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ABSTRACT

Collaborative robots are robots that work in the same space as people and cooperate with each other, and
are used in many industrial fields. Most of the collaborative robots currently in use are built based on
articulated robots, resulting in excessive specifications and costs even in fields that do not require complex
tasks. In this paper, we design and implement a mobile teaching pendant for cooperation with 3/4 axes robots

such as a Cartesian coordinate and SCARA robot, enabling it to perform simple tasks. The components
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required for 3/4 axes collaborative robots consist of a robot, a control box for communication and control

robots, and a teaching pendant. The paper designed and implemented the teaching pendant application to run

on an Android-based tablet PC. The role of the teaching pendant is primarily to provide 1) a work

environment for building control programs, 2) an execution display screen that can control the robot and

monitor its status as the written program is executed, and 3) settings to configure the necessary parameters for

robot control. The implemented teaching pendant app transmits and receives data to and from a remote control

box via Wi-Fi, sending control commands and monitoring the robot’s status in real time. Additionally, various

additional functions can be included to enhance user convenience. Finally, in the paper, we tested a collision

and performed and verified cooperation with a Cartesian coordinate robot by creating a program code for a

chicken-cooking robot on a mobile teaching pendant.
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KUKA'’s collaborative robots.
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Table 1. Control commands to be able to program.
Commands Description
Movel Move Joint
MovelB Move Joint Blend
MoveL Move Linear
Movel.B Move Linear Blend
MovePB Move Point Blend
MovelL Move Joint with Linear Input
MovelTPL | Move Interpolation
Circle usc?d for circle behavior with three
points
Set set parameters used in robots
D.Out On/Off digital pins
A.Out set analog value to pins
Delay delay (unit milliseconds)
wait until the D.IN (digital input) or
Wait A.IN (analog input) is reached to some
status
Repeat loop
Assign define variables
IF if condition statement
Script make user defined scripts
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Table 2. Function by channel.

Channel Function

Jog(Global, Local, User, Joint)

Move
Set
(T?;’ll) Digital Out
Analog Out
Wait
Robot stop
CH2 Robot operation status
(TCP2) Robot co-ordinate

o
= vk AW E Skl gle % EEOI %Z—hﬂt
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Debug, 2 7t v¥Je]¢] ACK (acknowledgement) ™|
A 2% F3gck o] main command®] MSB (most sig-
nificant bit) 1¥]E= £A1 v}3kS- vjehl7] $J3k v E
2 AhgEch

Sub command+ Z} main command®] 3} R E
X3elr] 917 2R EeZolrt olE 5, 1§ 129 2

Main command Sub command data Reserved (CRC)

‘ 1 byte ‘ 1 byte ‘ N - bytes ‘ 1 byte ‘

0xxxxxxx | Teaching pendant > Control box

Control box = Teaching pendant

kv AlA] 3
. general purpose message format.



o] main command®] E}$Je] Move© |, sub command
<= I(joint), JB (joint blend), L (linear), LB (linear
blend), PB (point blend), JL. (joint with linear input),
IPTL (interpolation) 5-2] sub command&- 7} 4= ¢}
t} 12]3 Data o] 2=l typed} tlo]E] Ho]2=
7} 2718 5 glom), types FEAL] FAIL A

= 9t} Data o] 2=l AA FAx3k S5, 59
FEo] E3ksEck

Move "7 Wb 25.0] Z1EZ k= main com-
mand-E 0x04 (main command®l] 3+ ACK)E *3}3}
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Bl Flo|E=dle 28 52 F (0x00), 53 $ks
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WA Al Rhort Fo) o AES uhav) 2

o] H.xx = = b
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sl
Main command  Sub command data Reserved (CRC)
‘ 0x04 ‘ 1 byte N - bytes 1 byte
O\OO Move I 0x00 |[absolute
0x01 _|[Move JB 0x01 _|[variable N - bytes
0x02 |[Move L 0x02_|relative S
0x03 _|[Move LB (constant) 0x03 _|[User coordinate
0x04 |[Move LB (intended)
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0x06 || Move JL
0x07 _|[Move IPTL (constant
0x08 |[Move IPTL (intended)
2 12, Move W31 17 #AA] &4
Fig. 12. Message format for a move command.
Main command Sub command data Reserved (CRC)
‘ 0x9D ‘ 1 byte N - bytes 1 byte

\—> Send coordinate values from

Control box to Teaching pendant

a2 13, A=l WA A
Fig. 13. Status message format.
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Fig. 14. Chicken cooking process (movement sequence of
robot arm).
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Fig. 15. Chicken cooking program.

25 1404 AREE nle} 2ro] 478e] x| oA}
WML, BHI FHsshe ARk 471 25l 1719]
g2 Adgste] m3e] 2k4lS 2| A3ke} 19 16 (a)
< 24 53l g 3, )= 1 SR, (o« =2
g X71E vl s 3 ()= A FAsks 24
of th3h A eolek. A %ell4] Grippers E2HA171=
+3d2 D.Out (digital out) 7S Z§sle] T3}

250 AEF vk FAlsE] Aol 27 AW ollE

™

Process 1 Start

d

Pracess 2 Start
Move L(PO, P21) Move LiPD, P21)

v

Hos e

#o|elE F&ste] £ =itollA] AR e HHE o
o] Hlo|e| & A& FAleh=A] Flghcl 24 A
B AHE S Fehs I ZREF HAES
flate] A A=AtelA] FSE AR ST A
ofZe]Ale|AdellA AEgt dHolels #Asle] oW
Type®] w=dole} dlo|e7} =al=A] 3 sto] Hof
Tk 39 175 B3 MRE el 27 Auel] A<
g5 27 87 ZRaAE T I T A
= HZE slolorkzE F3te] AR ot (a) =
Move Linear 7ol ¥ o, 4 a3} |7l F30|ck
main command, sub command type, data, ¥ reserved
Hle| B2 AdEo] glek dlofEle] Y-8 float Hlo|E]
How Adun, 5o olF &k, 7S, xyz IR,
yaw, roll, pitch, 22] 37 37)] ¥del T3l 3hL- E3la}
L 9t} (b)= Move Linear "33 23to] S=3§31 F
o] ACKE 3Alsh= FZle A Zlolch Al WA
Hle] 2] 0x01- 53to] A or shaw eS¢
vlghe} 2 =telld] AARE A7) o] R o]9]e] Kt
2 TCP Z2EZ9| ¥y AR S|t}

oz

W

Process 4 Start
Process 3 Start

Move L(PO, P41)
Move L(FO, P31)
Move L(P41, P42}

) Gripper_Close(){Do_set{PORT_O,
Gripper_Close(}{Do_set(PORT_O, LOW)Do_set(PORT_1, LOW)Do_set{PORT 2,
LOW)Do_set(PORT_L, LOW)Do_set(PORT_2, HIGH)

Move L(P31, P32
Gripper_Close(}{Do_set{PORT_0,

Gripper_Close(}{Do_set(PORT_O, LOW)Do_set(PORT_1, LOW)Do_set({PORT_2,
LOW|Do_set(PORT_1, LOW)Do_set(PCRT_2, HIGH)}

HIGH)}
¢ ¢
¢

Wait(DI_PORTO, LOW)
Move LB(P22, P21, P31)

¢

Move L(P31, P32)

Wait(DI_PORTC, LOW)

HIGH]}
Wait(DI_PORTO, LOW)

Move L8(P42, P41, P11}
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v
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¥

Move LB{P32, P31, PO}

v
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Process 2 Finish

(@) (b)

a3 16. A7 x2] Al Hig $AH %
Fig. 16. Flowchart for chicken cooking process.
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| Main Command Type ‘

Sub Command Type
- F—

v Data (6@ bytes) 02 20 20\ T2 32 73 40 @0 8 P
Data: 640200000 <° 38 23 99 SWSgs 2F <7 17 40 OF 3
[Length: 6@] 2

Data type is Float (4 bytes)

90 20 41 00 00 20 /1 0o
@@ @ 41 00 00 20 42 ee
90 8c 42 00 00 a0 <2 00

TypelAbsolute) |

'y

()

Main Command Type
Sub Command Type

Reserved

22 20 00 00 45 0@ @8 2c 32 77 48 %ii J
€@ a8 23 95 c@ a8 23 95 1f 4@ 2f c7 13
@f dl 74 e3 5@ 18 27 9 7d 69 ee ee [ ] F [

Data @t
(OxO12 TUZE 219))

(b)

g 17. dlele] 54 735+ (a) Move Linear #|7l %
(b) ACK 7l

Fig. 17. Verification of data transmission and reception:
(a) Move Linear packet and (b) ACK packet.
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T2l 18, AEE vk~ (ASUS J6412T-IM-A)
Fig. 18. Control box (ASUS J6412T-IM-A).

22 19. Yol Sl Sele 23
Fig. 19. A robot that receives commands and operates.
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Fig. 20. Verification of collision status and UL
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