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PHAN MO DAU

1. Tinh cap thiét cia dé tai

Hé théng robot dich vu ¢ thé chu dong gidm sat va thich ung nhanh voi
nhimg thay d6i lién tuc trong cac day chuyén san xuét. Bing kha ning két ndi nhiéu
thiét bi, robot cong tac ngay cang thich tng linh hoat véi khong chi nhiém vu ciia ban
than n6 ma con cong tac thuc hién nhi€ém vu véi cac robot cdng tac khac, cac hé
thdng thiét bi khac nhau va ngay ca véi con nguoi trong cac nha may thong minh. Vi
vy, nghién ctru, thir nghiém, ché tao robot cong tac 1a xu hudng hién nay va trong
tuong lai..

Pé tai gop phan vao viée giai quyét cac van dé nén tang can thiét gitp giam chi
phi xdy dung phan mém, thoi gian nghién ciru giao tiép phan cting cho robot cong tac
trong su phat trién manh mé cua [oT theo su dinh hinh phat trién Do thi thong minh
trong tuong lai. Pé tai ¢ su tham gia hd trg vé dinh hudéng hoc thuat cua Cong ty
TNHH Ché tao may 3C (Cong ty dugc hd tro boi Quy doi méi sang tao Vingroup
VINIF trong dy an mi s6 VINIF.2020.NCUD.DAO059 ) dé két qua dé tai mang tinh
thyc tién, c6 kha ning ung dung cao sau khi nghién cuu..

2. Muc dich nghién ctru

Muyc tiéu chinh : Nghién ctru, tim hiéu vé RoboDK, céch cai dat, cac trinh mé
phong va viéc str dung né trén cac hé thong ao.

Tir myc tiéu chinh trén, luan vin s& du kién cac két qua dat duoc nhu sau:

- Tim hiéu tong quan vé robot dich vu

- Tim hiéu tong quan vé phan mém md phong RoboDK va tmg dung.
- Tim hiéu cac API giao tiép giira RobotDK va may tinh.

- Tim hiéu vé mot s6 thao tac robot.

- Tim hiéu hoach dinh quy dao diéu khién robot dich vu pha ché cafe.

3. Pdi twong va pham vi nghién ciru



Péi twong nghién ciu
- Ddi tugng nghién ctru chinh phin mém RoboDK va cac API giao tiép.
- Lap trinh giao tiép véi RoboDK véi may tinh thong qua API dung C#
- Mb phong robot tmg dung trong dich vu pha ché cafe.

Pham vi nghién ctru
- Khao sat phan mém RoboDK
- MBS hinh héa robot dinh dang 3D vao phian mém RoboDK

- Lap trinh cho robot thyuc hién 1 s6 thao tac 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.
- Thuyc hién giao tiép véi RoboDK thong qua API dung C#
4. Phuwong phap nghién ctiru
Phwong phdp Iudn: Dya trén co so phan tich thiét ké hé théng, dé xuat hé
thong diéu khién, thuc hién giao tiép thong qua cac API gitta robot va phan mém.
Phwong phdp danh gid bang mé phéng trén may tinh: Xay dung mo hinh
robot, mo phong diéu khién robot da dé xut, két ndi dugce véi moi trudng mod phong
robot ding C# dé tir d6 san sang diéu khién céi cac co cau chap hanh theo thoi gian

thue véi truyén thong EtherCAT.
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PHAN NOI DUNG

CHUONG 1: NGHIEN CUU TONG QUAN

1.1 Téng quan veé robot dich vu

Robot dich vu hay con goi 1a robot phuc vu la loai ngudi may phuc vu con
ngudi, nd hd trg con ngudi trong rat nhidu cac cong viée khac nhau tir don gian dén
phuc tap. Pac biét robot dich vu dugc dua vao sir dung vdi cac cong viée xa x01, cac
cong viée c6 tinh chat nguy hiém, doc hai anh hudng dén strc khoe con ngudi. Robot
nay con dugc tng dung vao cac cong viéc co tinh chat 1ap di 1ap lai, hodc cong viéc

nd1 trg hang ngay.

Robot dich vu hién nay c6 thé hoat dong ban ty dong hoac ty dong hoan toan
nham phuc vu cic cong viéc hitu ich theo nhu cau cta con ngudi. Robot hoat dong
phuc vu nam ngoai hoat dong san xuit d6. N6 dugc van hanh boi mét hé théng diéu
khién tich hop véi cac tiiy chon diéu khién bang tay, tirc 13 tac dong tirc thi cia con
nguoi s& 1am thay doi hoat dong cta robot theo ¥ mudn cia ban than va trong khung

1ap trinh cho phép hoat dong cua n6

1.2 Robot cgng tac

Robot cong tac (collaborative robot hay cobot) 1a mét loai robot dugc thiét ké
dé 1am viéc chung véi con ngudi trong mot khéng gian chung. Mot trong nhimg diém
khac biét gitra cobot so vai robot cong nghiép chinh la robot cdng nghiép thuong hoat
dong doc 1ap, can co thiét bi bao vé va rao chin dé tranh gay nguy hiém dén con
ngudi; con cobot duge danh gia cao béi tinh an toan, chinh vi thé day duoc coi 12 tro
thit dang tin cay khi 1am viéc cing con ngudi trong cac hoat dong san xuat cong
nghiép va dich vu. Cobot c6 yéu cau k¥ thuat va thiét ké cao va khéc biét hon so véi
robot truyén théng: Cac bo phan cu thanh can phai duoc thiét ké dic biét tinh gon
(compact), dam bao do an toan va tin cdy cao, twong tac linh hoat va dap tng nhanh
véi nguoi sir dung va 1am viéc cung, dé diéu khién véi chic ning day hoc (teach

mode), va phai hiéu qua vé mat chi phi.
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Hinh 1.1: Sw khéc biét co ban vé swr an toan giira robot cong nghiép va cobot
1.3 Hé thong diéu hanh robot (Robot Operating System)

1.3.1 H¢ théng diéu khién tap trung robot truyén thong

Trong hé thong diéu khién tap trung, cac driver diéu khién dong co duoc thiét
ké tap trung tai ti dién diéu khién, do d6 c6 su két ndi cap dién kha 1on tir robot vé tu
diéu khién. Hé thong diéu khién nay c6 thé diéu khién cac hé thong robot 16n nho cac
hé dién tir cong sudt cao cd du khong gian bo tri trong ti dién. Trudc khi ¢ cac
nghién ctru vé robot cong tac, hé thong diéu khién tap trung duoc st dung phd bién
trong cong nghiép véi tén thuodng goi la robot cong nghiép va dugce img dung trong
cong nghi€p xe hoi, cong nghi€p han, cong nghiép son, dong goi hang nang trong
kho, .... Mot vi du minh hoa cua hé théng diéu khién robot kiéu tap trung RC8 cua
hang Denso. Trong hé thong nay, cac servo driver dugc gan ngay trén bo diéu khién
v6i cac khe cdm PCI ctia may tinh cong nghiép dugc ché tao chuyén dung cho hing

Denso.

Motor & encoder cable <2 m, 4m, 6m, 12m, 20m>
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Hinh 1.2: Hé thong diéu khién tap trung RCS cho robot truyén théng ciia hing Denso
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1.3.2 H¢ thong diéu khién phan tin cdi tién cho robot cong tic

V61 su bao hoa cua viéc ting dung robot trong cong nghi¢p, cac nha hoach dinh
chién lugc robot mong muén mé rong kha ning robot trong nhiéu linh vuc khac, nhét
1a trong linh vuc dich vu lam viéc chung voi con ngudi. H¢ théng diéu khién cling
duoc cai tién thay d6i twong tng thanh hé thdng diéu khién phan tan chuyén ding
cho robot cong tac. Trong hé thong diéu khién phan tan cac servo driver dugc thiét ké
tich hop ngay trén cac dong co khdp cua robot tao thanh mo khdi tich hop mat dd cao
duoc goi 1a Joint actuator (co cAu chap hanh khép) xem hinh 1.5. Do d6 bo diéu
khién phan tan khong co céc servo driver ma ching di dugc phén tan trén cac khop
quay cta robot. Viéc két ndi dién giita robot va ta dién ciing gon hiéu qua hon nhiéu
vi chi con c6 su két ndi truyén thong (khong phai 1a cac két nbi dién cong suat cao)
giira t dién va robot. Mot két ndi truyén thong sir dung phod bién trong truong hop
nay la EtherCAT.

Heé thong diéu khién phan tdn dua trén nén tang truyén thong realtime
EtherCAT thong qua cong LAN Gigabit. Cac module chuyén ding EtherCAT slave
nhu Servo motor driver, I/O mo-dun, ADC/DAC mé-dun dugc giao tiép c6 ddy voi
Master EtherCAT véi toc do truyén realtime. Nhu vy hé thong diéu khién cobot
duoc cai thién dang ké vé toc do truyén va két cau phan cing nho gon kiéu mo-dun
hoa. Trén hinh 1a minh hoa bd diéu khién cobot phén tan cai tién cho cobot cta hing
Denso. Hé thong st dung nén tang realtime win10 trén IPC ctia hing Beckhoff. Véi
nén tang ndy thi kha ning maé rong ctia bd RCY rét linh hoat va c6 thé tich hop theo
nhu ciu thyc té ctia ing dung.

1.4 Phan mém mé phéng robot - RoboDK

RoboDK 13 mdt phan mém mé phong va lap trinh ngoai tuyén cho robot cong
nghiép. Phin mém mo phong co thé duoc st dung cho nhiéu du 4n san xuét bao gdbm
linh vuc cong nghiép nhu phay, han, gip-dat, dong géi va dan nhan, xép kho hang,
son, lép rap, va linh vuc dich vu nhu nha hang, siéu thi, am thue, ....

Chuong trinh diéu khién robot c6 thé dugc 1ap trinh cap cao thao tac truc tiép

trén robot md phong, sau d6 duoc xuat ra chuong trinh twong thich véi cac robot that
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hién c6 trén thi truong. Moi trudng md phong cé thé dugce giao tiép thong qua API c6
thé duoc viét béng C#, C ++, Python, Matlab.
Thu vién robot kha 16n c6 thé truy cdp thu vién cic robot cong nghiép va cac

d6 ga tir hon 40 nha san xuét robot trén thé gioi.

Bo xtr 1y xudt chuwong trinh RoboDK hd tro nhiéu b diéu khién robot thuong
mai trén thi truong, bao gém:

= ABB RAPID (mod/prg)

= Fanuc LS (LS/TP)

» KUKA KRC/IIWA (SRC/java)
= Motoman Inform (JBI)

1.5 Két luan chwong

Chuong nay tong quan cac van dé lién quan dén dé tai bao gdm téng quan vé
robot cong tac, cac loai robot dung trong linh vuc dich vu nhu robot di dong phuc vu
va robot dich vu trong linh vuc bép, phan loai céc loai bo diéu khién robot bao gém
bo diéu khién robot tip trung va bd diéu khién phan tan dé lam tién dé cho viéc dinh
huéng ndi dung va cac gioi han nghién ciru phi hop cho dé tai. Tim hiéu vé phan
mém RoboDK chuyén dung cho mdé phong cac loai robot cong nghiép va cac loai
robot cOng tac dong vai trd quan trong trong viéc iing dung nhanh robot vao linh vuc
phuc vu. Vi cac tim hiéu téng quan vé robot dich vu nhu vay dé tai dinh hudng viéc
tmg dung vao viéc str dung hiéu qua phan mém RoboDK trong viéc thiét ké robot
thuc hién phuc vu céac thao tac pha ché ca-phé. Robot pha ché ca phé nay dugc dat
trong mgt khong gian nhé gon tai cac khu vuc giai tri, nha hang, khach san, san bay,
bénh vién, truong hoc ... ma khong can nhan vién dich vu. Véi nhing tinh ning nay
nham hudng téi cac d6 thi thong minh trong xu huéng chuyén doi sé cac hoat dong

cua cudc song trong tuong lai.
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CHUONG 2: MO HINH HOA ROBOT PHA CHE

2.1 Xay dwng mé hinh robot

Robot khao sat dé ung dung mo phong thao tac pha ché trong chuong nay 1a Dobot-
CR10 (hdng DOBOT) [8]. Robot nay ¢ 6 bac tu do bao gdm 6 khdp duge danh 6 1a J1, J2,
J3, J4, J5, J6. Viéc phan tich va xay dung biéu thirc dong hoc ciia robot dang canh tay 6 béc
tr do nay dugc trinh bay trong [3]. Trong dé tai nay sir dung cong cu co san trén RoboDK
dé minh hoa tinh linh hoat va da ning ctia phan mém nay.

2.1.1 Xdy 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 gdm: nén (Hinh 2.1a), khép 1 (Hinh 2.1b),
khép 2 (Hinh 2.1c¢), khép 3 (Hinh 2.1d), khép 4 (Hinh 2.1e), khép 5 (Hinh 2.1f), khép 6
(Hinh 2.1g), va m hinh day da (Hinh 2.2)

2. Datasheet cia robot hay s6 tay k¥ thuat robot (robot manual) dé c6 khoang cach cua cia

khép (Hinh 2.3)

Khi co tap tin 3D vao RoboDK, ta Kéo tha robot vao RoboDK hay chon select file va
sau d6 open. Thyc hién chia nhd mot object robot thanh céc thanh phan khac nhau dé cé thé

xur 1y timg phan riéng biét nhu hinh 2.1.

OB D¢ HE NP @ »u 8 CEOFOS | EOB A HE NOENS @ e

Hinh 2.1a: M6 hinh 3D nén (B0) Hinh 2.1b: M6 hinh 3D khép 1 (B1)
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Hinh 2.1¢: Mo hinh khép 2 (B2) Hinh 2.1d: M6 hinh 3D khép 3 (B3)

) By H e NINAIS @ wo- 1 B E T 6= g
N S A — CHE HPLNIE@ v BE S r2OFDS

.
Bece

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

© RoboDX - Dobot CR10.final_Color - ATOM - =] X
am View Tools Utilities Connect Help

VB JCHE LI L@ w1 B LA - F@F0D &

Frame Details: Frame Robot 8 x
P | Dobot_CR10_Final
w | Dobot_CR10_Final_Color
[ [ Frame Robo
@ Bo
(@ 13|
@ B2
-@ B3
171
Iss
*1:

P _L Dobot-CR10-Base

Mame: Frame Robot
[ visibie
Reference position with respect to: || Dobot_CR10_Finsl_Color

XY, Z]me | Rot[X,Y",Z' ]deg - Staubli/Meci

im

0.600 1000.000 .08 c.000  0.000

Hinh 2.1: C4c mé hinh 3D Cobot CR10: nén (B0), khép 1 (B1) , khép 2 (B2), khép 3 (B3),
Kkhép 4 (B4), khép 5 (BS), khép 6 (B6)
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2.1.2 Cai ddt cdc théng sé ddng hoc va giéi han chuyén déng khdp
Vé6i cac mo hinh 3D tinh duoc ghép lai, ta c6 thé thuc hién cac budc dé dinh nghia
mo hinh déng hoc cho robot bang cach sau: Chon Utilities=>Model Mechanism or Robot.

Dudi muc Robot Type, chon 6 Axis Collaborative Robot.

Néu céc thanh phan ciia robot theo dung thtr tu, thi tit ca cac mo hinh 3D duoc gop
lai theo ding thtr tu d6. Khi do, ta c¢6 thé lién két bang tay timg object tao thanh mot robot

diang theo thtr tu trong Robot Builder.

Pién thong tin kich thudc cua robot bang ciach md data sheet ciia Dobot-CR10
(Hinh 2.3). Trén ban v& 3D cua data sheet, ta s& tim duoc tit ca gia tri kich thude can tim
(Bang 2.1). Pién cac gia tri d6 vao RoboDK, va khi két qua théa min chuyén dong dong
hoc cua robot, chon Update (Hinh 2.4).

Dung bang déu khién robot dé quay timg khop dé bao dam sb liéu dong hoc nhap
chinh xac (Hinh 2.4). Xac dinh céc thong s goc quay gi6i han cia timg khép (Hinh 2.5).

108.4mm

693mm

568mm

g \
|
‘ i 18
—
1525mm

607mm

783.5mm

|
-1
!

Hinh 2.4: Kich thuwéc Dobot CR10
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VB ICHE LN @ » 1 BE LA EQF0S &

@ Build/modify mechanisms or robots

Robot Name [DOBOT-CR10

Set the robot dimensions
[X,Y,Z}m | ROt[X,Y ,Z ]deg - Fanuc/Motoman (defau
o.000 o.000 0.000 o.000

Base shit (H)

Y, Z]m | Rot[X,Y ,Z ]deg - Fanuc/Notoman (defay
0000 .00l @886 o.c00

End-effector shift (W)

4, (mm) 176,500 3 26; (deg) 90.000 3
8, (mm) 607.000 & 15, (deg) 00003
a4 (mm) 568,000 3. 26, (dog) [ -90.000 3
4 (mm) 193.000 & 5. (deg) 0.000 %

- 8 A & (mem) 125.000 3 88, (deg) .000 3
I New Station (2) % (mm) 0, (deg 0.000

e (mm) 108.400 (3

28, (deq) [ 00003

Sase reference (Fy) | Frame Robot
ospea suid jorts e Invet sense Minenum imit Maxmum e
sase | @ DoBoT CRI00

Joint 1 © DOBOT CR10 1 s 103 [J mvert 200.0 & 200.0 3
Joint2 | DOBOT CR102 2 .0 3] [ iwert 2000 /3 2000 5
Joint3 | [ DOBOT CRI03 g 0 2] 0] ivert -200.0 3 20005
oint4 | DOBOT CRI0 4 : 3] O et 20003 [ 200073
Joint'5 | £ DOBOT CRI0'S $ 03 [ twert -200.0 '3 200.0 3

oint 6 | [ DOBOT CRI06 0 00 31 [] twert -200.0 3 2000 3

Update oK Cancel

T-CR10 Base

Hinh 2.5: Xac dinh va nhap cac kich thuwéc dong hoc trén robot builder
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
J1 360°
J2 360°

Gi6i han khép J3 160°
(Joint Ranges) 14 360°

J5 360°
J6 360°
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@ RoboDK - CR10 Modified - ATOM
file Edit Program View Tools Utilities Connect Help

WOB C HE

Robot Name [DOBOT-CR10

Set the robot dimensions

Base shift (H,)

End-effector shit (;)

[XYaZ]mm | Rot[XY L2
e.000 o.000

[X.Y.Z]m | Rot[X,Y ,Z ]deg - Fonuc/Motoman (defou -

Jdeg - Fanuc/Motomsen (defou

o.008 e.

gmzm

d, (mem) 176500 28; (deg) 90.000 3
2 (mm) 607.000 3 28, (deg) 0.000 3/
2 (mm) 568.000 3 80, (deg) [ -90.000 3
d (men) 193.000 3 86, (deg) 0.000 %
d (mm) 125.000 5. 28, (deg) 0.000 2
d (me) 108.400 &
29, (deg) 0.000 5
Base reforance (Fy) |, Frame 1
Object Suldjoints  Home lnvert sense Minimum lmit Macrmum hrmit

sase | 8 DOBOT CR100

Joint 1 DoBOT CRI0 1 00f3 0.0 3] () mvent 6003 [ w03
Joint2 ) DOBOT CR102 v 0.0 8 0.0 $1 (] 1vent 360.0 3 3600 §
Joit3 | DOBOT CR103 0ols 0.0 3] (] vent 1600 3| [ 16008
Joint4 ) DOBOT CRI04 00fg 0.051 (] nvent 360.0 3 3600 %
Joint's | DOBOT CRID'S 008 0.0 3] (] mvert 00| [ w007
Joint 6§ DOBOT CR106 003 0.0 5] (] vert 360.0 3 36003
update ox cancel

Hinh 2.5: Xac dinh cac giéi han géc quay cia khop trén robot builder

2.1.3 Thir nghiém moé hinh robot

@ RoboDK - CR10 Modified - ATOM

File Edit Program View Tools Utilities Connect Help

WVRICHE LN @ w0 BE L e F@F0S &

Rabot Name [D0BOT-CR10

Set the robot éimensions

Base chift ()

o o X
X
DOBOT-CRI0 panel 5 x
Name: D0E0T-CR10 Feremeters
Cartesian Jog
Tool Frame ~  with respect to robot flange
[X,Y,2]em | Rot[X,Y,2""]deg - Staubli/Mecademic =
.00 o.000 6.000 0.000 0.000 2.000
Reference frame _| 00BOT-CRI0 Base ~  with respect to robot base.
[X,Y,Z]mm | Rot[X,Y',2'*Jdeg - Staubli/Mecadesic B
6.000 .00 .00 0.000 ©.000 0.000
Tool Frame with respect to Reference Frame
[X,Y,2Z)wm | Rot[X,Y',2"']deg - Staubli/Mecademic =
su71e -sLen NS 21512 M1 -s.980
Tool Frame VW Show Frames

X v z |® Donotshow

Transieton
Rataton

) Show for wrist center
) Show for robot flange

> Show for current tool

[ AWMone [ gage o)

2] Tool Frame

[ Ret. Frame 4 Rabot Flange
O Oz 0Os
O« 0Os Oe

[X,Y, 21w | Rt[X,Y ,Z ]Jdeg - Fanuc/Motoman (defau -

Joint axis jog Home

6: 162303600 < > 300
8 1895]0-360.0 < > 3600
6| -89.02]0-1600 < > 1600
LB -59.55|9-360.0 < > 360.0
8 -97.440.360.0 < > 3600
6:[ 27103600 < > 3600

Other configurations (. &, 5. 6. 6. 8) Mare options

(90 16,23, 18.95%, -89.02°, -59.55%, -97.44%, -2.7°] v

Hinh 2.6: Test hoat dong ctia robot trén robot Panel

2.2 Xay dwng md hinh may pha cafe

M6 hinh méy pha Cafe bao gom:

1. Hé toa d6 tham chiéu (Reference Frame): Frame CM

2. Céc dbi tuong (objects):

= Cafe Machine Imx1m: d6i tuong khu vuc dat may Cafe
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= Cafe Machine: may rét Cafe

3. Cac muc 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 rét
Cafe vao ly

» Retract: vi tri an toan ra khoi may pha Cafe

w | Cafe Robot
w _| Dobot CR10 Base
| » % pobot cr10
w 2L Frame CM
@ Coffee Machine 1mxim
@ Coffee Machine
@’ Home
@ CM Approach
@ Target 1
~@ Target2
@ Target3

@ RoboDK - Cafe Robot - ATOM =
AORDCHF DINNNQ w1 BHE LA, 2@0=08 &

~@ Target4
~@ Target5
~@ Target6

o

Hinh 2.7: M6 hinh may pha Cafe
2.3 Xay dwng mé hinh cip ly cafe va bé giao cafe
(1) Mb hinh cép ly Cafe: bao gom
1. Hé toa do tham chiéu (Reference Frame): Frame Cup
2. Cac d6i twong (objects):
o Cup Area Imx1m: déi tugng khu vuc cung cip ly Cafe
o Cafe Cup 1, Cafe Cup 2, Cafe Cup 3, Cafe Cup 1: ly cafe
3. Cac muc ti€u (Targets) sau:
o Cup Approach 1: Vi tri tiép can ly 1
o Cup Approach 2: Vi tri tiép can ly 2
o Cup Capture 1: Vi tri 1y ly ra khoi chong ly
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Hinh 2.8: Mé hinh cip ly CAFE

(2) M hinh bé giao Cafe cho khach hang: bao gdm
1. Hé toa do tham chiéu (Reference Frame): Frame Customer
2. Céc dbi tuong (objects):

o Customer Area Imx1m: d6i twong khu vuc dit ly Cafe

o Cafe Base: b¢ ly Cafe
3. Cac muc tiéu (Targets) sau:

o Customer Retract 1: vi tri tiép cén ly 1
o Customer Retract 2: vi tri tiép can ly 2
o Customer Cup Capture: vi tri gap ly
o Customer Approach: vi tri an toan lay ly ra
2.4 Tong két chwong
Chuong nay trinh bay trinh ty xay dung mgt moé hinh tram robot dich vu. Robot dich
vu dang canh tay 6 bac ty do duoc xay dung hoan chinh tir cac khéi 3D roi rac. Vi tinh
nang xay dung ciu trac dong hoc ctia phan mém RoboDK (tinh ning Model Mechanism or
Robot). Mau thir nghiém Dobot-CR10 duogc gin cac khdp quay vao cac truc phu hop tao cac
chuyén dong hop 1y cho canh tay robot. Ngoai ra, cac mé hinh khac ciing dugc dung nhuw

mo hinh cdp ly CAFE, md hinh may pha CAFE, mé hinh bé giao CAFE phuc vu cho viéc
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mo phong. V&i md hinh tram robot dich vu nay, chung ta ¢6 thé thuc hién viéc 1ap trinh cho

cac chuyén dong thao tac ché bién ¢ chuong sau.
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CHUONG 3: THIET KE VA MO PHONG THAO TAC PHA CHE

3.1 Thiét ké trinh tw pha ché bing robot

Hoat dong ciia mdt robot dich vu CAFE dugc thiét ké 1a mot diéu khién trinh ty gdm
nhiéu budc di qua cac vi tri dugc xac dinh trong khong gian 1am viéc cua robot, va dugc
chia thanh 4 chuong trinh con chinh va 1 chuwong trinh con phu trg bao gdm: chuong trinh
con lay ly (CupTaking_Prog); Chuong trinh con tiép can may pha CAFE (ApproachMove);
chuong trinh con pha ché CAFE (CAFEPreparing Prog); chuong trinh con dua ly vao bé
cho khach hang (CustomerPass_Prog).

© RoboDX - Cafe Robot - AT

File Edit Program View 0::0|$ Utilities Connect Help
@OBRICHE IR LN @ »-u & F

¥ | Cafe Robot
w _| Dobot CR10 Base

o X

ST EQFES
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P 2l Frame CM

P L Frame Cup

P L Frame Customer

P _L Frame Robot
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P || Retract

W | MainProg
[~ Set Ref. Frame CM
1= Set Tool: C Grip
I~ 2 Call CupTaking_Prog
-3 call ApproachMove
=3 Call CoffeePreparing_Prog
I~ Call CustomerPass_Prog
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P || CupTaking_Prog

P | CoffeePreparing_Prog

P | CustomerPass_Prog

P | BringCupBack

Hinh 3.1: M6 hinh tram pha CAFE dung robot
3.2 Thao tac ly ly

Chéng ly duoc gia dinh up nguoc, ly c6 dang hinh con (phia dudi nho hon phia trén)
va ¢6 mot khoang cach nhit dinh gitra cac ly. Thao tac lay ly duoc don gian héa bao gdm
thao tac dua tay kep vao vi tri phia du6i ly va di chuyén thang phia trén dé 13y ly ra khoi
chong ly. Bé thuc hién thao tic, can cé 3 target ma robot can di qua: vi tri tiép can chong ly
(Cup Approach 1), vi tri tiép can ly (Cup Approach 1) va vi tri thoat ra khoi chong ly (Cup
Capture). Chuong trinh con thyc hién lay ly duoc cho trong Hinh 3.3a va chuong trinh con

tiép can may pha ché cho trén hinh 3.3b.



Hinh 3.2¢: Vi tri lay ly cafe ra

3.3 Thao tac pha ché CAFE

Thao tac pha ché CAFE dugc don gian hoa bao gom thao tac chAm CAFE va thao tac
cham kem sita. Dé thuc hién thao tac nay, can co 6 target ma robot can di qua. Ngoai ra, con
¢ 2 vi tri didc 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 thyuc hién pha ché dugc cho trong Hinh
3.5a va hé toa d6 may pha CAFE cho trén hinh 3.5b.



Hinh 3.3e: Vi tri rot kem sira 1 Hinh 3.3f: Vi tri rot kem sira 2



Hinh 3.3g: Vi tri an toan ra khai may pha cafe

3.4 Thao tac dwa khach hang

Thao tac pha ché CAFE duoc don gian hoa bao gdm thao tac cham CAFE va thao tac
cham kem sita. D¢ thyuc hién thao tac nay, can c6 6 target ma robot can di qua. Ngoai ra, con
co 2 vi tri dac biét la vi tri tiép can may pha CAFE (CM Approach) va vi tri thoat ra khoi
may pha CAFE an toan (Retract). Chwong trinh con thuc hién pha ché duoc cho trong Hinh

3.5a va hé toa d6 may pha CAFE cho trén hinh 3.5b.

~

Hinh 3.4a: Vi tri tiép cin bé Hinh 3.4b: Vi tri dit ly 1én bé



Hinh 3.4¢: Vi tri tiép cin bé Hinh 3.4d: Vi tri tiép can 2
3.5 Giao tiép APl RoboDK dung C#

RoboDK API ding C# 1a mot tap tin nguén RoboDK.cs c6 chira RoboDK class,
RoboDK.Item class, va mt s6 cong cu khac vé robotics nhu tinh toan ma tran RoboDK.Mat

v6i cac phép bién d6i khong gian 3D.

Sens Conm. Copp. ) TCPAP UDP 2419 | Cobot Onens Plomng Peth Flaring Servo Achustor Parsmeter Actustir oot OH Poameters Plot Setrg 3D Trarfomston  Cobet Parel 1 Servo Params

@ RoboDK - Cafe Robot - ATOM =<

Losd obet Seect bt

Diply Mode
) Show Cobet
D) e Cabst

® itegure Cobot

Using robot: Dobot CR10

..............

Hinh 3.5: Giao tiép API ding C#
3.6 Tong két chwong
Chuong nay trinh bay vi¢c 1ap trinh cho robot dich vu thuc hién thao tac pha ché
CAFE. Cac chuong trinh con thuc hién cac bao gom: (1) thao tac 1y ly, (2) thao tac tiép can
may pha CAFE; (3) thao tac pha ché CAFE; (4) thao tac dua ly vao bé cho khach hang. Xay
dung mot chuong trinh trung gian RoboDK API dugc sir dung dé giao tiép v6i chuong trinh
mo phong va dong thoi s& duoc giao tiép tiép voi phan clng that theo truyén thong realtime

EtherCAT (duoc dé xuat trong trong phan hudng phat trién).
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CHUONG 4: KET LUAN VA HUONG PHAT TRIEN

4.1 Két luan

Pé tai bao gdm 4 chuong thuc hién mot muc tiéu chinh, d6 13, xay dung mot hé diéu
hanh robot tich hop: bao gdbm mot phin mém mé phong roboDK va mdt phan mém trung
gian giao tiép RoboDK API dung C# dé sin sang cho cac tinh ning diéu khién realtime cho
robot thuc. Dé tai chon ung dung robot dich vu CAFE dé minh hoa cho qué trinh nghién

ctru cia minh. Céc cong viéc thuc hién nhu sau:

(1) Tim hiéu robot cong tac ing dung dich vu va phan mém mé phong RoboDK
(2) M6 hinh hoéa 3D robot cong tic Dobot-CR10 va cac thanh phan twong tng nhu mo
hinh méay pha CAFE, md hinh cap ly va mé hinh bé giao CAFE.

(3) Lap trinh mo phong cho robot thue hién pha ché mot ly CAFE: thao tac lay ly CAFE,
thao tac pha ché CAFE, thao tac dua khach hang.

(4) Lap trinh giao tiép RoboDK API truy xuét cac tinh ning ctia RoboDK nhu load
station, thuc hién cac 1énh co ban, doc cac vi tri hién hanh cua Tool, diéu khién vi tri

tool dén vi tri moi.

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

trinh trung gian.
4.2 Hwéng phat trién

Nhu d¢€ trinh bay trong muc 1.3, viéc khao sat bd diéu khién cua robot cong tac voi
nén tang realtime EtherCAT, dé tai thuc hién viéc giao tiép RoboDK API. Pay 1a budc quan
trong nhit ciia phin mém trung gian dé tiép tuc thuc hién budc diéu khién cap thap voi
robot that dé hién thuc hé didu hanh robot chuyén dung cho nghién ciru va phat trién thuat
toan sau nay. Pay la giai phap cho bai toan diéu khién cip thap nhat, d6 1a cap diéu khién
cac co cau chip hanh thong minh (smart actuators). Cac hudng phat trién cua dé tai nhu sau:

- Két ndi hé thong thiét ké quy dao cho robot RoboDK vao hé thong thu nhan dir liéu
dé phong k¥ thuat co thé thiét ké va truyén chuong trinh robot xudng khu virc hién trudong
khi str dung robot d6 cho mét dich vu khac

- Lap trinh tinh ning diéu khién cip thip dung truyén thong EtherCAT dé diéu khién

robot that, si dung hi€u qua dir li€u vi tri trén phﬁn mém mo phong RoboDK.
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- .Lap trinh tinh ndng khao sat dong luc hoc cho robot cong tac phuc vu cho viéc

nghién clru tinh nang quan trong 1a phat hién va cham trén robot cong téc.

- Lap trinh giao tiép v6i cam bién va cac co cdu chdp hanh khac dé hoan thién phan
mém Hé diéu hanh robot.

- Lap trinh h¢ diéu hanh robot giao tiép v6i bo dicu khién camera 1a mot tinh ning

khong thé thiéu d6i véi robot cong tac



