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Incremental Encode Qutput type Magnetic Sensor HGPRDT007A

Alps Alpine high-precision magnetic sensors use Giant Magneto Resistive effect (GMR) for horizontal magnetic

fields detection. Utilizing the GMR element for its high output and exceptional resistance to high temperatures and
magnetic fields, our sensors achieve high output level and sensitivity compared to other GMR sensors; approximately
100 times higher than Hall element and 10 times higher than AMR element based on our research. We offer various
magnetic sensors for dedicated usage such as non-contact switch applications, linear position detection and angle
detection as well as rotational speed and direction sensing in response to external magnetic fields.

This document provides the information how to evaluate Incremental Encode Output Type Magnetic Sensor (herein
after magnetic encoder) with M5Stack quickly.

1. Requirements

Please prepare followings for evaluation: Arduine

® M5Stack BASIC — MSStack g

@ USB cable (come with M5Stack) ® PASIC g”; @
® Evaluation board for HGPRDT007A ae e

@ PC w/Arduino IDE & other files (see below)

® Neodymium magnet (4-pole ring type) ® e
® DC FAN and power supply E—

|
1
1
1

Note) All the necessary files should be installed into |
Arduino IDE such as “M5Stack Boards Manager” and — . *
“Library Manager”. For setting of M5Stack, please also -

® :

refer to M5Stack website and other materials.

Magnet  Magnetic encoder

2. Connection
Connect PC, M5Stack and the evaluation board by USB

cable as shown in Fig.2. The circuit diagram of the

evaluation board is shown in appendix in this document.

A1013uu07)

Fig. 2
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3. Compile a program

Download sample program for the magnetic encoder (HGDVSTO007A) from ALPSALPINE website and extract zip

file anywhere on your PC. Then follow the instruction below 1 - 4.

(For download, user registration is required)

Archive file: HGPRDTO007A_SSWO*** zip

After extraction:.. ¥(Any)¥HGPRDT007A_SSWO***¥HGPRDTO007A_SSWO0***.ino

1. Start Arduino IDE.

2. In menu [file]—»[Open] and select
(ALAP_HGPRDTO007A.ino) in list (Fig.3).

3. Select “MS5Stack-Core-ESP32” or "M5Core"in
[Select Board] and select COMxx which is connected
with M5Stack (Fig.4).

4. Click “v'” for compile and wait.

Note) Number of COM port (xx) is different depend on

user condition.

4. Upload compiled program to M5Stack

Upload (write) the compiled sample code to M5Stack.

1. Click “—” for upload and wait for message
“Done uploading” (Fig.6).

2.  After uploading, M5Stack restart automatically.

3. Status of magnetic sensor can be monitored on

MS5stack LCD.

‘Edu Sketch Tools Help
MNew Sketch Ctrl+N
New Cloud Sketch  Alt+Ctrl+N

Ctri+0

Fig.3
- .

File Edit Sketch Tools Help

¥ MoSacCooESPR -

Select other board and port...

Fig.4

' M5Stack-Core-ESP32 ~ I

() Done compiling.

Fig.5

M HLAF_MUILVI USSR SUSS U | ATUUITIL IUE 2.2,

File Edit Sketch Tools Help

¥ M5Stack-Core-ESP32 = .

I Done uploading.

Fig.6
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5. About sample program

The magnetic encoder detects the change in flux density of the rotating magnet and output “1” or “0”. The sample

program uses the output signal to calculate the rotational speed, displays the direction of rotation and the rotational

speed on the LCD screen.

1. When the power button is ON, the program starts and displays the initial state (direction of rotation: STOP /

speed: Orpm).

2. When the magnet rotates, the magnetic encoder detects the change of magnetic flux density and outputs the

OUT1/0OUT?2 signals (Fig.7).
B Clockwise (CW): Output in the order of D@@)«-@D(®.
B Counterclockwise (CCW): output in the order of @@D® - -@D.

3. MS5Stack detects the position of the magnet through the OUT1/OUT2 signal of the magnetic encoder, calculates

the rotation speed and displays the rotation direction and rotation speed on the LCD screen (Fig.8).
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Fig. 8 Display of direction of rotation and speed

Calculation of rotational speed

Magnetic; - oUT1: 1 oUT1: 1 0oUT1: 0 0oUT1: 0 oUT1: 1 oUT1: 1 0oUT1: 0 0oUT1: 0
encoder ouUT2: 1 0oUT2: 0 0oUT2: 0 ouT2: 1 ouUT2: 1 0ouUT2: 0 ouUT2: 0 ouUT2: 1
output signal
HIHG(1)
Undetected
LOW(0)| |
Detected
Fig.7 Rotation position of magnet and magnet encoder output
STOP: No rotation
CCW: Counterclockwise
CW: Clockwise
* rpm: Numbers of rotation

(Approximate number)

In case of 4-pole magnet, 8 equal parts are exisiting per approximately 45 deg. In the sample code the change of

encoder output is defined as 1 count. Rotational speed can be calculated with following steps; Accumulate the

counts in 1 second, divide it by the numbers of divisions (8) and multiply by 60.
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About magnetic encoder

The magnetic encoder (HGPRDTO007A) uses an open-collector circuit. As shown in Fig.9, the output signal of OUT1
is ON (output low) when the magnetic flux density from Pin3 to Pinl is 0.8 mT (typ.) and the output signal of OUT1
is OFF (output high level) when its magnetic flux density is -0.8mT (typ.). The output signal of OUT?2 is ON (output
low level) when the magnetic flux density from Pinl to Pin5 is 0.8mT (typ.) and the OUT2 output signal is OFF
(output high) when the flux density is -0.8mT (typ.). Due to the pitch free design, a 2-phase signal with a 90-degree
phase difference can also be output for an anisotropic magnet with multiple poles similar to the one in Fig.10. For

design information and detailed procedures, refer to the product datasheet, design manual, and application notes.

Hysteresis of the magnetic encoder output signal
rlout2)

Sensitivity Direction for Vout2

[3] [2] [1]

> +
Sensitivity
Direction for Vout1

ORZNE

our2 * OUT1

Example of Signal Output of Magnetic Encoder

Sensor output in 1 rotation 90 deg. phase difference

ring magnet
8 poles J l I | I(_H—] r | .
ring magnet t t t !

Fig. 9 Sensitivity direction of magnetic encoder

Table.1 Operating magnetic field

Parameter Symbol i V_?::fs Max Unit Note
Hon - 0.8 (1.6) mT
Operating Magnetic Field Hoff (-1.6) -0.8 - mT 25deg.C
Hhys - 1.6 - mT

Pitch Free 2inl

g Feld-A -
b
,__l 4
g oull A I
Fig.10 Pitch free
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About serial monitor

The angle of magnet rotation can be monitored on Arduino IDE serial monitor when M5Stack is connected to PC.
To use this function, please set baud rate as below:

Baud rate: 115,200bps

serial monitor x v O =

Message: LF -
1180
1180
1180
2180
1180
:180

Rotation angle is
1180

1185 4———| displayed at 45

—_
<O
<

135 deg step
1135
1135
1135
1135
90
:90
:90
Ln 27,Col 2 Mb5stack-Core-ESP32 on COM4 o B
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6. Disclaimer

1. The contents of this document are subject to change without prior notice.

2. Reproduction or copying of part or all of this document is strictly prohibited without the permission of the Company.
3. The information in this document, such as software and circuit examples, is example for the standard operation
and use of this product. When used in actual design, customers are requested to take responsibility for the products
and designs their product. We are not responsible for any damage caused using these.

4. The Company makes no warranty and assumes no responsibility for infringement of third-party patents, copyrights,
and other intellectual property rights or disputes related thereto arising from the use of product data, diagrams, tables,
programs, circuit examples, and other information described in this document.

5. When exporting products that are subject to domestic or overseas export-related regulations, please obtain the
necessary licenses, procedures, etc., based on compliance with such regulations.

6. If you have any questions about the contents or products described in this document, please consult our sales

department.

About Trademarks

Arduino and Arduino IDE are registered trademarks or trademarks of Arduino SA.

M5Stack and MS5Stack BASIC are registered trademarks or trademarks of Shenzhen MingZhan Information
Technology Co., Ltd.

Trademark symbols such as TM, C and R are omitted in this document.

Inquiries about products and services
For inquiries about our products and services, please visit the inquiry window on our homepage.
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Appendix
1. Circuit Diagram

ca1
M5 Stack
GND 2 GPIO3S
<
GND 3 4 GPIO36
GND 5 6 EN
. GPIO23 7 g  GPlO25 -
voo_5v3 (A GPI019 g 10 GPI0Z6 yo_3vs
GPIOT8 11 12 VDD_3V3
L GPI03 13 14 GPIO!
T e S GPIO16 15 16 GPID17
“2m HGPRDTOO7A o ,»-f GPI021 17 18 GP10Z2
: OUTZ s 0uTi It ) GP102 19 20 GPIO5
GOND 3 GPIDI2 21 22 GPIOIS
NC gl voo GPIOI5 93 24 GPI0O
N — - HPWR 25 26 GPI034
B 5T, 978 HPWR 27 28 VCC_6V
T T HPWR 249 i VBAT
77
GND
2. Components
Part No. Discription Parts / Valur
IC1 Magnetic Encoder HGPRDTO007A
Cl Bypass Capacitor 0.1uF
C2 Load Capacitor 30pF
C3 Load Capacitor 30pF
R1 Pull-up resistor 3.3kQ
R2 Pull-up resistor 3.3kQ
3. Wiring diagram
= N [
I ct@®
1
il
w v
R2 R1
G
Note) Follow the pin description back on M5Stack for wiring
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