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Motivation

* Environmental conditions monitoring need (multiple °
experimental areas and laboratories); ’)»»’ 'I

nuclear physics

* Measurements performance impact (temperature,
humidity);

* Monitoring system: [om—"/ E . — T T
* Alert users of unfavorable conditions; g '
* Flexible.
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Block diagram

* PCinterface;
* Physical layer (RS-485), application layer: Modbus;
* Sensor modules.

RS-485
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Communication

* Physical layer: RS-485.
* Differential serial bus;
* Works in long distances in industrial environments.

* Application layer: Modbus.
* Addressable protocol, each server (sensor) has a unique address;
* Can read values from sensors (e.g. temperature) and control actions (e.g. relay).

/// RS-485
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ELI-NP custom sensor module design goals

e Basic functionality built in: - {

RS-485

* Sensors: Temperature, humidity, light level,

 Communication: RS-485 transceiver, USB for firmware update.

e Arduino-compatible platform

 Flexibility in adding custom sensors:

e Expansion headers:

* Sensor, e.g. pressure, current probe, door/window open sensor, PIR

motion detector, gas sensor, dust/particle sensor, liquid level;

e Control, e.g. relay, light, servo.
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ELI-NP custom module prototype

* MAX-485 transceiver;

* Application can read photoresistor value and control LED through Modbus commands.

UART

PWM pin ADC pin




ELI-NP custom module prototype

finclude <ArduinoRS485.h> // ArduinoModbus depends on the ArduinoR3485 library

finclude <ArduinoModbus.h>

const int inputPin = A0; // ADC pin (connected to the photoresistor)
int sensorValue = 0;
int outputValue = 0;

const int pwmpin = 11; // LED2 connected

* Easy to code (ArduinoModbus.h); i pmvatue = 07

void setup() {

//{start the Modbus RTU server, with (slave) id 1

if (!ModbusRTUServer.begin(l, 3600))

* 2 Holding Registers: wRile (1)) “——Define Arduino as a Server

» Store data (e.g. light sensor,
temperature, humidity)
* Control (e.g. relay, servo, light)

// configure pins
pinMode (inputPin, INFUT); Configure Coil and Registers
pinMode (pwmpin, CUTPUT); // LED2
(132, oUTEUT); /7 LEDL

pinM

A

ModbusRTUServer.configureCoils (0x00, 1); // configure a single coil at address 0x00

ModbusRTUServer.configureHoldingRegisters (0x00, 2); // configure 2 Holding Registers at start address 0x00

void loop() {
ModbusRTUServer.poll(); // poll for Modbus RTU regquests

sensorValue = analogRead(inputPin); // store value from the photoresistor

int coilvalue = ModbusRTUServer.coilRead(0x00); // read the current value of the coil

Operate LED1
(Control functionality) if({coilvaluse == 1) {::Ligi:al'ﬁri:e{l?;, HIGH);} // LED1 (pinlS}

else {digitalWrite(1l3, LOW);}
ModbusRTUServer.holdingRegisterWrite (0x00, sensorValue); // write first Holding Register
pwmvalue = ModbusRTUServer.holdingRegisterRead (0x01); // assign pwmvalue with value stored in second Holding Register

analogWrite (pwmpin, pwmvalue); // LEDZ (pwmpin) 10



ELI-NP custom module schematic:/“jaders Photoresistor

ISP pins

1 _avs
gpFemale-2.54_1x10 —SV P4

\ ) +5V 1 Header-Female-2.54_1x8
r ,@25421-.-;\4-2)@ T e géé .
_ . E ER
e [ % iz et <] PB3 A D! o TORESPDV-PY
RESE 36 1 = 11;%5 g w0
2 2 4
= RX P 7:'\7
licated Ardui functionali f
* Replicated Arduino nano functionality o =%
GND GND £2
: +H5V o=
. . Microcontroller: v 2
(voltage regulation, USB-UART bridge for Sy My
) PD3 ﬁ tPCINT19/0C2B/INT1)PDY PD2(INTO/PCINT1E) 34 1K RG e .
PDi (PCINT20/XCK/T0}PD4 PDI(TXD/PCINTL7) (2 x| |5 A +{5DA VSS 1
g e J GND EDOERXE cinTie) 33 — RX 4 ADDR RS
pF L GND PC6(RESET#/PCINT14) [ — D43 ALERT  NRESET |2
. | 2 GND PC5{ADCS/SCL/PCINT13) %pr( A > SCL VDD (2
f| rmware d t . Jvec _ PCA(ADCA/SDA/PCINT12] [5E<_Jad EPAD [2
u p a e ) C15 2yt 4 (FCINTS/XTALL/TOSC1)PBS PC3(ADCE/PCINTLT) (B — ~ -
220F S5 EPCINT?’:.(TALZ_.-'TOSCZ}PB; PC2(ADCZ/PCINTL0) (5 2 sy N s
J I f Zep ] T4 (PCINT21/0C0B/T1)PD5 PCI(ADC1/PCINTE) (E3¢Ta1 oV : o
PD6 || Eggm%%igﬁgﬁé?mms Pc-:](ADco;PCIANDTg?- 5 40 ] - | TS-1N187A-B-A-B / L
?D7 JATNT : A7
- PE0 [ >42 EPCINTO{(ELKO.EICP'.]PBU vee B - , L Temp Sensor GxD
GND PBl [1o13 (PCINT1/OCIA)PBL AREF (28— c2 GND
* MAX-485 transceiver; RS (e o] T S =T B
- B3 JOC2A/ M )PB3 AVCC 5= 7 -
V4 PB4 [ 16 (PCINT4/MISO)PB4 PBS{SCK/PCINTS) ;TG—J—m =
B3 |_ioonF
= L = s5v MAX-485
z 1 GRD GND
=

[
w;ﬂ
=)

D2
MBRO0520_C699111

* On-board temperature and humidity sensor AR
C5 = 33-}%‘—4 RE# B % i| fi—ﬁ o
connected to 12C bus; WQE e = 5 2k 3

us
CH3406
LEND v

@
2
gl

i

L'

B
S
-

M USB1 - 4& 1. ca =
* On-board photoresistor; N B gl B O
o ! cpe iz —/
. B Hg_ DLDP:[ I -V MBRo520_CE9111
—%DEF 33V Xo Crosfk T vuss
* Expansion headers for future development. : it + - !I\
o ‘Zz“”ZI%DrF 1 . Voltage
T : o USB 1 ! 1™ regulator

11

2

0O

(@)

-5

O

e

)

€
@
g



ELI-NP custom sensor module PCB

* Copper pour — GND; - )

nuciear physics

e 2.54mm headers for expansion; EDcE

* Optional bus termination

resistor via jumper;




ELI-NP custom sensor module PCB

Header

ISP header;
J
Setup button; HMPEL

Mounting holes;

PCB cut out (around sensor).
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Conclusions

* ELI-NP sensor implementation:
 Module design;
* Breadboard prototype;
e Basic PC User Interface;

e Outlook:
* PCB manufacturing and components placement;
* Finishing Firmware and PC User Interface;
* Address assignation protocol.



Thank you!



