.

Dé tao mot chuong trinh méi trén RoboDK:

1. Chon Program—)t Add Program hoac chon trén thanh cong cu.

2. Chon Tools=>Rename item. .. (F2) dé d6i tén chuong trinh.

Viéc ndy s& tao mot chuong trinh méi va cho phép thém cac 1énh méi bang cach

nhap chudt phai vao chuong trinh hodc chon tir menu Program.

CupTaking_Prog1

Li CoffeePreparing_Prog2 T Ctri+R
| 4l CustomerPass_Prog3 Run on robat

Loop

~  Show instructions

~ Display path F7
Locked

& Check path F5

" Check path and Collisions Shift+F5

@& Recalculate Targets

|| Generate robot program as. Shift+F6
|| Generate robot program F6
|| Send program to robot Ctrl+F6
‘; Robot b
. Select Post Processor
- Export Simulation...
+ Add Instruction > 'L Add Program
et P2 &€ Move Joint Instruction
Reorder » @ Move Linear Instruction
™ Move Circular Instruction
Fibeic De! O Set Speed Instruction
o Show Message Instruction
E Pause Instruction
;E Program Call Instruction
19 Setor Wait /O Instruction
f Set Rounding Instruction
=l SetReference Frame Instruction
1};\‘-\ Set Tool Frame Instruction
S Simulation Event Instruction

Hinh P2.2: Thém lénh cho chuwong trinh

P2.3 Thém hé toa d9 tham chiéu
Hé toa d6 tham chiéu (Reference frame) cho phép dat cac ddi tugng tai mot
vi tri dbi véi mot robot hay ddi voi cac ddi tugng khac trong khong gian 3D (bao

gOm gié tri vi tri va hudng).

Dé thém mot hé toa d6 tham chiéu:

1. Chon Program —)i’L Add Reference Frame hay c6 thé chon trén toolbar
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2. Nhap dap chudt vao reference frame (trén cay station hay trén hinh 3D cua
man hinh chinh) dé nhép vao toa do (X,Y,Z cho vi tri va cac géc Euler cho
hudng). Co thé dung roller ciia chudt dé nhap nhanh cac gia tri nay khi ré

chudt dén cac 6 nhép toa do tuong tng.

Mau sic thuong ding mic dinh nhu sau:

X coordinate = Red

Y coordinate = Green

Z coordinate => Blue

Goc quay 1st Euler = Cyan
Goc quay 2nd Euler = Magenta
Goc quay 3rd Euler = Yellow

Tip: Chon Tools=>Options=>Display=>Display XYZ axis letters dé hién thi ky

hiéu XYZ trén cac truc.

3. Chon View=>Make reference frames bigger (+) dé tang kich thuéc hé

truc toa d§ tham chiéu

4. Chon View=>Make reference frames smaller (-) dé giam kich thudc hé

truc toa d§ tham chiéu

5. Chon View=>Show/Hide text on screen (/) dé hién thi hay d4u text trén

man hinh

6. Thay d6i tén cac hé tryc toa do tham chiéu hay cac dbi twong trén cay

station bang cach chon F2
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don ¢ A6 L@ Lk @ v o0

Frame Details: Frame 2
A o Hame: |Frame 2 ‘
WVisible
Le ; |Frame 2- .:" — Reference position with respect to: i New 5t3ﬁ_or_| (?J b
[X,Y,ZImm | RotIX,v',Z’']deg - Staubli (deg) > =
o009 soo.cos | d6.058)  G.000 | b.608  10.000

Frame 2

Hinh P2.3: Thém hé toa d tham chiéu

Néu dung nhiéu mét reference frame, ta c6 thé kéo tha ching vao trong
Station tree dé tao su phu thudc nhu khi lép dat truc tiép. Vi du, reference Frame 2
¢ thé duogc dat thudc robot base reference. Trong trudong hop nay, néu robot di
chuyén thi Frame 2 ciing di chuyén theo. Cho du su phu thudc khac nhau ta van co
thé nhdp vao hay thu dugc toa do cua bat ky reference nao ddi voi cac reference

khac. Hau hét robot déu can toa do cua reference frame doi voi robot base frame.

@H 5¢ A@” @ N Mo @ » ou

Frame Details: Frame 2

Hame: |Frame 2 ‘

Visible
. Frame 2 - Reference position with respect to: | | UR10 Base Q -
g T oL RDBase
[T, ¥,Z0mm | Rotlx,¥',z"'ldeg - 58 y| apply relative move
-382.088 5ga.pes ECCHECN I ew station (1) E
UR.10 (flange)
Frame Details: UR 10 Base &2 X

Hame: |UR1.D Base

Frame 2

Visible

Reference position with respectto: | | New station (1) >

[x,Y,Z}om | Rot[x,v',z''Jdeg - Stoubli (deg) ~ r | =
e.ee8 a.eee am a.eed 2.e0e 2.008

Hinh P2.4: Thay déi vi tri ciia hé toa dd tham chiéu
Reference frames ciing c6 thé di chuyén bang cach nhan giit phim Alt, hay chon

nut e trén toolbar. Sau d6 kéo reference frame bang chudt trén man hinh. Khi

reference frame di chuyén, thi toa do cua n6 cua dugc cap nhat theo.



