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THONGYOT SRIPHENG : DESIGN AND PROTOTYPING ROBOT WITH
CABLE-DRIVEN ROBOT SIZE 20*60 M. THESIS ADVISOR : ASST.

PROF. SORADA KHAENGKARN, Ph.D., 98 PP.

FOUR CABLE-DRIVEN ROBOT/INVERSE KINEMEATICS/RS485 PROTOCAL/

ARDUINO MEGA2560 PRO

The objective of this research is to develop the design, build and control of
cable-driven robot size 20*60 m. The Cable-Driven Robot is not very large., Can do
high speed., Has a large working area and can be used for a wide range of
applications in the working area of the robot, By changing only the end-effector to
meet the needs of each job. But today is not widely known. Due to the mechanism of
operation that is still complex. With such problems and benefits. This research
therefore designed a cable-driven robot size 20*60 m. The cable-driven robot is a
type of parallel manipulator in which flexible cables are used as actuators. The end of
each cable is reeled around a rotor twisted by a motor, and the other end is connected
to the end-effector. This research was done using 4 cables, with an area of 20*60 m.
The research was divided into 4 steps., Analyze kinematics, Design of winch, Design
of Controller and Develop program of controller. As a result of this research, cable-
driven robot size 20*60 m was able to move. By operating through the remote control

and can load 20 kg.
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A Yo A 1 A o o 4 9 ] =y [ 1
e Tiini@enTusunsuenunsasulonuianyeses 1da tazutsumsnlasunasnuman
v W = Y A 1 ] ﬁ}tﬂ' [ 4 J A 4
wniann Faldangnwennsegnielditon lvvesdygrouanasevldnrs auduawisaain
Y
Tvan weuns tazas192993vun 1910
g 9 o . o a oA o o .
- Tisunsuilgwanves Arduino IDE 5995052 DU1H1TAN59191U18 Windows

I 4 '
Linux , Macintosh OSX 52184 Android U193 unennsaouaeiion Tusunsy 1@
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- figduuumdsiaeaems 1dau uaamnsorh ld1Faues q dlianududeula
' Y
wazdaausoadiemdauas Library i o vuanldanldies
= a gﬂ o Y o [y 1 A a 9

- imsalawenees veruasi i eansesi ldWwaiunaeseamiudn laniuauy

Y
NIRRT Hardware ti0¢ Software

I 4 o <3 I @
Arduino (HuvesalulnsnouInsaes lasld AVR vura@nuidudidseuiana
o [ o L 1
pagdau muznumst ldldszgnd lunisaiugu INPUT uag OUTPUT @ 9 1duinuie
Y I A J a = A A 1 1 o P o 1
nuilunmsireuas lugduuudaszifeanieninFonaosunuglniaiousnai0619
[ 4 a I'4 4 1 ] [y 1 a 4

1B 1ATRIADNNIADS PC 1HI0MIIFOUABLLY Digital 11AZIUL Analog IFUMISUAIINAING

o @ 1 J
#3091nT8ATIVV (Sensor) HDVAN 9 5IUDINIAIVAUYLUTBILIY OUTPUT

31N 2.8 Arduino Mega 2560 Pro

~ S o . ) 9y =2
M3fToUMeVN TNV Arduino 1aslun 18109 Arduino 921501171 C++ il u
= S A 9 o Y A v =
sUuuTsunsumdlszgna Nl Tnseadavesdamu TaslndReanunun¥TNIAI§Iu
v Y
ANSI-C waglaimsisudyegdunulunmsi@ouTdsunsuusdruiaaionlion ANSI-C
< 4 ] §
andes e l¥lunmsaannugiornlumsdiouTdsunsy Tashawnsadouldsunsula
X 4 X ' = ~ AR A
NBVULAZALAINNINGITUNNINIVIUNBITUUDUIATFIY ANSI-C Tagnsa0181% §a3n1u
P a ' @ Y A ' Y A ' A
laufseunazlianueousrlumsldau milonnms ldaumiionnnzou g
1 A = o ’q ¥ 4 P [ % 9
nanfe mud awsni lddszgndldauluszuvasaninianuuanaianula
' @ o . o s s A
wa1nvate Taeg Igtieauadonlgaaulsdide (C-Compiler) Idasenuszuuesauas aldau

1 =~ A < a o ' AAa Aq ¥ '
aauiﬂll‘ﬂ'ﬂﬂ'ﬁl"uﬂuﬂ'ﬁlf’uﬂuﬂglﬂuu’lﬁiﬂ’lulﬂﬂjﬂu ngﬂlmﬂﬂ1H1%%M§ﬂllﬂﬂ“ﬂ%§ﬂuﬂﬂ

U

=9 o

9 A ' = X G . . . !
ualideirualumsldanuwse Syntax ua liliWensud 15931 (Built-in Function)1a 9 59u0g

o 1 { g x 1 1 o Aa { o
Tudamuiaie Tagamnduiansunsleanuaie g @wunsauiun15neInY Input/Output
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' o . I {
1139044 UI8AIUTT (Memory  Allocation) 11 U1 N Y036 15Nz A0IAT 19U UL 1D
H A, ] { a o o v . .
WioluunnsszdedldismsGenlddandui duaadautladids (C-Compiler) ¥aldada
o & . . o & sd X ) A Ao
w3on 13 luguuud1da Library Function Tesidansewenduilouiuaanyiildnim
=1 [ ;’i 9 (X)) 1T @ o W [ Y 9 tg
Hanuuana1e auuensg 1suon lidiaenou Tnudmdanargiu oulvudldaseau
o w . 2 X g s
dsumalionTdsunsy Arduino Uuagldniw e+ Fuilugdnuundlsegna
nuunilae Hlaseaensiiauvesianiulagswegadenua I Fu1As 31U ANSI-C
eauaiinisdsudgaludiuniugeernlndesas imedinisoldg ldawisoldaunas
=2 P ds! ' =
@ouTisunsuldaevudzaInn A FULNIATFIY
] J A 1 1 ad a d
lumsaeginsaiidiuais q Ao ldnuainisnaei99soiannseindannieuen
v A oY A s Y
uduFeNAIT NN /O YBIVDTA lA
3 4 @ [ ) o
Arduino Mega 2560 Pro Wuvesa Mega2560 @]UL?\EJ’Jﬂ‘]J';:H?JW@Sﬁ”IuVI’Jll‘]J NITON
[ 1 v I~ Y 1 L]
Traa Iaaldnumiiounuynedis uadoutnaTiianas imu1zAUNTAAYUIANGDIIIIT HAGS

=\

Y
Hanuansomuay Jguauia vireanuiwvay 256 KB usy 8 KB 14 1vlides 789 12 v

LLiQﬁHﬂlﬂﬁz‘U’U@gjﬁ 5V Digital Input/ Output 54 %1 (which 15 provide PWM output) 1l
Analog Input 16 91 Serial UART 4 @ 1381 11/511n 5511 Arduino IDE H1u USB mangdm5ug
A o P Y 4 . A ] o [ [

e luTasaouInsames NA09N15 VoA Arduino NHMHIEANUT Az VIFYRIBAI 9

Taolduldedravainviae

gﬂﬁ 2.9 PIN INPUT-OUTPUT 9493 MEGA 2560 PRO ATmega2560



ccEERFENR
cgo EEEEEEEE
s g
s, p,32538838388888888 853
<] s ooz e R EEEE b =
s & PEERPEREEEREEEREEERGS 2 8 2
[ee] [58] [57] [se] [25] [o4] [53] [e2] [7] [°9] [ee] (e8] [67] [e] [63] B4 [23] [82] 8] [0 [7] [78] [77] [76]
012 3|4 56 7|8 9101112131415 222324
(OCO0B) PGS I_ JTAG 2575 PA3(aD3)
(RXDOPCINTS) PEO 26 [74] Pa4aD4)
(TXDO) PE1 27 [73] PAS (ADS)
(CKO/AINO) PE2 72] PAS (ADS)
o Blue = Analog Pins 287 Pasa
(OC3A/AINT) PE3 29 [71] Pa7 (aDT)
(OC3B/INT4) PE4 70| PG2 (ALE)
Green = GPI/O PWM pins 30/
(OCAC/INTS) PES [69] Pue(PCINTIS
(T3VINTS) PES " " [8] Pus(PCINT14
Red = GPI/O Digital Pins
(CLKO/ICP3INT?) PE7 E PJ4 (PCINT13)
vee [8] Pua(PCINTIZ)
GND Black = Communication [65] Puz (xcKaPCINTI1)
(RXD2) PHO TX3/14 [64] PJ1 (TXD3PCINT10)
(TXD2) PH1 RX3/15(83] PJo(RXDAPCINTO)
(XCK2) PH2 [f2] anD
(OC4A) PH3 [61] vee
(0c4B) PHS 30[80 Poriars
(0C4C) PHS 31[59] Pceiale
(OC2B) PHE 32[58 Pcsatz)
(ES/PCINTO) PBO 33[57] Peaarz)
(SCK/PCINT1) PB1 34 [5§] Pc3a1n
(MOSIPCINT2) PB2 51 35[55] Pczat0)
(MISO/PCINTS) PE3 5 % 36 (54 Pci1ia9)
(OC2A/PCINT4) PB4 = 53| PCO(A8)
) . = Crystal SR 37 (_
(OC1APCINTS) PBS % 16Mhz/8Mhz D8 X x 40 [52] Pa1(RD)
(OC1B/PCINTE) PBS w | . D D= 41[51] PGo (WR)
13 o 49 48 47 46 4544 43 42 2120 19 18 38
23 e 2 s i = s e S a2 i i s ) N RS K R e
e oo oe Q9 84 =95 9 < q 5 = 8o ° w
B E3f822F22ddiddsBcERERBE
=5 |8 “ksos@zzag EEmBELTEEE
g=38" §8 =883 EEEEBEEE
S 8 == e e o A== =3
o =2 3 & & &
2 22 g E
] <
3
=

i

2.10 MUHMUNDSAVDI Arduino ATmega2560

ms19h 2.1 puavtiavesluTasneuInsames Arduino ATmega2560

13

Microcontroller

ATmega2560

Serial to USB Converter

Operating Voltage

Input Voltage (recommended)

Input Voltage (limits)
Digital I/O Pins

Analog Input Pins

DC Current per 1/0 Pin
DC Current for 3.3V Pin
Flash Memory

SRAM

EEPROM

Clock Speed

CH340
5V
7-12V

6-20V

54 (of which 15 provide PWM output)

16 Port
40 mA
50 mA
256 KB
8 KB

4 KBytes

16 MHz
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= d
2.5 Slunlasneulnsatae’ (Remote Controller)
=) [ A A =
lulnsaeuinsataessIuanouinsa (9nqy: remote contro) ABIATOIND
ad a Jd A & 9 o [ o a A a Jd A A [ J
siannseindyiianily IFdmsuaugumsaniumsvesdlscAngHiomsoatnIag 9
4 ] (9 d 4 4 1
Tagmmznsoe 1 IWihaeluthueu Tnsimd wieudes wseuauaia nnszeslna Tag
[l I @ U Y 1 I ]
lildeneldludlvumamungiio naglituilentuais 5 TuanouInsa flumsiSondou
a s a & ~ ' Y A A
110 3 TuanouInsaiaes (remote controller) dNABMI LAz AIMITRITENGOA IADNIMADINEY

o

= F2 A A =)
5 Tua unu 1é wsesniuguszes Inavseginsainiuansze: Ina 5 Tunaeu Insavzaunso

o %

o O @ @ I o
dauld deailsznoudie 2 Aeiife 51 nazdadsdyaal 1. 51d (Code) Huszuudaya o

o F) A o A o v 1o . v v o A A o
wihoen ladeslidanauniioon i 2. srasdana(Carrier) A5 Ud YY1 1NDDOANS DT U

o9

v A 1 9 S
sWangnaunleniuguailniaia 9

2.51 3)uN RadioLink AT9-S

51U

2.11 7Mg1AY RadioLink AT9S

v a

g’/ 4 a 4 1 14 a 14
- 1 laMaaT ety 1nTeeseu sad 15mes 18anedines 120 degree and 90 degree
swashplate

- 5V DSSS spread spectrum AnNuiadosvesdyaiagann 13na
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a 3 A o o 9 <L 9
ﬁﬂq%@!ﬂUﬁﬂuﬁNﬂﬁﬁﬂQTNq@  HHUI1DUVUIA 2.8 UITTUD 2.4G. Gl“lf firmware V

= Y A B . . v A o v
HISUVVUIUADURQ ULV Vibration alarm mmmimmauuazﬁu"lﬂ

J o

152V Telemetry a1m13080 R0 5 UT0yan1e 9 vuATesdunnszez Inald

' o o= <3 s Y a
L“D’Lll!'i\iﬂullil\l VBDULUANDTT, ANNLIITOUNBINDT, GPS ‘uuwmﬁ)qu

gj v A A = A A c;y/ Y
awsnAIIAINRenaIIisuAs UIleATUNAINAY 1
a [ 9 = = . 9 [ = 3 A gﬂ
ngiu 1R 7.4v. 89 1.8V, § Anti-reverse Hloanumsidouniaina’
19599 USB @115 update 1o1aA1ANNINANAALILY online 18

3
sroza uUNUYIENIA 900 AT VUeIMALsTaNM 1.5 0 la

Features : Reciver RadioLink AT9S

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)

15)

Size: 183*193*100 mm

Weight: 0.88 kg

Frequency: 2.4 GHz ISM band (2400 MHz to 2485 MHz)

Modulation mode: QPSK

Channel bandwidth: 5.0 MHz

Spread spectrum: DSSS

Adjacent channel rejection: > 38 dbm

Transmitter power: <100 mW(PCB testing), < 20 dbm (3 meter air testing)
Operating Current: < 105 mA

Operating Voltage: 7.4~15V

Control distance: more than 900 meters ground, 1.5 kms air

Channel: 9 channels, 5~9 channels are customizable

Simulator model: under the simulator model the transmitter action turn off
Screen: 2.8 inches 16 colorful screen, 240*320 pixels

Compatible model: Include all 120 degree and 90 degree swashplate

N

d
2.6 YAVUNOINDT (Driver Motor)

) [ 1 14 A a4 Y A o Y o 1 2 =
FMIUYUIUA (Robot) ﬁ\iwlﬂuwaQMULﬂaﬂuﬁaﬂiﬁﬂUﬂaqﬂ@1Q €] ADUBIADT B
Y

s % % % . A A Y o A
llE]m'ﬁ]i@E]Qﬂ13ﬂ15ﬂﬁl'1_lllﬂllﬁl1ﬂ°]qfﬂl1ﬂiﬂﬂ5“@!@@5 (Motor Driver) !W@V]ﬂgiﬁwaﬂxﬂu NN

J

[
=1

o a < J
MUUA NANNNITHYU AUTITOUVDIYANDIADT
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2.6.1 naaInUINIa BLDC Motor 34 BLDC-750W-48V
nandneu INTa BLDC Motor U BLDC-750W-48V HunassnouInsadmiu
AouTNsanIAD3 Brushless DC vu1a 48 V 750 W I ldny iaraauemessouga, tiaias

s @ > @
UBIEBDIINYT LIS aUUBINDT

311 2.12 naesneu Insa BLDC Motor 31 BLDC-750W-48V
2.6.2  Tuga ADS1115 12C ADC

Tm;]a ADSI1115 12C ADC 4 Channel 16-Bit with Programmable Gain Amplifier

Module Analog to Digital 12C dvisusuuazulasdyanaewiasniluaineannuaziden 16-

bit F9UAUTE 12C nfasuneaasaouaenu lagege 4 Tugaludaded Tinesluga 2 D

d o Y o < 1 . ) o o

5 Thad mvualisnauuendly 4 ¥8901 Single-Endedinput thingd sy luTasaeuInsames

#1i1 ADC (Raspberry Pi) #30@09013 ADC A214AZIB0AFIUU (Arduino 10-bit ADC) H3o1Tlu
2 oL Differential Input

Tilﬂa ADS1115 I2C ADC 4 Channel 16-Bit with Programmable Gain Amplifier

Module Analog to Digital 12C dhvisusuuazilasdyanaewasniluaineannuaziden 16-

bit Feur U 12C asuneansdisouaonu lagega 4 Tugaludaded Tinesluga 2 da

Jd o Y o < ' . o o 4

5 Thad mvualdsnauuendly 4 ¥89U1 Single-Endedinput tiingd sy luIasneuInsaaes

#1117 ADC (Raspberry Pi) #30@04113 ADC ANAZIDEATIUU (Arduino 10-bit ADC) H3oiTlu

2 09UV Differential Input
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3511 2.13 Tuga ADS1115 12C ADC 4 Channel 16-Bit

AMaNLA

- WIDE SUPPLY RANGE: 2.0V to 5.5V

- LOW CURRENT CONSUMPTION: Continuous Mode: Only 150A Single-Shot
Mode : Auto Shut-Down

- PROGRAMMABLE DATA RATE: 8SPS to 860SPS

- INTERNAL LOW-DRIFT VOLTAGE REFERENCE

- INTERNAL OSCILLATOR

- INTERNAL PGA

- I2C INTERFACE: Pin-Selectable Addresses

- FOUR SINGLE-ENDED OR TWO DIFFERENTIAL INPUTS

- PROGRAMMABLE COMPARATOR

- This board/chip uses 12C 7-bit addresses between 0x48-0x4B, selectable with

jumpers.

d a d
2.7 womeslalad 1Nys 750W 48V BLDC
4 I a [P=) 1 k) 9y s
Yooy BLDC Wuwstia Brushless DC LLTJ']JUliJiJLUJiQﬂ'IH ATUNUUNUUDIADT UINYT
v A J k) 1 A v A o
NATDULUUFUINYT %ﬂiﬂﬂlﬂﬂﬂﬂi%lﬂm 1:5 hlﬂiﬁ]‘].lﬂi%ﬂ'lm 500 5OUADUIN AUTDUNDLADT
o ¥ a A A A 9 o A 9 1Y ' 4 @
MAYaQUIUIN UATUITVIIANNIOUIDUAINITOU amwmimmllﬂummmamm DC Tlﬁhlﬂ

o

Y o 7 a v a ¥ o o 2 o A s
ATHNAIUDLINDT U ﬂﬁlligll'lflﬂ'g'lﬂiﬂuﬁﬂﬁ\iﬂ’]ﬁ’lﬁﬂgﬂﬂﬂmﬂlﬁﬂi NITVUIAADUNUDIND T
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J 1 v <3
4919193 BLDC (Brushless DC) %%ﬁﬂammu'ﬂﬂuﬂ”lsmguﬂ@uimaammmmaﬂ S-N Q@

v W v o ' o o Y 7 3 9 Y 9
HagHaNNU ﬁa‘Uﬂu]’lﬂﬁlullﬁﬁgﬁijg ‘Vnch’illﬂlﬂ@ﬁﬁﬂu!ﬁ?“ﬁ’ﬂﬂ@'ﬂu@ﬂﬂﬂ’]ﬁ

517 2.14 wewosaad Ae3 750W 48V BLDC

U

WA

AMaNUA

Maiaa: 750w

- useaulvl DC 48y
- NILUAGIgAFull Load: < 19.0A
- aszua bl Tvan: <3A
- W095A:2.56 N.m
- dasufeina : 61
- szansaim : > 80%
< =1 1 =1
- anuaseu (W vaa): Uiz 2700 seuauN
< L= 1 ~
- anuEaseu (uiiTraa): dszua 2900 souaui
- nafesudavzryuasalszana 450 sou/nd

- Uniin 5.6kg

2.8 Modbus Protocol
4 g & 4
MIADATAIVNINTFIU Modbus  1THunilaluyiasgiunisaeaisuuvoynsu
(Serial Communications protocol) N1¥91usdunInateluszudaluifgaa1nssy
4 4 1 g1 ]
(Industrial Automation Systems : TAS) Lﬁ’é]ﬁ%l%iﬂTiL%’t]iJIEJ\i"’lgl}’é]N"aixﬁﬁNqﬂﬂ‘imﬁN ) L¥U

4 o @
gUnsalnIUANNLOATF (Programmable Logic Controllers : PLC) %30 Arduino gn3iainsavia
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s A o Y ' o .

(Sensor) Qﬂﬂimlﬂiﬂﬂﬂa qﬂﬂimﬂlmﬁ (Actuator) nuleaITIIATze lna (Remote Terminal
. = a S Y d
Unit : RTU) 3900932 0UANNIADS N 1T IUMIAIuANLasHaaIdnI1uzy03glniaiaig o
(Supervisory control and Data acquisition : SCADA)
o é‘ ~ a o . @ A . .
Modbus gL 1ud a.¢e. 1979 Tagu31HN Modicon (1199111478 Schneider Electric)
<3 ~ Y o 1 9 A ' ]
AuTns Inaeangnlsnuediannevilunugaamnssniioannanudielunislenuas
= VoA A o z:sll A ! Y3 A
anuuurede lutgiulimsdemsamwisondslailu 2 s2U0A0 Modbus RTU @z
v [ v Y
Modbus TCP Taganuuana19egn Ins Inasanisded1snly Tun13idetigatels Modbus
RTU (RS-485)
2.8.1 RS-485

RS485 (‘c’iﬁ)iﬂiﬂﬂ:Recommended Standard no. 485) ﬁ@u1ﬁ‘ig1‘1ﬂlﬂﬁ§fflﬁﬁ
9 an . 2 | = o dg! Z’, =
VOYAAINDALUVVDUNTY (serial communication) mgnmwumummmiuﬂ f.7. 1998 lag
ANUIINIBUDI TIA (Telecommunications Industry Association) (8¢ EIA (Electronic Industries
Association) #1935 RS485 gnldegraunsnalelulssnugaamnisy lesaindunsnds
o Y] 1 9 (% 9
doygald Inavazdiansodanion o nuldvaiega

a 9 gl,: A @ 9 o o Y 1
UnAuad EIA  92@9%0N10351UU09A2109 1Aaen13 15A 111111171 "RS"
VA 4 I 1 1 ]
(Recommended Standard) 1atHo991nM1aT 31U UANNINTDTLNIN 2 HUIWU AD TIA
g’/ [} ~ o 1 < ] I
1ag EIA Naa991ienudianadt)asuaindian "RS" 1w "TIA/EIA" unuee1uilun1anis
4 VoA [ @ [ < a 4

DT YDINAININUBIINTTIUOO1TAIY Tasaeu1n1e EIA lden@nuiasgiuiiuag

Y @ ]

Az ' A = 9 o Y
1A RS485 U Iagnitamuiegaoiiiesaudalogiiulas TIA /i ldunasgiu Rs485 gn
A A g 1 < 1 9 a o ya < @
nasurelu "TIA-485" e udun1Ims uagamamsizaNumeruiliimninilanda

1 Y
FonIATTIUMIAOATHI RS485 Mo LAl
HaNNIININUUDI RS485
I Ao L} A a 1 A
WIATTIU RS485 1unas g1 u/aeveyaluununizendn Half duplex Ao
o T 9 YA 1 1 g}; 1 o g’; 1 = o 9 Y
a5y uazasdoyalanazedramnin liawisaimsdesedldlunanderny sz ld
3 < Y a 4 { v o ¥ o @ o
WALAUHUNINNAIAGE ) anpazveINgdoaIsNAoInesadunuYaTiazAse dmSunss/
9
1 aa Y ! ' < o
dedeyaninoauuy RS485 1 szdetoyalagldae liiiswn 2 1idufe A uaz B Judaven
9
' v Aaa J @ 1 o <3| (5
AsfanInoa (Digital code) Taeldnnuuanaisvossin Inihszninen A uaz B @uduen
1IATFIU RS48S enunsniouaomssudsdoyanuuns o1y (Network) Tagll
o A v = o X a a3 Y A ¢ 1w oy A
gilnsailunsevielagegaa 32 61 aalunsevienn wwdeliginsaieg 1 42 ey
v a A A 1 = = Jd o dyl d 1 A A
1AAIMIA0as AT HU31925ngUnTalAI1IN Master uazgilnsalaiunmaesiy

3011 Slave 1AgT Slave UAAZA19EUNUNAY Address YDIAND UAZILOAD Master A0INT
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) J @ 1 o v @ L4 %
@In13619 Slave i Master 92 @AM TINTOUTZYHUIBIY Address 11/63g1In3al Slave na7
A 02 Yo o & o & & a v o i =

Luﬂqﬂﬂim Slave "lﬂ'i‘ummuazmmummmmaﬂl Address ATINUAIDN Q‘]Jﬂiﬂ! Slave DN

o o < o w
MUAITI09 Master 1 udiav 'l

Query(request)

| ) ¥
Response

sU 2.15 msFomsuuUeynINAIY RS-485 11150 Modbus RTU

'
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Driven Robot 4118 2060 a3 11 lilauuazszgnd ldau Tuduaisldawanudeants
9 9 ] 1 A 1 ad o a é =S 9 [ [
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3.2 MSINUUUVYUADUNITIVY
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AIInEal - TIUTIUVD YA

v 9y
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4.2.1.1 waMINAaay

M5197 4.1 HaNMsNATOU Motor Pa A

Motor A
PW TP DOWN
LAB1 LAB2 LAB3 AVG LAB1 LAB2 LAB3 AVG

0.0 0 0 0 0 o} 0 0 0
0.5 ] 0 0 0 (0} 0 o] 0
1.0 0 0 0 0 0 0 o] 0

1.5 3281 3269 3514 111.822 3520 3543 3699 119.578
2.0 8470 7818 8182 271.889 6926 8481 8243 262.778
2.5 13840 13546 13364 452.778 13402 12977 13248 440.3

3 17270 17203 17494 577.411 17203 17384 17482 578.544
3.5 17906 18449 18180 605.944 18861 19038 19250 634.989

- 0 0 0 0 o} 0 0 0
4.5 0 0 0 0 (0} 0 0o 0
5.0 0 0 0 0 0 0 0 0

M5197 4.2 HaNINAaEU Motor %9 B

Motor B
PW TP DOWN
LAB1 LAB2 LAB3 AVG LAB1 LAB2 LAB3 AVG

0.0 0 0 0 0 0 0 0 0
0.5 0 0 0 0 0 0 0 0
1.0 0 0 0 0 0 0 0 0
1.5 3698 3545 3658 121.122 3401 3398 3530 114.767
2.0 6126 6418 6256 208.889 7009 7038 6860 232.3
2.5 8342 7947 8410 274.433 8054 8579 8719 281.689

3 7445 7130 7418 244.367 7712 7543 7279 250.378
3.5 7367 6869 6711 232.744 5778 6536 6263 206.411

+ 0 0 0 0 0 0 0 0
4.5 0 0 0 0 0 (o} 0 0
5.0 0 0 0 0 0 0 0 0
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Motor C
PW TP DOWN
LAB1 LAB2 LAB3 AVG LAB1 LAB2 LAB3 AVG
0.0 0 o 0 o 0 o 0
0.5 0 0 0 0 0 0 0 0
1.0 0o o o o o o 0 0
1.5 3739 3757 3888 126.489 3848 3818 4371 133.744
2.0 9125 8420 9149 296.6 8534 8819 8325 285.311
2.5 14456 13612 14060 468.089 13449 14033 13927 460.1
3 11513 11243 10175 365.9 8688 10744 10432 331.822
3.5 7111 6270 7995 23¥.511 6427 6525 6889 220.456
4 0 o 0 o 0 o 0 (0]
4.5 0o 0 0 0 0 0 0 0
5.0 0o o 0 0 0] o 0 0
M9 4.4 AONITNATOU Motor YA D
Motor D
PW TP DOWN
LAB1 LAB2 LAB3 AVG LAB1 LAB2 LAB3 AVG
0.0 0 0 0 0 0 0 0 0}
0.5 0] (o] 0] 0 0 0o 0 0
1.0 0 (0] 0 0 0 0 0 o
1.5 3715 3614 3161 116.556 3700 3554 3709 121.811
2.0 7743 8030 8460 269.256 7782 8361 8542 274.278
2.5 14101 13765 13393 458.433 13580 13187 13582 448.322
3 18055 17757 18157 599.656 17206 17453 17400 578.433
3.5 19233 18717 19419 637.433 18554 18894 19022 627.444
+ 0 0 0o o 0o 0] o o
4.5 0] 0o 0] 0o 0] (o) 0o 0
5.0 0 0 0 0 0 0 0] o]
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sui 4.2 nswnaaeulLY Forward

MOTOR TEST BACKWARD
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4.2.2 naaeauYa Control

Vce
signal pin-2
pin-1 \

GND
pin-3

51U 4.4 4A Adiolink-at9s-10ch

[

MNMIreNA093 79317 4.8 TuarnvesmasvdyauazyanIuAN (Arduino)

ARDUINO

RC RECEIVER
GND
5V >

BAT
CH6
CH5
CH4
CH3
CH2
CH1

A2 >
A1
AD

= 0000446
rmb LA L646488T
= b L5664 48 8

SIGN.

B
~

gﬂﬁ 4.5 ¥ouAo Arduino N Receiver
(-) Wwouso Arduino GND nuviyaluin) GND ¥01n50951
(+) 1¥0uAD Arduino V + NUnYATUIDY V + UDUATOITY

( Signal ) Medayaaveuniossy dimsulloulw Arduino lddsniuas 11
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0NN

#include <EnableInterrupt.h> #define SERIAL_PORT_SPEED 57600
#define RC_NUM_CHANNELS 4 #define RC_CH1 o #define RC_CH2 1
#define RC_CH3 2 #define RC_CH4 3 #define RC_CH1_INPUT A@
#tdefine RC_CH2_INPUT Al #tdefine RC_CH3_INPUT A2
#tdefine RC_CH4_INPUT A3
uint16_t rc_values[RC_NUM_CHANNELS]; uint32_t rc_start[RC_NUM_CHANNELS];
volatile uint16_t rc_shared[RC_NUM_CHANNELST;
void rc_read_values() { noInterrupts(); memcpy(rc_values, (const void *)
rc_shared, sizeof(rc_shared)); interrupts(); }
void calc_input(uint8_t channel, uint8_t input_pin) {

if (digitalRead(input_pin) == HIGH) {

rc_start[channel] = micros(); 7} else {
uintl6_t rc_compare = (uintl6_t)(micros() - rc_start[channel]);

rc_shared[channel] = rc_compare; }}
void calc_chi1() { calc_input(RC_CH1, RC_CH1_INPUT); }
void calc_ch2() { calc_input(RC_CH2, RC_CH2_INPUT); }
void calc_ch3() { calc_input(RC_CH3, RC_CH3_INPUT); }
void calc_ch4() { calc_input(RC_CH4, RC_CH4_INPUT); }
void setup() { Serial.begin(SERIAL_PORT_SPEED);

pinMode (RC_CH1_INPUT, INPUT); pinMode(RC_CH2 INPUT, INPUT);

pinMode(RC_CH3_INPUT, INPUT); pinMode(RC_CH4 INPUT, INPUT);
enableInterrupt(RC_CH1_INPUT, calc_chl, CHANGE);
enableInterrupt(RC_CH2_INPUT, calc_ch2, CHANGE);
enableInterrupt(RC_CH3 INPUT, calc_ch3, CHANGE);
enableInterrupt(RC_CH4 INPUT, calc_ch4, CHANGE);}
void loop() { rc_read values(); Serial.print("CH1:");
Serial.print(rc_values[RC_CH1]); Serial.print("\t"); Serial.print("CH2:");
Serial.print(rc values[RC CH21); Serial.print("\t"); Serial.print("CH3:");

51U 4.6 NATOVTVAIAY Interrupt



4.2.3 NAABINIFUAIDIN Remote

+5V
v
= 5 .
gi]"ﬂ 4.7 3993 Arduino & Receiver

COM4 (Arduino Uno) - O X

FI Envoyer ‘
Channel 1: 1196 Channel 2: 1500 Channel 3: 1756 Channel 4: 1500 ~
Channel 1: 1196 Channel 2: 1500 Channel 3: 1756 Channel 4: 1500

Channel 1: 1196 Channel 2: 1500 Channel 3: 1756 Channel 4: 1500

Channel 1: 1196 Channel 2: 1500 Channel 3: 1756 Channel 4: 1500

Channel 1: 1196 Channel 2: 1500 Channel 3: 1756 Channel 4: 1500

Channel 1: 1196 Channel 2: 1500 Channel 3: 1756 Channel 4: 1500

Channel 1: 1196 Channel 2: 1500 Channel 3: 1756 Channel 4: 1500

Channel 1: 1192 Channel 2: 1496 Channel 3: 1752 Channel 4: 1500

Channel 1: 1196 Channel 2: 1500 Channel 3: 1756 Channel 4:.,1500

Channel 1: 1196 Channel 2: 1500 Channel 3: 1752 Channel 4: 1496

Channel 1: 1182 Channel 2: 1500 Channel 3: 1756 Channel 4: 1500

Channel 1: 1196 Channel 2: 1500 Channel-3: 1756 Channel 4: 1500

Channel 1: 1196 Channel 2: 1500 Channel 3: 1752 Channel 4: 1496

Channel 1: 1192 Channel 2: 1500 Channel 3: 1756 Channel 4: 1500

Channel 1: 1196 Channel 2: 1500 Channel 3: 1756 Channel 4: 1500

Channel 1: 1192 Channel 2: 1496 Channel 3: 1752 Channel 4: 1500

Channel 1: 1196 Channel 2: 1500 Channel 3: 1756 Channel 4: 1500

Channel 1: 1192 Channel 2: 1500 Channel 3: 1756 Channel 4: 1500

Channel 1: 1188 Channel 2: 1500 Channel 3: 1752 Channel 4: 1496

Channel 1: 1184 Channel 2: 1500 Channel 3: 1756 Channel 4: 1500

Channel 1: 1192 Channel 2: 1500 Channel 3: 1756 Channel 4: 1496

Channel 1: 1192 Channel 2: 1496 Channel 3: 1752 Channel 4: 1500

Channel 1: 1192 Channel 2: 1500 Channel 3: 1756 Channel 4: 1500

Channel 1: 1192 Channel 2: 1500 Channel 3: 1756 Channel 4: 1500

Channel 1: 1192 Channel 2: 1500 Channel 3: 1756 Channel 4: 1500

Channel 1: 1192 Channel 2: 1500 Channel 3: 1756 Channel 4: 1500

Channel 1: 1192 v
Défilement automatique |Pas de fin de ligne /9600 baud |

U
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pulseln (pin, value ,timeout)

TagN  pin o AINDADUNANABINITOIUA
A a A 1 1 9 v L:'dy 1 A a
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VouttHICV]
3

2[5] 0.1 .2 [ 191 [ 0.5
d‘ U d’ 1]
sUN 4.10 dyaauiiar1149995 RC Low Pass
a d 'Q.I
4231  anzdnnsuanla
[ d' [ 9 Y é 1
sdvvudygransulaiudnvuzyos PWM  Hdon191n Pulse

Width Modulation 1@ PPM 8911910 Pulse Position Modulation PWM Humadian1dlunis

dedoyaluginuuvesnnuniednes (Puse) Nuanaisnueonldlunaazsosdaynio

(Channel)

Sampling times

Analog

P Sy

(a) Analog Signal

| | | I ! | -

(b) Corresponding PWM Signal

SaENNERIIHER

| | | |
|

!
(¢) Corresponding PPM Signal

gﬂﬁ 4.11 Signal Analysis
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STOP

Frea<1>=490.2Hz Frea<2>=961.5Hz

CH1l= 2.88U NI 2 .06V Time 2.000ms U0 .00008s

gﬂﬁ 4.12 Signal from Oscillposcope PWM

4232  naaeudgulsunsugu LED
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Y H
- MINAaeItaINgn AIUANADIUS LED 910 PWM ﬁﬁ‘U!,Gﬁl'liJflﬁjﬂ'mﬂﬁﬂﬂﬂﬂulm

A o Ay
9% Channel !,WEJqu)’e]ﬂll‘ﬂﬂT]JﬂiJ Output NABDINTT

Tsunsudieenanlylunmsana Pulse 91nHASY

Y4

[3431131R]at}

o o

int chi,ch2,c

int count=0;

void setup()
pinMode (5,
pinMode (6,
pinMode (7,
Serial.begi

}
void loop() {

h3;

{
INPUT);

INPUT);
INPUT);
n(9600);

chl = pulseIn(5, HIGH, 25000);
ch2 = pulseIn(6, HIGH, 25000);
ch3 = pulseIn(7, HIGH, 25000);
Serial.print("No. ");
Serial.print(count);
Serial.print(" Channel 1 : ");
Serial.print(chl);
Serial.print(" Channel 2 : ");

Serial.prin

t(ch2);

Serial.print(" Channel 3 : ");
Serial.print(ch3);
Serial.println();

count++;

51U9 4.14 1150n5UDI1UAIN Remote
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int chi;
int ch2;
int ch3;
int count = 9;
void setup() {
pinMode (5, INPUT);
pinMode(6, INPUT);
pinMode(7, INPUT);
Serial.begin(9600);
}
void loop() {
chl = pulseIn(5, HIGH, 25000);
ch2 = pulseIn(6, HIGH, 25000);
ch3 = pulseIn(7, HIGH, 25000);
if(ch1>1000){
Serial.println("Left Switch: Engaged");
}
if(ch1<1000){
Serial.println("Left Switch:Disengaged");
}
Serial.print("Right Stick X:");
Serial.println(map(ch3, 1000, 2000, -500,500));
Serial.print("Right Stick Y:");
Serial.println(map(ch2, 1000,2000,-500,500));
Serial.println();

511 4.15 Tlsunsunaaseldaiu Data NFVIF11910 Remote
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ETTRS845to USB

Slave ID 23
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Computer Monitoring Slave ID 24

3 U 4.16 Diagram Communication test
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43 NATOUNISINAOUIIIVIHUEUA

FC Control

Actuators? Cable2

=0

End-effector

\\‘-,:
=
Master Controller

=
!

Remote Control Slave Controllerd

g‘ﬂﬁ 4.19 Diagram Communication Controller Test
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?6.2,23.4
5 pu; (6.2,23.4)
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5191 4.5 wansnagey

0 szazfiFany (un9) indouiinia (un3) ARaIAIAEeH (n3)
A A(0, 25) A(0.5,23.8) (0.5, 1.2)

B B(5, 25) B(6.2, 6.23.4) (1.2, 1.6)

C C(5, -22) C(4.3,-20) 0.7,2)
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Slave Control

#define Pin_DIR Al
#define Pin BRK A0

#define Port ID1 24
#define Port 1D2 26
#define Port 1D3 28
#define Port_1D4 30
#define Port_ID5 25
#define Port ID6 27
#define Port_ID7 29
#define Port IDS§ 31

#define Port Swl 46
#define Port Sw2 44
#define Port Sw3 42
#define Port Sw4 40

#define Port LED1 43
#define Port LED2 41
#define Port LED3 39
#define Port LED4 37
#define Port LEDS5 35
#define Port LED6 33

#define Port UpDIN 23
#define Port UpCLK 8
#define Port UpEN 10
#define Port DWDIN 22
#define Port DWCLK 4
#define Port DWEN 6

#define Pin APWM 3
#define Pin_ AIN1 5
#define Pin_ AIN2 7

#define Pin_EncoderA 18 //INT3 > PD3 >> 18 (interrupt 5),
#define Pin_EncoderB 19 //INT2 > PD2 >> 19 (interrupt 4),
#define Pin_EncoderZ 38 // TO

suf v msilszmadualslumsaiugu




#define Port UpDIN 23
#define Port UpCLK 8
#define Port UpEN 10
#define Port DWDIN 22
#define Port DWCLK 4

#define Port DWEN 6

#define Pin APWM 3
#define Pin_ AIN1 5

#define Pin_ AIN2 7

#define Pin_EncoderA 18 //INT3 > PD3 >> 18 (interrupt 5),
#define Pin_EncoderB 19 // INT2 > PD2 >> 19 (interrupt 4),

#define Pin_EncoderZ 38 // TO

#define RS485 Ctrl 14
#define RS485 RxPin 17

#define RS485 TxPin 16

sun v.2 mstsgmadanlslumsaiugu (ve)
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void Port_Initial(void) {
pinMode(Port_ID1, INPUT PULLUP);
pinMode(Port_ID2, INPUT PULLUP);
pinMode(Port_ID3, INPUT PULLUP);
pinMode(Port_ID4, INPUT PULLUP);
pinMode(Port_ID5, INPUT PULLUP);
pinMode(Port_ID6, INPUT PULLUP);
pinMode(Port ID7, INPUT PULLUP);

pinMode(Port ID8, INPUT PULLUP);

pinMode(Port Sw1, INPUT PULLUP);
pinMode(Port Sw2, INPUT PULLUP);
pinMode(Port_Sw3, INPUT PULLUP);

pinMode(Port Sw4, INPUT PULLUP);

pinMode(Port LED1, OUTPUT);
pinMode(Port LED2, OUTPUT);
pinMode(Port LED3, OUTPUT);
pinMode(Port LED4, OUTPUT);
pinMode(Port LED5, OUTPUT);

pinMode(Port_ LED6, OUTPUT);

pinMode(Pin_EncoderA, INPUT);
pinMode(Pin_EncoderB, INPUT);

pinMode(Pin_EncoderZ, INPUT);

pinMode(Pin APWM, OUTPUT); pinMode(RS485 Ctrl, OUTPUT);
pinMode(Pin_AIN1, OUTPUT); pinMode(Pin_DIR, OUTPUT);
pinMode(Pin_ AIN2, OUTPUT); pinMode(Pin BRK, OUTPUT);

51 v.3 WaRdusely ID Slave
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void RS485 TxMode(void) {
digitalWrite(RS485_ Ctrl, HIGH); // 0 = Rx
delay(50);

H

void RS485 RxMode(void) {
digitalWrite(RS485 Ctrl, LOW); // 0 =Rx
delay(50);

H

51N v.4 WarFudoars RS485

int Read_myID(void) {

int xAddress = 0;

xAddress = xAddress * 2 + digitalRead(Port_ID1);
xAddress = xAddress * 2 + digitalRead(Port 1D2);
xAddress = xAddress * 2 + digitalRead(Port_1D3);
xAddress = xAddress * 2 + digitalRead(Port _ID4);
xAddress = xAddress * 2 + digitalRead(Port_ID5);
xAddress = xAddress * 2 + digitalRead(Port_ID6);
xAddress = xAddress * 2 + digitalRead(Port ID7);
xAddress = xAddress * 2 + digitalRead(Port_IDS);
return xAddress ” 0xff;

51 v.5 WarFuszay ID Slave
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void ModeDisplay(void) {
int Temp = abs(RunSpeed);
modeDisp.setRow(0, 7, 0B10000001);
modeDisp.setRow(0, 6, 0);
modeDisp.setDigit(0, 5, my ID / 16, false);
modeDisp.setDigit(0, 4, my_ID % 16, true);
modeDisp.setDigit(0, 0, Temp % 10, false); Temp /= 10;
modeDisp.setDigit(0, 1, Temp % 10, false); Temp /= 10;
modeDisp.setDigit(0, 2, Temp % 10, false);}

H LY o .
sUN v.6 WanduLans Mode M3¥1191U1U90 Display 7 segment

void nRunCountDisplay(void) {

long int Temp = nNowCounter;
nCOuntDisp.setRow(0, 7, 0);
if (Temp <0) {

Temp = Temp * -1;

nCOuntDisp.setRow(0, 7, 1); }
nCOuntDisp.setDigit(0, 0, Temp % 10, false); Temp /= 10;
nCOuntDisp.setDigit(0, 1, Temp % 10, false); Temp /= 10;
nCOuntDisp.setDigit(0, 2, Temp % 10, false); Temp /= 10;
nCOuntDisp.setDigit(0, 3, Temp % 10, false); Temp /= 10;
nCOuntDisp.setDigit(0, 4, Temp % 10, false); Temp /= 10;
nCOuntDisp.setDigit(0, 5, Temp % 10, false); Temp /= 10;
nCOuntDisp.setDigit(0, 6, Temp % 10, false);}

H d v [J ' o . 1
sUf v.6 Wanduueaas @uria M3NNUVUIL Display 7 segment (419)
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void Save NVRAM(void) {
long int Temp = nNowCounter;
byte TT = Temp % 100; Temp = Temp / 100;
byte UU = Temp % 100; Temp = Temp / 100;
byte SS = Temp % 100; Temp = Temp / 100;
byte XX = Temp % 100;
Wire.beginTransmission(DS1307_12C_ADDRESS);
Wire.write(10); // Start Address Save
Wire.write(XX); // set X
Wire.write(SS); // set S
Wire.write(UU); // set U
Wire.write(TT); // set T
Wire.end Transmission(); }

511 4.7 andu Save a1 EEPROM

void Read NVRAM(void) {
Wire.beginTransmission(DS1307 12C_ADDRESS));
Wire.write(10); // Start Address Save
Wire.endTransmission();
Wire.requestFrom(DS1307 12C_ADDRESS, 4);
byte XX = Wire.read(); // read X
byte SS = Wire.read(); // read S
byte UU = Wire.read(); // read U
byte TT = Wire.read(); // read T
nNowCounter = XX * 1000000 + SS * 10000 + UU * 100 + TT;
Serial.print("Read =");
Serial.println(nNowCounter);
Serial.print(" >>"); Serial.print(XX);
Serial.print("-"); Serial.print(SS);
Serial.print("-"); Serial.print(UU);
Serial.print("-"); Serial.println(TT);

511 4.8 WanFu Read EEPROM
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void DC_MotorControl(void) {
if (RunDirection ==2) {
digitalWrite(Pin_ BRK, LOW);
digitalWrite(Pin_DIR, LOW);
if (counter > map(RunSpeed, 0, 500, 0, 3000))
counter=counter-50;
dac.setVoltage(counter, false);
}
if (RunDirection ==0) {
digitalWrite(Pin BRK, HIGH);
digital Write(Pin_DIR, HIGH);
if (counter < map(RunSpeed, 0, 500, 0, 3000))
counter=counter+50;
dac.setVoltage(counter, false);

if (RunDirection == 1) {
digital Write(Pin_ BRK, HIGH);
digitalWrite(Pin_DIR, LOW);
if (counter < map(RunSpeed, 0, 500, 0, 3000))
counter=counter+50;

dac.setVoltage(counter, false);

! do &
31U v.9 Mandu 99914 Motor
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void direction_run() {

if (RunDirection == 1) {
directionCount = +1;
modeDisp.setRow(0, 3, B10011100);
digital Write(Pin_DIR, LOW);
digital Write(Port LED5, LOW);
digitalWrite(Port LED6, HIGH);

}

if (RunDirection == 0) {
directionCount = -1;
modeDisp.setRow(0, 3, B11100010);
digitalWrite(Pin_DIR, HIGH);
digitalWrite(Port LED5, HIGH);
digital Write(Port LED6, LOW);

digitalWrite(Port LED4, HIGH);
digitalWrite(Pin BRK, HIGH);

}

if (RunDirection == 1) {
digitalWrite(Pin BRK, HIGH);
digital Write(Pin_DIR, LOW);
if (counter < map(RunSpeed, 0, 500, 0, 3000))

gﬂﬁ V.10 ﬁﬂf{ﬂ?u 1% Forward or Backward




void setup() {

Port_Initial(); dac.begin(0x60);
digitalWrite(Pin_ BRK, LOW);

Serial.begin(115200); Serial2.begin(9600);
delay(1000);

Serial.println("1/3 DS1307 Connecting ......... ");

Wire.begin();

setDS1307time(1, 2, 3,4, 11, 12, 18); //SS,;MM,HH,Dy,Dt,Mt,Yr
Start DS1307(); // Start DS1307-RTC

Read NVRAM(); // nNowCounter
Serial.println("2/3 Display ......... ");

modeDisp.shutdown(0, false);
modeDisp.setIntensity(0, 6);
modeDisp.clearDisplay(0);
nCOuntDisp.shutdown(0, false);
nCOuntDisp.setIntensity(0, 6);
nCOuntDisp.clearDisplay(0);
my_ID = Read myID();
RunDirection = 2;

ModeDisplay();

nRunCountDisplay();

attachInterrupt(5, EncoderCount, RISING);
Serial.println("3/3 Ready ......... ");

RS485 RxMode();
directionCount = +1;}

digitalWrite(Port LED4, HIGH);
digitalWrite(Pin_BRK, HIGH);

}
if (RunDirection == 1) {
digitalWrite(Pin BRK, HIGH);
digitalWrite(Pin_DIR, LOW);
if (counter < map(RunSpeed, 0, 500, 0, 3000))
counter=counter+50;
dac.setVoltage(counter, false);

! <o <o
U .11 Wandu Setup Arduino THiFenilansuldam
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void loop() {
if (Serial.available()) {
for (int i = 0; i < nBuffer; i++)
ArrDataCMDVi] = ArrDataCMD[i + 1];
ArrDataCMD[nBuffer] = Serial.read();
if (ArrDataCMD[nBuffer] == '?") Help();
if (ArrDataCMD[nBuffer] == '+') {up(10);Clear RxBuff();}
if (ArrDataCMD[nBuffer] == '-') {down(10);Clear RxBuff();}
if (ArrDataCMD[nBuffer] == 'w") {
RunSpeed = 200; start = 1;
Clear RxBuff();
}
if (ArrDataCMD[nBuffer] =="'q") {
start = 1;
DC MotorControl();
ModeDisplay();
RunSpeed = 0;
counter = 0;
directionCount = +1;
Clear RxBuff();
¥

}
if (Serial2.available()) {

for (int i = 0; i < nBuffer; i++)
ArrDataCMDIi] = ArrDataCMD[i + 1]; }}
ArrDataCMD[nBuffer] = Serial2.read();
}
digitalWrite(Port LED4, HIGH);
digitalWrite(Pin BRK, HIGH);

}
if (RunDirection == 1) {
digitalWrite(Pin BRK, HIGH);
digitalWrite(Pin_DIR, LOW);
if (counter < map(RunSpeed, 0, 500, 0, 3000))
counter=counter+50;
dac.setVoltage(counter, false);

Y Jd o o Ao 2
U .12 Wandu Loop Arduino 19Eenlandunivharug 4
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if (Serial2.available()) {
for (int i = 0; i < nBuffer; i++)
ArrDataCMDVi] = ArrDataCMDJi + 1];
ArrDataCMD[nBuffer] = Serial2.read();
}
if (ArrDataCMD[nBuffer] == 0xD) {
ArrDataCMD[nBuffer] = 0;
cmd_Reboot();
cmd_Liset();
cmd_AStop();
cmd_Start();
cmd LMove();
cmd_ERead();
cmd CMove();
cmd_PMove();
cmd SHome();
cmd GHome();
ModeDisplay();
nTargetDisplay();
digitalWrite(Port LEDI, SrlBeat);
SriBeat = !SrlBeat;

H Y Jd o { o H '
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if (nNowCounter == nTargetCounter) {
RunDirection = 2;
start = 0;
DC_MotorControl();
ModeDisplay();
RunSpeed = 0;
counter = 0;
directionCount = +1;
H
if (digitalRead(Port_Sw1) == LOW) {
nTargetCounter--;
RunSpeed = 200;
nTargetDisplay();
}
if (digitalRead(Port_ Sw2) == LOW) {
nTargetCounter++;
RunSpeed = 200;
nTargetDisplay();
H
if (digitalRead(Port Sw3) == LOW) start = 1;
if (digitalRead(Port Sw4) == LOW) start = 0;
if (loopCnt > 40000)
{
digitalWrite(Port LED2, HeartBeat);
if (RunDirection == 2)
ModeDisplay();
else
nTargetDisplay();
nRunCountDisplay();
HeartBeat = !HeartBeat;
loopCnt = 0;
}
loopCnt++;
nRunCountDisplay();

}

Y Jd o . 9 Jo A o 3 1
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void up(int xxx) {
nTargetCounter = nNowCounter + xxx;
RunSpeed = 200;
nTargetDisplay();
start = 1;
H
void down(int xxx) {
nTargetCounter = nNowCounter - xxx;
RunSpeed = 200;
nTargetDisplay();
start = 1;
}
I R
void EncoderCount() {
cli(); //stop interrupts happening before we read pin values
nNowCounter = nNowCounter + directionCount;
sei(); //restart interrupts
b
void softwareReboot() {
wdt_enable(WDTO_15MS);
while (1) {}
}

d v Jd o i o H v
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Master Control

#define Pin DIR Al

#define Pin BRK A0

#define Port ID1 24
#define Port ID2 26
#define Port ID3 28
#define Port 1D4 30
#define Port ID5 25
#define Port ID6 27
#define Port ID7 29

#define Port IDS 31

#define Port Swl 46
#define Port Sw2 44
#define Port Sw3 42

#define Port Sw4 40

#define Port LED1 43
#define Port LED2 41
#define Port LED3 39
#define Port LED4 37
#define Port LEDS 35
#define Port LED6 33
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#define Port UpDIN 23
#define Port UpCLK 8
#define Port UpEN 10
#define Port DwDIN 22
#define Port DwWCLK 4

#define Port DWEN 6

#define Pin APWM 3
#define Pin AIN1 5

#define Pin AIN2 7

#define Pin_EncoderA 18 //INT3 > PD3 >> 18 (interrupt 5),
#define Pin_EncoderB 19 //INT2 >PD2 >> 19 (interrupt 4),

#define Pin_EncoderZ 38 // TO

#define RS485 Ctrl 14
#define RS485 TxPin 16

#define RS485 RxPin 17

sUn v.17 maksgmedaunils Tumsaiugu
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#include " portAssign.c"

#include "LedControl.h"

#include "Wire.h"

#define DS1307 12C_ADDRESS 0x68

#include <Adafruit MCP4725.h>

uint32_t counter;

Adafruit MCP4725 dac;

float ccounter = 0;

#define PMove "PMove" // PMove +ID 255 99999999<Cr>
#define CMove "CMove" // CMove +ID 255<Cr>

#define LMove "LMove" // LMove ID 255 99999999<Cr>
#define GHome "GHome" // GHome ID 255<Cr>

#define SHome "SHome" // SHome ID<Cr>

#define ERead "ERead" // ERead ID<Cr>

#define AStop "AStop" // AStop<Cr>

#define Start "Start" // Start<Cr>

#define nBuffer 23

int t3 =0;

float k=0, kt1 =0, kt2 = 0, xx, xx1;

float val = 0;
float amplitude = 3000;
float angle = 0;

const float pi = 3.14159265;

LedControl modeDisp = LedControl(Port UpDIN, Port UpCLK, Port UpEN, 1);

LedControl nCOuntDisp = LedControl(Port DwDIN, Port DwCLK, Port DWEN, 1);

5UM v.18 M3dszmasautlsuazEonldilensu
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int counterx = 0;

volatile long int nNowCounter = 0;

volatile int directionCount = 0;

long int nTargetCounter, nRunStep;

int RunDirection = 0, my_ID, Ctrl ID = 0, RunSpeed = 0;

char ArrDataCMD[nBuffer + 1];

bool HeartBeat, SrlBeat;

unsigned int loopCnt;

4 Y] = d o
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void Save NVRAM(void) {
long int Temp = nNowCounter;
byte TT = Temp % 100; Temp = Temp / 100;
byte UU = Temp % 100; Temp = Temp / 100;
byte SS = Temp % 100; Temp = Temp / 100;
byte XX = Temp % 100;
Wire.beginTransmission(DS1307 _12C_ ADDRESS);
Wire.write(10); // Start Address Save
Wire.write(XX); // set X
Wire.write(SS); // set S
Wire.write(UU); // set U
Wire.write(TT); // set T

Wire.endTransmission();

51/ 420 WaniFu Save NVRAM
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void Read NVRAM(void) {
Wire.beginTransmission(DS1307 12C_ADDRESS);
Wire.write(10); // Start Address Save
Wire.end Transmission();
Wire.requestFrom(DS1307 12C_ADDRESS, 4);
byte XX = Wire.read(); // read X
byte SS = Wire.read(); // read S
byte UU = Wire.read(); // read U

byte TT = Wire.read(); // read T

nNowCounter = XX * 1000000 + SS * 10000 + UU * 100 + TT;

Serial.print("Read = ");
Serial.println(nNowCounter);
Serial.print(" >>"); Serial.print(XX);
Serial.print("-"); Serial.print(SS);
Serial.print("-"); Serial.print(UU);

Serial.print("-"); Serial.printIn(TT);

i .21 WanHu Read NVRAM

void Start DS1307(void) {
Wire.beginTransmission(DS1307_12C_ADDRESS);
Wire.write(7); // set next input to start at the seconds register
Wire.write(0xff); // set data

Wire.endTransmission();

31t 422 ari#u Start_DS1307
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void readDS1307time(byte *SS, byte *MM, byte *HH, byte *Dy, byte *Dt, byte *Mt,
byte *Yr) {
Wire.beginTransmission(DS1307 12C_ADDRESS);
Wire.write(0);
Wire.endTransmission();
Wire.requestFrom(DS1307 12C_ADDRESS, 7);
*SS = bedToDec(Wire.read() & 0x7f); // read seconds
*MM = bedToDec(Wire.read()); // read minutes
*HH = bedToDec(Wire.read() & 0x3f); // read hours
*Dy = bedToDec(Wire.read()); // read day of week (1=Sunday, 7=Saturday)
*Dt = bedToDec(Wire.read()); // read date (1 to 31)
*Mt = bcdToDec(Wire.read()); // read month
*Yr = bcedToDec(Wire.read()); // read year (0 to 99)
H
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void printDateTime(void) {
char datestring[20];
byte SS, MM, HH, Dy, Dt, Mt, Yr;
readDS1307time(&SS, &MM, &HH, &Dy, &Dt, &Mt, &Yr);
snprintf P(datestring, countof(datestring),
PSTR("%02u/%02u/%04u %02u:%02u:%02u"),
Dt, Mt, 2000 + Yr, HH, MM, SS);
Serial.printIn(datestring);

}

H -
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void displayTime() {

byte second, minute, hour, dayOfWeek, dayOfMonth, month, year;

readDS1307time(&second, &minute, &hour, &dayOfWeek, &dayOfMonth, &month,

&year);
Serial.print(hour, DEC);
Serial.print(":");
if (minute < 10)  Serial.print("0");
Serial.print(minute, DEC);
if (second < 10)
Serial.print(second, DEC);
Serial.print(dayOfMonth, DEC);
Serial.print(month, DEC);
Serial.print(year, DEC);
switch (dayOfWeek) {

case 1:

Serial.print("Sunday"); break;
case 2:

Serial.print("Monday"); break;
case 3:

Serial.print("Tuesday"); break;
case 4:
Serial.print("Wednesday");  break;
case 5:
Serial.print("Thursday"); break;
case 6:
Serial.print("Friday"); break;
case 7:
Serial.print("Saturday"); break;
} } Serial.println(); }
H
Serial.println();

}

Serial.print(":");
Serial.print("0");
Serial.print(" ");
Serial.print("/");
Serial.print("/");
Serial.print(" Day of week: ");

g‘ﬂ‘ﬁ .25 Wanau displayTime
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void Port_Initial(void) {

pinMode(Port ID1, INPUT PULLUP);
pinMode(Port_ID2, INPUT PULLUP);
pinMode(Port ID3, INPUT PULLUP);
pinMode(Port_ID4, INPUT PULLUP);
pinMode(Port_ID5, INPUT PULLUP);
pinMode(Port ID6, INPUT PULLUP);
pinMode(Port ID7, INPUT PULLUP);
pinMode(Port_ID8, INPUT PULLUP);
pinMode(Port Sw1, INPUT PULLUP);
pinMode(Port_Sw2, INPUT PULLUP);
pinMode(Port_ Sw3, INPUT _PULLUP);
pinMode(Port Sw4, INPUT PULLUP);

pinMode(Port LED1, OUTPUT);
pinMode(Port LED2, OUTPUT);
pinMode(Port LED3, OUTPUT);
pinMode(Port LED4, OUTPUT);
pinMode(Port LED5, OUTPUT);
pinMode(Port LED6, OUTPUT);
pinMode(Pin_EncoderA, INPUT);
pinMode(Pin_EncoderB, INPUT);
pinMode(Pin_EncoderZ, INPUT);
pinMode(Pin APWM, OUTPUT);
pinMode(Pin_ AIN1, OUTPUT);
pinMode(Pin_AIN2, OUTPUT);
pinMode(RS485 Ctrl, OUTPUT);
pinMode(Pin_DIR, OUTPUT);
pinMode(Pin_BRK, OUTPUT);
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void RS485 TxMode(void)

{ digitalWrite(RS485_Ctrl, HIGH); // 0 =Rx
delay(50);

H

void RS485 RxMode(void)
{ delay(50);

digitalWrite(RS485 Ctrl, LOW); // 0=Rx
H
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int Read_myID(void) {

int xAddress = 0;

xAddress = xAddress * 2 + digitalRead(Port_ID1);
xAddress = xAddress * 2 + digitalRead(Port_ID2);
xAddress = xAddress * 2 + digitalRead(Port _ID3);
xAddress = xAddress * 2 + digitalRead(Port_1D4);
xAddress = xAddress * 2 + digitalRead(Port_ID5);
xAddress = xAddress * 2 + digitalRead(Port 1D6);
xAddress = xAddress * 2 + digitalRead(Port_ID7);
xAddress = xAddress * 2 + digitalRead(Port_IDS);

return xAddress * 0xff;

511 v.28 sTanu RS485_TxMode 11az Read_myID
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void cmd_LMove(void) {// LMove ID 255 99999999<Cr>
if IS_Command(LMove) !=0) {

Serial.println("cmd_LMove"); int j = IS_Command(LMove);

Ctrl_ID = (ArrDataCMDJ[j + 6] - '0") * 16;

Ctrl ID = Ctrl_ID + (ArrDataCMD[j + 7] - '0");

bool bStatus = (Ctrl_ID ==my ID);

bStatus = bStatus && (ArrDataCMD[j + 5] =="");

bStatus = bStatus && (ArrDataCMDJ[j + 8] =="'");

bStatus = bStatus && (ArrDataCMD[j + 12] =="'");

if (bStatus == true) {
RunSpeed = ArrDataCMDI[j + 9] - '0';
RunSpeed = RunSpeed * 10 + ArrDataCMDI[j + 10] - '0';
RunSpeed = RunSpeed * 10 + ArrDataCMD[j + 11] - '0';
nRunStep = ArrDataCMD[j + 13] - '0";
nRunStep = nRunStep * 10 + ArrDataCMD[j + 14] - '0";
nRunStep = nRunStep * 10 + ArrDataCMD[j + 15] - '0";
nRunStep = nRunStep * 10 + ArrDataCMDIj + 16] - '0';
nRunStep = nRunStep * 10 + ArrDataCMDI[j + 17] - '0;
nRunStep = nRunStep * 10 + ArrDataCMDIj + 18] - '0';
nRunStep = nRunStep * 10 + ArrDataCMDI[j + 19] - '0';
nRunStep = nRunStep * 10 + ArrDataCMDIj + 20] - '0';
nTargetCounter = nRunStep;
if (MNowCounter == nRunStep) RunDirection = 0;
if (MNowCounter > nRunStep) RunDirection = 10;
if (MNowCounter < nRunStep) RunDirection = 01;

}
Display RxBuff(j); Clear RxBuff();
H
H
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void cmd ERead(void) {//=== ERead ID<Cr> ===
if IS_Command(ERead) !=0) {

'

}

Serial.printIn("cmd_ERead");
int j =IS_Command(ERead);
Ctrl_ID = (ArrDataCMDJ[j + 6] - '0") * 16;
Ctrl_ID = Ctrl ID + (ArrDataCMD[j + 7] - '0");
bool bStatus = (Ctrl_ID == my_ID);
bStatus = bStatus && (ArrDataCMD][j + 5] =="");
if (bStatus == true) {
Read NVRAM();
Serial.print("Enc.Read = ");
Serial.print(nNowCounter);
Serial.print(",");
if (RunDirection < 10) Serial.print("0");
Serial.println(RunDirection);
RS485 TxMode();
Serial2.print("$");
Serial2.print(my ID, HEX);
Serial2.print(":");
Serial2.print(nNowCounter);
Serial2.print(":");
if (RunDirection < 10) Serial2.print("0");
else Serial2.print(RunDirection);
Serial2.print(":");Serial2.print(1);
Serial2.print(":");Serial2.print(2);
Serial2.print(":");  Serial2.println(3);
RS485 RxMode();
} Display_RxBuff(j); Clear RxBuff();
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//===SHome ID<CR> ===
void cmd SHome(void) {
if IS_Command(SHome) != 0) {
Serial.println("cmd _SHome");
int j =IS_Command(SHome);
Ctrl_ID = (ArrDataCMDI[j + 6] - '0") * 16;
Ctrl ID = Ctrl_ID + (ArrDataCMD[j + 7] - '0");
bool bStatus = (Ctrl_ID ==my ID);
bStatus = bStatus && (ArrDataCMD[j + 5] =="");
if (bStatus == true) {
nRunStep = 0;
nNowCounter = 0;
nTargetCounter = 0;
Save NVRAM();
}
Display RxBuff{(j);
Clear RxBuff();

51/ v.31 War5u SHome

void emd_Start(void) {
if IS_Command(Start) != 0)
{ DC_MotorControl();
Save NVRAMO();
Serial.println("cmd_Start");

Clear RxBuff();
3
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void cmd_AStop(void) {
if IS_Command(AStop) !=0) {

RunDirection = 0;
dac.setVoltage(0, false);
Save NVRAMO();
Serial.println("cmd_AStop");
Clear RxBuff();
//while(1);

gﬂﬁ .33 Warau cmd_AStop

int IS_Command(String searchString) {
int result = 0;
for (int i = 0; i < nBuffer; i++) {
bool bCheck = true;
bCheck = bCheck && (searchString[0] == ArrDataCMDIi]);
bCheck = bCheck && (searchString[1] == ArrDataCMDIi + 1]);
bCheck = bCheck && (searchString[2] == ArrDataCMDVi + 2]);
bCheck = bCheck && (searchString[3] == ArrDataCMD]i + 3]);
bCheck = bCheck && (searchString[4] == ArrDataCMD]i + 4]);
if (bCheck == true) {
result = i;
i=nBuffer + 5;
}
}
return result;

}

gﬂﬁ .34 Mandu IS _Command
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void Help(void) {

Serial.println(" ");

Serial.println(" ");
Serial.println(" PMove +ID 255 99999999<Cr>");
Serial.println(" CMove +ID 255<Cr>");
Serial.println(" LMove ID 255 99999999<Cr>");
Serial.println(" GHome ID 255<Cr>");
Serial.println(" SHome ID<Cr>");

Serial.println(" ERead ID<Cr>");

Serial.println(" AStop<Cr>");

Serial.println(" Start<Cr>");

Serial.println(" ");

Clear RxBuff();

5/ 0.35 Wardu Help

void cmd_AStop(void) {
if IS_Command(AStop) !=0) {

RunDirection = 0;
dac.setVoltage(0, false);
Save NVRAMO();
Serial.println("cmd_AStop");
Clear RxBuff();
//while(1);

gﬂﬁ .36 Wana cmd_Astop
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void setup() {
Port_Initial();
dac.begin(0x60);
digitalWrite(Pin_ BRK, LOW);
Serial.begin(115200);
Serial2.begin(9600);
Serial.println("1/3 DS1307 Connecting ......... ");
Wire.begin();
setDS1307time(1, 2, 3,4, 11, 12, 18); //SS,MM,HH,Dy,Dt,Mt,Yr
Start DS1307(); // Start DS1307-RTC
Read NVRAM(); // nNowCounter
Serial.println("2/3 Display ......... )
modeDisp.shutdown(0, false);
modeDisp.setIntensity(0, 6);
modeDisp.clearDisplay(0);
nCOuntDisp.shutdown(0, false);
nCOuntDisp.setIntensity(0, 6);
nCOuntDisp.clearDisplay(0);
my_ID = Read_myID();
RunDirection = 0;
DC_MotorControl(),
ModeDisplay();
nRunCountDisplay();
attachInterrupt(5, EncoderCount, RISING);
Serial.println("3/3 Ready ......... ");

RS485 RxMode();

H = Jd o
31 .37 Gonlddandu Setup

86



void loop() {
nRunCountDisplay()
if (Serial.available())

B

{

for (int i = 0; i < nBuffer; i++)

ArrDataCMDVi] = ArrDataCMD[i + 1];

ArrDataCMD[nBuffer] = Serial.read();

if (ArrDataCMD[nBuffer] == '?') Help();

}

if (Serial2.available()) {

for (int i = 0; i < nBuffer; i++)

ArrDataCMDVi] = ArrDataCMD[i + 1];

ArrDataCMD[nBuffer] = Serial2.read();

}

if (ArrDataCMD[nBuffer] == 0xD) {

ArrDataCMD|[nBuffer] = 0;

cmd_AStop();
cmd_Start();
cmd_CMove();
cmd PMove();
cmd LMove();
cmd SHome();
cmd GHome();
cmd ERead();

ModeDisplay();

digitalWrite(Port LEDI1, SriBeat);

SrlBeat = !SrlBeat;

3
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Serial.print("Now > ");

Serial.print(nNowCounter);

Serial.print(" Tar >");

Serial.print(nTargetCounter);

Serial.print(" Dir > ");

Serial.print(RunDirection);

Serial.print(" Spd >");

speed_fade(abs(abs(nTargetCounter) - abs(nNowCounter)));

Serial.println();

if (RunDirection == 10) && (nNowCounter <= nTargetCounter)) {

RunDirection = 0;

Serial.println(nNowCounter);

Serial.println(nTargetCounter);

RunDirection = 0;
digitalWrite(Pin_BRK, LOW);
counter = 0;
dac.setVoltage(ccounter, false);

// directionCount = 0;

Save NVRAM();

Serial.printIn("-Dir, and Over");

517 v.39 Bonldlanduludauves Void loop
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if ((RunDirection == 01) && (nNowCounter >= nTargetCounter)) {
RunDirection = 0;
Serial.printin(nNowCounter);
Serial.println(nTargetCounter); RunDirection = 0;
digitalWrite(Pin BRK, LOW); counter = 0;
dac.setVoltage(ccounter, false);
// directionCount = 0;
Save NVRAM();
Serial.println("+Dir, and Over");
}
if (loopCnt > 40000)
{ digitalWrite(Port LED2, HeartBeat);
if (RunDirection == 0)
ModeDisplay();
else
nTargetDisplay();
nRunCountDisplay();
HeartBeat = !HeartBeat;
loopCnt = 0;
Save NVRAM();
}
if (digitalRead(Port Sw4) == LOW) Go Move();
if (digitalRead(Port Sw1) == LOW) Back Move();
if (digitalRead(Port_ Sw3) == LOW) Sp UP();
if (digitalRead(Port_ Sw2) == LOW) Sp_ DW();
loopCnt++;

//Save NVRAM();

51 .40 Fonldlenduludiuves Void loop
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Abstract - This paper presents the design and control for a cable-driven robotic size 20%60 m.with four cables.The cable-
driven robot isa type of parallel manipulatorin which flexible cables are used as actuators.The end of each cable is reeled
around a rotor twisted by a motor, and the other end is connected to the end-effector. The cable-driven parallelrobot (CDPR)
manipulatorproduces a planar motion, including two translational and one rotationaldegree of freedom. The end-effector of
CDPR motion, controller design, andthe kinematic structure is analyzed, and the inverse kinematicsis formulated in the
closed-form solution.The resultsshowed that theeach cable must have a positive tension and the torque of winch must be

greater than the maximum tension of cable.

Keywords - Inverse Kinematics, Modbus RS485 Protocol, Cable-driven Robot, Processing Software.

L. INTRODUCTION

Cable-driven robots are a type of parallel
manipulators in which flexible cables are used as
actuators. The end of each cable is reeled around a
rotor twisted by a motor, and the other end is
connected to the end-effector.Cables are much lighter
than rigid linkages of a serial or parallel robot, and
very long cables can be used without making the
mechanism massive.The workspace and
controllability of cable robots can be enhanced by
adding cables to the structure of the robot.
Consequently, the workspace analysis and designare
different from those that can be referredto in this
research [1-3].Only a few works are related to planar
[4-7], or spatial cable-driven robot [8-10], or so-
calledtendon driven Stewart platforms [11]. A class
of measuringsystems has been based on the structures
of parallelmanipulators with cables [12,13].

The cable-driven robots can be classified as "fully
constrained” and "undér constrained” based on the
extent to winch end-effector is constrained by the
cable.Inter first-class, the post of the end-effector can
be completely determined as a function of the cable
lengths. In the second class of cable-driven
manipulators, the end-effector’s pose is not
completely determined by the cables' lengths. End-
effector,Determined by the gravitational phenomenon
In this paper, we present the design and prototyping
of a cable-driven robot size 20%60 meter.A prototype
has been built, and tests have experienced the
feasibility of the cable system design and its
operation for planar and spatial tasks.

II. DETAILS EXPERIMENTAL

The cable-driven robot size 20%60 meter has been
conceived atFishing farmin SuranareeUniversity of
Technology. It composed by mechanical structure
and diagram controller as show in Fig. 1.

The overview design and prototype of cable-driven
robot size 20%60 meter. as shows in Fig.2-4.
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Fig.1. A scheme for cable-driven robot size 20*60 M
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Fig.2.Overviewof cable-driven rohot size 20*60 M
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'?

Fig.3.A built prototype of winch for Cable-Driven Robot Size
20%60 M

Fig.4.A built prototype of Cable-Driven Robot Size 20*60 M

2.1 Materials and Procedures

In this paper, we explain a cable-driven robot size
20*60 meter, whose specification are given as in
Table 1. The prototype presented in this work is used
to verify the algorithms such as inverse/forward
kinematics, workspace analysis. Tension

Size of Frame 20mx60mx12m

Speed 1 m/s
Payload 20 kg
DOF 3 DOF

Tablel: Specification of cable-driven robot size 20*60 meter
2.1.1 System Configuration

L E ::: ] - Ir} E
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Fig.5.System configuration of cable-driven robot size 20*60 M

Fig.4 Show the cable-driven robot size 20*60 mater
is composed of a rigid frame, four winches that
control the cable lengths, A master Controller
calculate the length of the cable and send a cable
length to the winch 1-4., an end-effector contains a
fish feeder, as

2.1.2 Design of controller

Use an Arduno MEGA 2560 PRO as a
controller.The controller contains, RTC Module,
rs485 Communication Module, DIF switch for
control slave number, Push button for manual test,
and MAX7219 7 segment display Module for
showcoordinates, as shown in Fig.6.

Fig.. A controller designof cable-driven robot size 20*60 M

2.1.3 Design of Materials

Fig.7.Assembly of the winch

Fing.7 show assembly of the winch, whose basic
concept is same as the winch explained in [14]. A
drum is supported by two bearings, One end is
connected to a gearbox, the other is for measure the
length of the cable with proximity sensor.Powered by
motor brushless dc via gearbox with gear ratio 1:10.

2.1.4Choice of the Motors and Cables

A static analysis has been carried out in order to
properly size actuators and cables of the proposed
manipulator. In particular, two cables are connected
to one point at the end-effector, as shown in the
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simplified scheme of Fig.8, where m is half of the
mass of the end-effector plus the payload.

Fsina

!

mg

Fig.8.A 2D simplified scheme for statics evaluation.

For these conditions, each cable is loaded by a
tension Fwhose direction plane. Thus, one can write
respect to the horizontal plane. Thus, one can write

2Fsina = mg + ma

(1

A maximum required force F..,con be calculated as
in (2) to satisfy the specification in Tablel.

f';-eq - MG +Amax)

25N min (2)
The required torque for the actuator can be calculate
as in (3), considering the drum radius and the gear
reduction.

3)

The maximum acceleration a,,,, and the maximum
payload are assumed to be 1 m/s® and 20 kg,
respectively. The drum radius and gear reduction
ratio are selected to r = 0.15 m and G = 10,
respectively.

In is worth noting that if & becomes 0 the actuation
torque becomes infinite. In fact, the configuration
where tension of horizontal is singular, in which all
the tension of the cables are orthogonal with respect
to the force give by gravity (mg). Assuming &,,;, =
15 degree, we can get F,q = 425 N and 7,4, = 21
Nm.

Thus, for the above-mentioned considerations each
cable should yield a force higher than about 425 N
and each actuator has a nominal torque of about 21
Nm.

2.2 Kinematics

2.2.1 Inverse Kinematics

A kinematic scheme of the cable-driven robot is show
in Fig.9. two reference frames have been considered,

namely Oxy is the fixed reference frame and Ox'y' is
the moving reference frame. Points A;(for i =
1,2,3,4) lie on upper face, which has a square shape
with dimension L, as shown in Figs. 3

According to the proposed scheme, the four cable
lengths have been indicated with /;,(i=1,2,3.4).
Cables are connected to the end-effector through two
attachment points A and B, whose coordinates, with
respect to fixed frame are given by (X, Y,) and
(Xg,Yg). Point G is located on the center of mass of
the end-effector.

The end-effector pose of the planar cable driven robot
is given by the position of point G and 8 angle, which
is the angle between x and x'.

The Inverse Kinematics Problem of the planar cable
driven robot can be formulated as finding the cable
lengths I; as function of the end-effector pose.
Suitable constrains are due to the position of point G,
whose coordinates X; and ¥; must to be within the
limits h=X;<L-h and 0<=Y;<=L; and maximum
value for 8 for a given position of point G, [15]. The
limitation for 8 angle is related to cables. Which can
only pull the end-effector but cannot push it.

The Inverse Kinematics Problem of the planar cable
driven robot can be formulated as

L= ij"'y}
L= (x]+(L-ys)?

L= ((L-x)+¥]

Iy = (L —xg)? + (L —yg)?

)]
A, 6, 6, m
- 5
y X
I B
]
L
A
o I
¥y h
Bl
| A

0=A4A. A
Fig.9.A 2D simplified scheme for statics evaluation.
In which

x4 = Xg +hcos(8 + @)

Y4 = Vg + hsin(@ + m)
Xp = Xg + hcos(8)
Vs = Yg + hsin(8)
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The angular configuration &;of the cables shown in
Fing.9 can be evaluated as

Ya
0, = arctan—
X4

L—-
0, = 2w — arctan 24
A
Ve
03 =7 — t
3=7 arccmL_xB
L—-
8, = + arctan s
s

(6)
2.2.2 Forward Kinematics
Finding the Cartesian position of the end-effector
when joint variable are give is called forward
kinematics. The problem of forward kinematics of
Cable-Driven robot is one of highly complicated
issues and cannot be solved in a closed form It is also
an area of consistent research for parallel robot in
general. In fact, for the general case with 6 degrees of
freedom up to 40 solutions may exist for the forward
kinematic problem [15]. Husty proposed a method
using a univariate polynomial of degree 40 finding all
these solutions [16]. This would be very impractical
to implement. In this research, the cables tension
forces is used as an extra sensory data in the solution

MOTOR TEST BACKWARD

e

)

of forward kinematics. Since only the inverse
kinematics is needed for a position control, the
forward one is not preformed in this wark.

2.3 Communications

The RS-485 is a protocol used for communication.
this research becauseRS-485 supports inexpensive
local networks and multidrop communications links,
And can transmit data over long distances.

III. RESULTS AND DISCUSSION

A prototype of cable-driven robot size20*60M
It has the following Composition.

3.1 Mechanical

Mechanical comprising, Brushless dec motor driving
power. Transmit power for gearblock. To increase
driving torque Drum, The gear block tranmit power
to the drum for make the drum actuator cable, A
proximity sensor is attached for counting drum
rounds.

Fing.10 show speeds and volts(V) testbackward,
forward of motor brushless dc 750W 48V for cable-
driven robot size 2060 M.

MOTOR TEST FORWARD

— A ——ttoirs Mo o

Fig.10. Motor brushless de 750W 48V test

3.2 Controller

Controller comprising master controller and slave
controller., Mastercontroller acts as ;-1 receiver and
calculators then sends I;-I; to slave controller 14,
Slave controller acts as winchl-winch4 control as
master controller sends it.

Fig.11.Serial monitor of master controller and

Fing.11-12 show communications rs485 modbus
protocol test of cable-driven robot size 20%60 M.,
Show master send data to slave and master read data
from slave.

< o

Serial monitor of ETT (Model ush to rsiS5)
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o~

N
Fig.12.Communications of slave controller

3.3 Kinematic

In Cable-driven robot size 20%60 meter, inverse
kinematics makes use of the kinematics equations to
determine the joint parameters that provide a desired
configuration for the robot end-effectors.Determining
the movement of a robot so that its end-effectors
move from an initial configuration to a desired
configuration is known as motion planning.
Fing.11-12 show master controller calculate of length
cable and send datato slave controller

Fig.13. Motor brushless de 750W 48V test

3.4 Prototyping

Test the movement of the cable-driven robot size
20*60 meter by setting the origin pointO(0,0). Test its
with the remote control, enter the x,y coordinates. To
move the cable-driven robot go to position A. When
robot reach the A position, stop measuring the actual
area relative to the usable distance.as shows in
Fig.14.

?(0.1.23.4)

>
€(4.3,20)
00.0) A(05,238)
0.
254.7) %
0125 £(4.85.6)

- = » 5 " s o ’ 0 " » s »

Fig.14.Test the cable-driven robot movement

IV. CONCLUSION

A suitable Kinematics analysis of cable-driven robot
size 20%60 meter. architecture has given the
possibility to conceive low cost easy operation design
of a cable-driven robot size 20%60 meter. Basic
performances have been simulated for design
purposes and they have been experienced in
successful test for validation purposes. But there are
still high movement errors due to the winch design
and the gps end-effector is not yet installed. The
proposed cable-driven robot has been used in fishing
farmat SuranareeUniversity of Technology both for
under constrained and fully constrained application
that have outlined the possibility to extend, and also
can combine with fish feeder end-effecter in the
future, the design concepts for low cost of cable-
driven robot size 2060 meter, That can be used on
the real area.
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