LENESAS

Application Note

2-Axis Robot Arm Controlled via
Analog Joystick

AN-CM-333

Abstract

This application note explains how to build a 2-axis robot arm controlled via an analog joystick using
a GreenPAK chip and two servomotors.

This application note comes complete with design files which can be found in the References
section.
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1 Terms and Definitions

PWM Pulse-Width Modulation

PGA Programmable Gain Amplifier
ADC Analog-to-Digital Converter
MUX Multiplexer

FSM Finite State Machine

2 References
For related documents and software, please visit:
GreenPAK™ Programmable Mixed-signal Products | Renesas

Download our free GreenPAK Designer software [1] to open the .gp files [2] and view the proposed
circuit design. Use the GreenPAK development tools to freeze the design into your own customized
IC in a matter of minutes. Find out more in complete library of application notes [3] featuring design
examples as well as explanations of features and blocks within the GreenPAK IC.

[1] Go Configure Software Hub, Software Download and User Guide

[2] AN-CM-333 2-Axis Robot Arm Controlled via Analog Joystic.gp, GreenPAK Design File

[3] GreenPAK Application Notes, GreenPAK Application Notes Webpage

[4] SLG46620, Datasheet
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https://www.renesas.com/us/en/products/programmable-mixed-signal-asic-ip-products/greenpak-programmable-mixed-signal-products?documents-title-filter=333
https://www.renesas.com/eu/en/software-tool/go-configure-software-hub
https://www.renesas.com/us/en/document/scd/cm-333-gp-file?language=en&r=1570446
https://www.renesas.com/eu/en/products/programmable-mixed-signal-asic-ip-products/greenpak-programmable-mixed-signal-products#document
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3 Introduction

Robot arms are one of the most widely used robotic applications because they can make movements
similar to a human hand. A robot arm could be an independent application or part of a bigger robotic
system. Robot arms are mainly used in industry for pick and place applications. They are also found
in mobile security cameras and toys.

A robot arm usually consists of several links connected by joints which can rotate. In this project, we
will build a robot arm including two joints of rotation, one for the x-axis and the other for the y-axis.
These will be controlled by an analog signal from a joystick. The circuit will be designed with the
GreenPAK SLG46620 chip, two Tower Pro SG90 servomotors (Figure 2), and an analog joystick
(Figure 3). The project does not require a microcontroller, since the GreenPAK chip includes all the
elements needed to build a static IC capable of controlling the servomotors independently.

4 Principle of Operation

The GreenPAK chip will carry out all of the system's functions. It receives an analog signal from the
x-output of the joystick, which is internally digitized and used as a PWM signal for the servomotor.
The input channel is then changed to read from the joystick's y-output, and the process is repeated.
The analog signals will be read every 10 ms, alternating between x- and y-outputs. Therefore, each
individual signal is read every 20 ms, so the output frequency is 50 Hz. This is suitable for the
operation of the servomotor.

Analog
Joystick [ Servo X ] [ Servo Y ]
X__J
Y
Analog . ADC . PWM | Output
MUX Generator DEMUX

GreenPAK Chip

Figure 1. System Block Dagram

4.1 Servomotor

Two Tower Pro SG90 servomotors will be used to build the robot arm. The motor needs a PWM
signal to control its angle of rotation, which varies from 0° — 180°. When a 0.5 ms pulse width is
introduced, the motor rotates to 0°. When the pulse width equals 2.5 ms, the motor rotates to 180°.
The pulse width consequently must be between 0.5 — 2.5 ms every 20 ms to get an angle between 0°
and 180°.
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Figure 2. Tower Pro SG90 Servomotor

4.2 Analog Joystick

Analog joysticks are widely used in robot applications due to their low price and easy connection.
The joystick consists of two potentiometers positioned crisscross. It provides three outputs: x, y, and
a push button in the middle. The joystick in our application will offer manual control of the servos.

To get a range suiting the GreenPAK's ADC specifications, the joystick will use the chip's VREF
rather than connecting an external voltage divider. This will reduce the number of external parts.

Figure 3. Analog Joystick Module
Application Note Revision 1.0 07-Apr-2022
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5 GreenPAK Design

The GreenPAK design comprises several parts (Figure 5). An analog MUX receives the signal from
two different outputs according to a defined time interval. A pulse generator of 100 Hz gives a pulse
every 10 ms. The x-signal is received in the first 10 ms and the y-signal in the next 10 ms.

Pin8 and Pin9 are configured as analog inputs connected to a PGA configured as an analog
multiplexer. The signal from Pin16 switches between its two channels. When the signal CH Selector
is set HIGH, the reading comes from Pin8, and when it is set LOW, the reading comes from Pin9.
After the analog signal is transformed to a digital one, it is read from FSMO. FSMO gets it input from
the output of the ADC block (ADC data). FSMO is configured as Falling Edge DLY.

delay time = (counter value+1)/clock.
clock = 256/2ms = 128kHz

FSMO0's CLK Pin is connected to the CNT5 output via EXT CLKO to get 128 kHz so that the pulse
width of the output is 2 ms when the value of 255 is received from the ADC. The output period of
CNT5 therefore is 7.8125 us and CNT5 data is 210.

The 2-L0 inverter and CNT6 define the 100 Hz generator, which gives a pulse every 10 ms in order
to output the PWM signal to both servomotors every 20 ms. The generator's output triggers CNT9,
which is configured to work as Falling Edge DLY with a delay time of 0.5 ms. The CNT9 output
triggers FSMO to output a signal whose width is FSM data + 0.5, which will be between 0.5 and 2.5
ms. This is passed through LUTs to the suitable servo.

CNTO is used to give a 2.5 ms pulse width every work cycle as the maximum allowed time frame to
output the signal to the servomotors (each one in turn) to prevent any errors.

DFFO, 2-L1, 3-L2 are used to control the input channel, where switching is periodically done between
channel 1 and 2 of the PGA every 10 ms. Pin6 is externally connected to Pin16, which is linked to
PGA's CH Selector pin.

The 4-bit LUTO, 3-bit LUTO, 3-bit LUT1, and 2-L2 form the demultiplexer to pass the PWM signal to
the requested servomotor.

Application Note Revision 1.0 07-Apr-2022

CFR0014 6 of 12 © 2023 Renesas Electronics Corporation



AN-CM-333 LENESAS

2-Axis Robot Arm Controlled via Analog Joystick

800 mV

PIN 8
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CNTOOUT | | 23 ms '
FSMO OUT —‘PWM\."EIUEE | E —‘ E

ro i ! | i | i 57
CH Selectlé_i— | :
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Figure 4. Timing Diagram

When the CH Selector signal is HIGH, the reading comes from channel 1 through Pin8 and the
modified PWM signal passes to the x-servomotor through Pin4. When the CH Selector is set LOW,
the reading comes from channel 2 and the signal is passed to Pin5 and then to the y-servomotor.

The channel is changed with the falling edge of the CNTO output after 2.5 ms has elapsed from the

start of the cycle, to output the pulse with the start of the next cycle (see Figure 4). This provides
sufficient time for signal reading and stability.

RIS CI\T5/DLY5 getd

PWM Signal

T CIT2/DLY2/ o
100Hz Generator 0.5 ms ~ FSMO —
—_— X Servo
o oo =l © 5 < ~ - - G
* »“ - b4 CiiTe/D1Y5 o (el T . Ny ° o °

Analog X

2.5 ms

B CTO/DLYD g

Y Senvo

CH Selector

'b‘" :,,bjm_ s
DOMPD OUT+ p

Figure 5. GreenPAK Design - Matrix 0
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To prevent any error in the ADC when the signal is small (less than 40 mV), DCMPO is used to
compare the ADC value with register 0. If the value is smaller than 9, the angle will be regarded as 0°
and the output of CNT9 will be directly passed to the requested servomotor.

The joystick is sourced from VREFO inside the GreenPAK chip so that the signal read by the joystick
is within the ADC's operation range. VREFO is connected to Pin19 where the source selector is set to
be ACMPO, which was adjusted to be 1200 mV.

The joystick contains a push button which can be leveraged for additional functionality. A debouncer
was constructed using CNT8 and the improved signal is output through Pin20.

Pin12 is configured as a low voltage digital input, because the joystick voltage is 1200 mV.

1200mV

|

DCMPO OUT +

(sl ]

Debouncer

o 0
O CTE/DLYS A

Push Button

Figure 6. GreenPAK Design - Matrix 1
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Figure 8. Circuit Schematic

To test the design, GreenPAK Designer's Signal Wizard was used to apply different signals to the
inputs and monitor the outputs.

A video showing the working project is also attached to this file.
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18 Signal Wizard
Options

Generator:

Shown period:
Start point:
Stop point:
Global linkage:

Sync Power Rails:

Repeat: Cydic
Repeat count: 2
Pre-start state: Low
Pre-start delay: 0.000 2| |ms
End state: P
Output type: High-Z
Pause type: Last state
Signal Generator Seftings.

Type: | Trapeze (Triangle, Saw)

Hode: Normal
Umax: 1030
Umin: 0.000
Tlow: 0.100
T rising: 98.000
T high: 0.100
T falling: 1.000

Tolerance: 7 mV

Auto Apply

General

TPS (PING) - Trapeze (Triangle,

ms

ms

ms

ms

a Apply Al Start Pause Stop ® Auto vin: | C

Max:

Figure 9. Generating Sawtooth Wave

Figure 10. Pin8 (Yellow), Pin9 (Blue), Pin5 (Red), and Pin6 (Green)
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6 Conclusions

In this application note, we used a GreenPAK SLG46620 chip to build a circuit controlling a robot arm
of two joints, x and y, using two servomotors operated with an analog joystick. The chip was highly
efficient for incorporating all of the circuit's important elements within a small space. There was no
need for an external microcontroller and few external elements were required.

This design may be expanded to build a robot arm of larger degrees of freedom by connecting more
than one chip. Such a system could be applied to many different industrial applications.
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