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Know the story of the dead of the parallel port and the born of the SUB port on PC.
Know the main difference using the USB port in COMx: and the HID at high speed.

Why we re-invent the communication protocol and the role of Microchip company.

The use of the slots to transfer data between Windows PC and the Theremino Master.
The hardware functionality of the Theremino Master.

The stepper motor, it use and the big diffusion thanks to Arduino and the 3D printer.
The firmware inside the Theremino Master to simplify the stepper motor management.
The SCARA arm, using the stepper motor.

The language Theremino Automation to easily manage the stepper motor.

The sequence file used by Theremino Automation.
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History of Theremino System & tisrmi

The seed of the theremino system
was put by Bill Gates the day in which Windows

| introduced Windows 95 in 1995 and A fatal exception OE has occured at FOAD:42494C4C
when they connected the scanner to
the PC, the operating system went to * Press any key to terminate the current application.

blue screen. * Press CTRL+ALT+DELETE again to restart your computer.
1-01}"9:1)3,’1’?se any wnsaved information in all applications.

the current application will be terminated.

To see the original video click on the
link.

Press any key to continue

Theremino KRGt Lt
\//J\;mﬁ{}f;sggl’?ﬁfﬁﬁ &% thi—’u

indows , . .
fi Al T3 GE RS PC I, Microsoft

St

https://youtu.be/LFNQOOr9aR8
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History of Theremino System &t

With Windows 95 the USB port

was introduced and in fact the

end of the parallel port was

decreed. eTp——

Up to that date, interfacing the
PC with sensors and actuators
was very simple and intuitive.
An 8-bit read and write bus was
available which could transfer
thousands of bytes per second.

£ Windows 95 H15| A\ | USB = |
i 1, RS IR T Im R4 4G ’ §
CAAE . a4 N1k, PC 51k Faraltel portion computer
JESAR P T 45 B 2| g B

FEM. 8 (kS L] i,

BERD AR AT 75
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History of Theremino System &t

The whole community of PC
interface developers began
studying the new USB 1.0 standard
with enormous difficulties in
interfacing and recognizing the
operating system.

A PC AN Tt
X H 450t 538 1) USB 1.0
PRUE, {BAEHE T RITR ) #
1@%%7‘7 P EI N =N
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Looking into Parallel port socket on PC
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History of Theremino System

With the arrival of Windows
98SE, USB 2.0 also arrived.
Things improved a bit on the
Microsoft side, and it became
common to use the serial port
to communicate with sensors
and adapters.

bt & Windows 98SE [{] £k,
USB2.0tHKk . &R
[H B A Brecs:, 8
AT U 55 A IS TS T
AT ARG R I

&5 thoramilie
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History of Theremino System & tirmi.

The serial port has speed limits and to drive
stepper motors or ADC converters or complex
interfaces it is not enough.

Furthermore, the USB protocol is very
complicated and contradictory information can
be found in the official documentation.

A help to solve these problems comes from
Microchip a chip with the integrated USB2.0
stack in HID mode. The chip is named PIC
24FJ64GB002.

H AT I AR IR, SRSt
ADC ¥ ¥ as 8l 24 14 L 72 NS
Ak, USBEMMAEN 2%, £ J7
TH&@WE%E%E%

i X 8 i) @ — AN BIR B Mic
muﬁ,@uﬁmeﬁﬁT%&T
USB2.0 HEAL . Zith A fim % AIPIC
24F)64GB002 .
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USB enumeration

Microchip obtains the VID and Vendor
Identification and Product Identification (VID)
from the USB organization and has the high-
speed HID communication protocol.

The identification can be used by Microchip
customers after an agreement.

This allows the THEREMINO MASTER to be
recognized immediately by Windows without
installing any specific driver.

Microchip M\ USB HZ{5k43 VID AL N
*T—[//\jﬁ])_& FIFI*T—[//\ VID)’ }JF \ﬁ%@ HID
IAE P

291, Microchip % F 0] DUE FZAR I
X815 Windows 1] LLS7 B A 5
THEREMINO MASTER, 1fij JG 75 BT HE
E IR FE T o

@ thew g:':‘r")i 10

4 e % Ha.. » Devic.. v W Search Dew.., @

File Edit ‘“iew Tools
Add a device Add a printer Remove device = - 0

L

Therernino USB
HID Device o

Therering USE HID Device

Model:  Theremino USE HID Device

I Category: Input device




PIC 24F)64GB002 &5 thsrmiio

Microchip's microcontroller PIC 24FJ64GB002 is a powerful 16-bit MCU with RISK
structure and therefore extremely fast and efficient. Inside, the processing speed in
the USB section runs at a frequency of 98 Mega Hertz. The user manual has 352

pages.

Microchip FRIfH% H1 #8 PIC 24F)64GB002 & —#k IhAETR K 16 /7 MCcU, Ef
RISK 25 #4), [KIMbAES P A=, FEN S, USB &4 B AL B i DL 98 JKiik 2%

HIsnRiziT. HFFMAE 352 T,
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PIC 24F164GB002 $5 14 ’ﬁ,‘la Kaais
The PIC 24F)64GB002 features

@@
16 MIPS performance f{g §
16 x 16 Hardware Multiply, Single Cycle Execution §§ ; -
32-bit x 16-bit Hardware Divider j% % g9
C Compiler Optimized Instruction Set §‘§ g & ; L;i § k:
Internal oscillator support - 31 kHz to 8 MHz, up to 32 MHz with 4X PLL ég "S "5‘ 5 ;; :a:ﬁ
On-chip LDO Voltage Regulator gSF = ;:‘? g %?
JTAG Boundary Scan and Flash Memory Program Support %i g g: g g’f’
Fail-Safe Clock Monitor — allows safe shutdown if clock fails TR g 87
Watchdog Timer with separate RC oscillator s g2 - .f} 2 g f z §§ s
eXtreme Low Power Managed ModesRun, Idle and Sleep modes ;éiii&%é%gﬁi;;
Deep sleep mode for lowest current consumption TREgIQNngeRrew
Multiple, Switchable Clock Modes for Optimum Performance and Power Management " PIC24FJXXGB002
10-bit ADC, 13 channels, 500k samples per second I oroalNOE

1

by
4

RBD
RB1 5
WRABZ
RBS 7

TINADMLNRTCC/SCLZ/RPIPMWRICNT,
Ve

3 Analog comparators

2 UART Modules with LIN and IrDA® support, 4 Deep FIFO

2 SPI ™ Modules with 8 Deep FIFO

2 12C™ Modules with Master and Slave Modes

Five 16-bit Timer Modules

Up to 5 Input Capture and 5 Output Compare / PWM,all with dedicated timers
Hardware RTCC, Real-Time Clock Calendar with Alarms

PMP, Parallel Master Port, with 16 Address Lines, and 8/16-bit Data
Peripheral Pin Select for remapping digital peripherals to 1/0

Charge Time Measurement Unit (CTMU) for capacitive touch interface
Universal Serial Bus Features

USB v2.0 On-the-Go compliant

Dual role capable, can act as either Host or Device

Low speed(1.5Mb/s) and full speed(12 Mb/s) operation in host mode
Full speed USB operaton in Device mode

Supports 32 endpoints

On-chip USB transceiver iMakerbase - Feb. 2022

[

2
3
4
Voo

TNSIUSBIDVENZTRBS

MILR

TEDLVBUSVLDWVCMPST1/ICN2RAD ]2

¥

OSCOCLKOPMALCNZURA,
SOSCUCZIND/RPAPMBE'CN1/RE

SOSCOSCLENTICC2INCEMATICNORAS

D2/SESSYLONCMPSTZ
Vee
OSCICLEICTINDIPMCSTCNIIRA,

CUANICZNA/CMHERPLTMD

ANGCAINRDPLNSDAZRP2FIMD2ICN

PGEDTANZIC2INBDPHRPOPMDICNA

PG
ANSC

=1/AS0A1?RPSPIDTH

PGECHANCIINOVREF-ASCLI®IRPEPMUGICT

PGECAANICIINGY

10



,(_‘/;)i( iMakerbase

Xy EFEME:S

History of Theremino System & tiromio

In 2012 a group of experts in different
sectors decided to share their experiences
and skills generating the OPEN SOURCE
THEREMINO system aimed at simplifying
and sharing information

The site www.theremino.org and the first
version of the Theremino Master is born.

é(%n%z/% T?{;ﬁgﬁ:}%n Qﬂgﬁ T ? R
e R R, R o
OPEN SOURCE THEREMINO/V}T: =AY LI

M v www.theremino.o

Tiheremmo RIMH2E— ﬁ\ﬁ}iﬂiﬁ\

[¢)
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In 2012 a group of experts in different sectors decided to share their experiences and skills generating the OPEN SOURCE Twww.theremino.com

The Master

The first commercial version was the
V3, later in 2016 the V5 version was
released, stable able to manage 12
input and output pins.

The wiring diagram and the firmware
and Gerber files are freely
downloadable from the website
www.theremino.org

F—IRM A AZ V3, 2016
R LEIN & AR 1 VS AR, AdE
Al DLV 12 N AR g H 5] D
B4 & A [E 4R A0 Gerber SO RT

M %k www.theremino.org % 5%

N

iMakerbase -
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The SLOTS &5 tiormlio,

The resolution of the hardware interface is only half of the need to
connect sensors and actuators.

Using the standard USB protocol, once again, the difficulties were
enormous.

The theremino team decides to rewrite the USB protocol, introducing
the concept of slot.

A "slot" is a simple container for a number or text like the slot
machine .

There are 1000 slots to read and 1000 to write which are continuously
exchanged between Windows and the Master.

There are only two instructions for manipulating slots:
variable = Slot (nn)
Slot (nn) = variable

A1 1 1) o e o U AR BRI AT 28 P 75 19—
FRIRAE bR #E USB L, TRIHE R BRI .
Theremino B\ 5E 'S USB WX, 5 A FdA8 1ML & .
“CERAL” BT EOCR R E RAAR, Bl RN
A 1000 /] SEE 4GRS AT 1000 AN FTE NAERE, EAT1/E Windows
F Master 2Z [B] AN A2 .
BAEME LA S:
A5 = $iFE (nn)
i (nn) = &&=

iMakerbase - Feb. 2022 13



The software modules: The “HAL”

The HAL (Hardware Abstraction
Layer) module takes care of
electrical interfacing and signal
processing functions in
collaboration with the Master, as
well as communication with the PC
via USB in HID mode and with
external components. It typically
transfers over 700 frames per
second over USB 2.0.

HAL (BEEH G E) B o 5+

s UM R FE S DRI E S b B T RE,
DL it HID *;%EE?E’J USB FHAR T
A5 pCcHHTEE. Bl ET

USB 2.0 &AL FndE 1 700 il

-,

i

File

Toals

Language

Recognize s | alidate

Help

Abhout

Errurheep‘@

Lock Masters g

¥

@?g L hEVED il i O

Twpe ID Subtype Slot Yalue Motes
Haster 1l 3CARA Black
Slave 1 MasterPins Firmware WE.0O
stepp |1 | 0.0]Monor M1
Pin z Stepper_dir z 0.0 B&tep to destination
Pin a2 Stepper a2 0.0 Motcor MZ
Pin 4 Stepper_dir 4 0.0 BStep to destination
Din & Ade_le ) EZ.0 Wacuum
Pin & Pwm_ lg & 0.0 ERED
Pin 7 Stepper 7 0.0 Motor M2
Pin =] Stepper dir =] 0.0 Btep to destination
Pin 2 DPwm 1% ] 0.0 CGREEN
Pin 10 Ddg out 10 0.0 Enable Motors (inw)
Pin 1l Dig out 11 0.0 PFPunp
Pin 12 Dig in pu 12 1000.0 MI-ME-2 limit
< >
iMakerbase - Feb. 2022

Disconnect Master »

Calibrate 30

Master properties

Marne | SCARA_Black

Rep freq. (fps) 57
Error rate (%) 0.00
Cormm. speed 12

Fast data exchange I D
Pin properties 1
Fin Type Stepper

=lot 1

1000 means 1000

Zero Means mm i
| Responzespeed | 100

Stepper properties
Max sp. (rm/mind 40000

Max acc. (mmfsfs) 230

Steps per mm 4.2

Linked to previous [
14



The easy configuration of the 1/0 pins

A& Thereming HAL - VBT

The software module called HAL
(Hardware Abstraction Layer) allows in a
simplified way to assign the hardware
functions to the external pins and to set
their parameters. Currently there are 26
possible configurations, and each
configuration can have a specific set up.
For example, for the stepper motor we
have the maximum speed, the acceleration
and the steps per millimeter and the
direction of rotation.

PR HAL CBEFMSRZE) BB o vF
1) 77 R R A Ty B8 29 FiC 25 20355 5 | B 915
ZH. HEIHE 26 FiATREMACE, RFHEC
DLERFERIWE . #Hlun, X0t sl,
B RO RE . s R AR 2K A L AL i

,(/_"i( iMakerbase
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Callbrate 3o

Master properties

Narne | Pedal_lnput

File  Tool:  Language Help  About
Recognize =2 | Walidate Error beep ﬁl Lock Masters g Disconnect haster =2
Tvpe ID Subtype Slot Walue Mote:
HastCar L Pedal Input
Slava 1 HMastaerPins Firwware WE.O
Fin 1 thusaed
Pin Z  lDhused
Fin 2 Dnused
Pin 4 Unused

| Fin | 5 [Digout | 5 [ 0.0]Vacuun pump |

Pin & Dig_out
Fin 7 Pum_L6
Fin E  Pum_ L&
Pin 4 Pum L&
Pin 10 Ddg_in_pu
Pin 1l Uhused
Pin 12 Dig im pu

| Response speed |

0.0
[ o.o

T Sleap
3 Zleap
3 Zleap
10 1000.0
1z 0.0

Rep freg. (fps)

Error rate (%)

Comm. speed

Pin properties

Fast data exchange/l_
. | ==
Fin type Stepper

Slat

1000 means

ZEFD MEeans mrmn

Stepper properties

Max sp. (rm#mind

Max acc, (mmdsfs) - S0

Steps per mm

Linked to prewious [

Pump push
LED Red

LED Geasty
LED Elus
COEBOT PEDAL

PLUSE
Tb5
0.00

12

104
10aa
0
100

200

200

Rep freq. (fps) TaB
Error rate %) LR
Camm, speesd 12

Fast data exchar qe '_
Pin properties

Pin type  Dig_out

Urused

Dig_nut
Max wvalug _

P _8
Fin value |Pwm_16
Reaponss) EQr'-'D_Ii/
Servo_
Stepper

Prri_fask
Dig_n
Dig_mn_pu
Cap_g5
Cap_lo
Res_B
|Res_16
Adc_B
Adc_16
Courter
Counter_j
Fast_counter

Slat

Fast_counter_p
Pariod
Period_pu
Usound_sensor
Encoder_a
Encoder_a_pu
Slows_period
Slow_peariod_pu

15
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The software modules: The “Slot Viewer” & thorzmlio

,(_‘/;)i( iMakerbase

The "SlotViewer" module allows you to view the
status of the slots in real time.

Slots are a simplified version of the e ——
communication between the HAL module and the e o CEE e
applications in a Windows environment. Motor M2

Through this module it is possible to intervene in
real time on the contents of the slots.

)

% Slothyiewer - W11 —

e

[

W N
2198
oo

=
=

N

4
s
5

=
=]

Step to destination

=]
f
o
=
(=]

Motor MZ
Step to destination

“SlotViewer” B ] LEE SN BB GRS . GREED
fl:ﬂji %7\% HAL *ﬁﬁ%'@ Windows %%EPE‘JFJTH%%?Z 10 Enable Motors (inwv)
()38 A5 1 TR A hiCAS 11 Pump
XA, A DLSEIS T P A ) N 2

]
ole
= Y =

o
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The software modules: The “SignalScope” &B tioramli

oo bgfer % | S barfer bl Save image el mepotre B Comor B TnpgerOFF @ R UN @B coad el | 7% Sawa bwilar l Sove image @ Iotorpolaio @ Cusos B Tigewr OFF B RUN
amwalzl 1 wam 1 s shzl -1 e st -1
/—\ E |
54
W :
e &
\H ® A
A0S/ div A 'dky BIESdy Bk BN mE ik
Channes rtranes = Time baze Fap T [RT tilal s lintss lrsses oy
z I =i
Sht - Me Cemer  Utksidv  AC EN 1.5 Barki 1-| DCisatlid = it vir Hag Cema!  Unisidu AC El 05 Secs = Dimehied =]
1 | -4 | D 1050 | 500 MrMz -] [ & | A= SCREWIRVER Aok (ms} 1 [ | o T | 300 ||.|u+|-: “ACF BLLY = Motor ortw: (%} . '--;._
2 I 2 [ am e | 5 w-Hx =] ™ = | ||REC=TORZUE iperod) ] g[we [ a5 T TS0 [wira: =] & | |[RED =Torus  gugiemi [
a[a [ == HE T 1 Wir Wz | T | |[sn - s SN uphine a[m [ 1 15 [am [varataz =| T = | |I2RH - Fraktzrgue dom) FiJM opdzns
Fun 3ot 101 Chanr b A
3 = = = - = 3 et P = = == = = T Ghaar futer
A [ - 7 [ 8 v x| T | (B Preakizrue o -] P a[we [ © o 500 [vnas BLK = Tuims dZnd (Tuma) S Step dakay e 100
‘W = D Peab lu peab = dilinity Waus = 0 Feab I gk = ity W = [ Wauz - “eak o peak = irbnety wWauz = =ak o peak = rhnty Yauz =1 —odk bo peak = Ictkmly

The "SignalScope" allows you to view the status of the slots in real time, like a logic analyzer
or oscilloscope.

The slots are a redesigned and simplified version of the communication protocol between
the HAL module and the application in a Windows environment. This module has functions
for storing the waveform and history.

“SignalScope” fe VFIESEI BRI IVIRA, wUBOZIR BT/ /s — 1
X EESEE A2 HAL BB 5 Windows 358 H 1 N FH R 7 22 18] )45 P 0 B8 Be T A fag 6
A o AR LA AR AN T SE R T e
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On E- commerce there are a lot HEHTHEST, AFZA

of different stepper driver F 1At A i ) 22 E B
circuits with different price and A LIRS o

performances.

18



Stepper driver DRV8825

of Texas Instrument

i — o—Ai 05T logic power supply
o 2 e &0 (RN gy
N 5—s &1 W
o o o4& N
=7 B—s o4& 0N

o—: o—4l X0 VDD
ISTEP lf 7 o 10§ FAULT |
B3 g—- — microcontroller
—GND

We decide to use the Texas

Instrument based driver, the

DRV8825, for its good %

performances, low price and greath e

availability .

,(_‘/;)i( iMakerbase
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RESET
SLEEP

sTEP . JRUIEINHE

> DIR wor w8 GND—l

A TR 78 45 FH 2 T FE A
s IKENFE T DRVSS25,

N LA BB
B T AT 5 ] T
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Stepper driver PCBA

id

o

GO0000060
oCCOo0000

P o000000

N) L) = 1’55; /\ .
This device can manage up to 5 @&%W?E 5 @i‘ A
standard DIP driver for the ﬁ DIP Bz FH 20 ik

stepper motor.

20



Stepper Motor

theory of operation

The stepper motor is a kind of motor
that run by steps. The most commons
need 200 steps to make one turn.

One step generate a movement of 1.8
degree.

,(_‘/;)i( iMakerbase

X 2 ¥ E B mE S
&5 thorzmmlic

Windnrg

Stk AL — B 425 47
Bl LEY 75 3 20
A hek .

—Br=4 1.8 E I3,

N

oY
N

-

Notor Sechon
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Stepper Motor Srpiabaty
theory of operation
stator

stator

There are the stator with two set of v P ALLE I ARNTBIY SE

the fixed mognetic folds aligned. TRAR S LX)
[ XE 1 .

alternatively with the stator.

22



Movem

ent

lI:|

M(@-

2l (S

j-
Ny,
| &

+1a

—1b o
= 2a o

=3

+2b Lk

current in “forward® direction producing a clockwise rotation

w0 1a
2b oy + 2 C
+ 1b o b

Reversing current in both coils does not change the direction of rotation

1a

1bC

= 78 —

"M B
‘7 \“ﬁm

,(/_")i( iMakerbase
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&5 thavzmlio

Powering alternativelly and
sequentially the stator coil,
the rotor consequently are
attracted and repulsed in
phase with the coil.

”%ﬁﬁﬁ?ﬁﬁ
2B,

BeEe 7 5 Hﬁ
AR 5| AHESF o
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TI DRV8825

0O =~ N f b=

10 nF
CP1|| CP2
| VMM
— o
4
- ~  wa LA T
5 5  vmB —H SLP
R5
g'TF; %g DIR s —AA—
STEP =T 0.1uF 10K
SLP 17 | =rrrp vep L3l vep
| _RST16 | pEsET 1
I 2
m% %E MODE2 BOUT2 *130 Eﬁ 3
V22— MODE{ BOUT1 4
AOUT1 6
EN 21 | eNEr aouT2? A2 | 7
— 8
€ 1 —_ | 27 R4
19 | becay oME 2L 1.5k
2 12 18 FLT —d
2 AVREF FAULT =
éTg: VRE[ T3 | gyREF .
$' g - ISENA
10k =— NC 9 ISB
“ ISENB
15— GND 3V3
) N
2 | GND V3P30UT 5] R R3
i DRV8825 ——g% .
= T 047u

&5 thoramilie

DIR = up CW, low CCW
STEP = each pulse one step
A1-A2 = coils

B1-B2 = coils

Mode 0,1,2 = microstep

DIR = [ JiAst4&F, I E £t
STEP = &Mk h—28
A1-A2 = &

B1-B2 = £ &

01,2 = b

24
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Selective Compliance Articulated Robot Arm

Structure:
e Simple
* Strong
* Easy

ZE R -

. fAHHY
© B
. fAH

We do not use X,Y and Z, we made it more simple,
using simple angle.

PATAE T XS Y Az, JRATIsE P g B 14 A 52 sk L B ]

25
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& thorzmmlio

-r‘-------‘-“‘
----===I

Bau
Z T

Our SCARA is made using plastics, but can be used any other materials

FATHT SCARA A F 4 B, (ELRT LA A A ) 2

LAt A )

26
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We send command to the M1
and M2 directly in angle.

Data is send over the Theremino
Master, using slot and the
programming language called
Theremino Automation.

WATE R PAA LR M1 HT M2 K%

Ny
4 o

¥zt Theremino EHLRIE, 4 H
FEFE IR N Theremino H 4L 4

FIES.

27




Theremino Automation & tisrsmio

&
Contrals Program : SCARA_black_W16 txt
' A
Home : Name: SCARA_Black_V16.txt Date: 18 Mar 2022

! Author: Leonardo DE PALO Ph.D.

Home MZ ' Scope: SCARA management
'[| Hardware: Standard Master and stepper driver

Home M1 ' Limit switches
! Vacumm motor, valve and sensor
! Red/Green 1ight

Home M2 ! Voice messages
! JoyPad PXN F-16
! Set Speed-PAUSE with analog input
Slot 202 = 1000

Start Pump Option Speed 9
' : === === ==== HARDWARE

EreRIE Microstepper stepper 1/32 stepper as step Tor run

op Fump ' Gear ratio for MO and M1 1:4 Step x mm = 800 x 360 / 360 = 5Y.556 7
' Leadscrew: 4mm for one turn
Enable Motors

! mmmmmmmmmm==m=m=============== HARDWARE SET UFP DVESEZL

Motor M1 current 200 mA

Microstep "ABC" 32 Speed 40000 AcCC 25U Stepsmm /4.2 reduction ratio 4:1
Motor M2 current 200 mA

Microstep "ABC" 32 Speed 50000 ACC 250 Stepsmm /4.2 reduction ratio 4:1
Motor Z current 200 mA

Microstep " BC" 8 Speed 2000 ACC 100 Step 400 leadscrew: 4mm turn

Disable Motors

Edit sequence

RUN SEQUENCE -
‘Load SCARA_Z_M1_MZ.Jpd
'TTS SelectVoice "ENG"
'"TTS Setvolume 100
'TTS SetSpead -1

'sl = TTSvoices
Cloche Beep "2000 50"

: BUTTONS E I I I
CLOSE ALL

Seduence
BalFlay . seq

Button 1 Text Home

Button Home Text "Home™ v
£ >

Speed 06 O? T OD Tramsn., Ln: 2 Col: 1 Lines: 1001

Loaded program : SCARA_black_V16.txt (load time = 1223 mS) 28

‘ STOP ‘




Theremino Automation & tisrsmio

Controls

Home

Home MZ

Home M1

Home M2

Start Pump

Stop Pump

Enable Motors

Disable Motors

Edit sequence

RUN SEQUENCE

SeqLience
BalPlay.seq

Cloche

CLOSE ALL

STOP

The language Theremino Automation is an OPEN SOURCE
project, that was invented to simplify the interaction
between sensor and actuator, with particular attention to
the Stepper Motor, for the users that are not a
professional programmer.

To store the instruction to send to the robot, we use a text
file called SEQUENCE.

www.theremino.com/downloads/automation

&5 Theremino HaMLE— 1 HIEIIH, KH'E &
N T TRIAAL BB AN AT 28 2 (B A2 B, REIVE R D
BEHHL, X FA LR F RPN T AR
EEHE AR S, BNMEH T —1M 4N
SEQUENCE H) AR Ao
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https://www.theremino.com/downloads/automation

Sequence of Theremino Automation

ﬁ
| BalPlay.seq [BlH] E2] el [«][*]
: Py
"I iMakerbase workshop Date: 09 apr 20272
' Author: Leonardo DE PALOD Fh.D.
' Scope: SCARA management
| Hardware: Master and THEREMINO stepper driwver
' Limit switches
' vacumm motor, wvalwvle and sensor
: Red/Green light
' Wolce messages
GreenOn 'se on the green 1light
Enab]eMotOPS

| — FICK

I Mowve_mMz 1173 raisze for safe travel im mm
Mowve_M1 209,869 'rotate in degree

Mowe_MZ 263 'rotate in degree

Mowe_MZ 5B "Tower to pick

startPump ‘start the wvacuum pump

Mowve MZ 113 'zate for trawvel

'————— PLACE
Mowve_MZ 101.020
Mowve M1 156.940

'rotate 1n degree
'rotate in degree

Mowe_MZ 109 "Tower to place
StopPump 'stop the wacuum pump
Mowe_MZ 113 ‘sate travel

Redon 'set on the red light

L4

MG 0
) )

W' Foom' W Transp.

Lh: 27 Caol: 11 Lines: 32

@ thew g:':‘r")i 10

The commands stored into the
Sequence file are very simple,
intuitive and self explanatory.

The special editor avoid to use
type mistake in the commands

AFREAE 7 51 S ) A &

TR, EMH—H T
SR

7% ©

R IR G 4B A BE S AE 2
il SR AR R



,(_‘/;)i( iMakerbase

Xy EFEME:S

Theremino other applications & tiomi

‘s ‘hee  no

sthesrealsemodularsin-oute

On a web page we have reported all the  fE— M, BRATIRE T A

applications, some totally innovative. N, Hp—E s e a5
All strictly OPEN SOURCE. A HR A IR -

www.theremino.com/zh/applications.

www.theremino.com/en/applications
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http://www.theremino.com/en/applications
https://www.theremino.com/zh/applications

7")& iMakerbase

2 EFEmE &

Theremino devices &8 tisrzmiio
..and much more. ﬁﬁﬁ%;@ﬁﬁko
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,(_‘/;)i( iMakerbase

Xy EFEME:S

&5 theoromlbine

For more info, search the word:

“theremino”
RTBREZER, HHEEN:
“theremino”

THANKS FOR YOUR TIME

R R B B



