Applicaton of USB Serial Communication to Radon Measuring System
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Abstract— The USB serial communication such as USB-Serial-for PC and USB-Serial-for-Android is studied in order to monitor
the measure radon data using a PC screen or a smart phone screen. Through some experimental studies, we believe that the USB
serial communication module is useful for checking the data transmitted to a PC from a microcontroller.
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. INTRODUCTION

Radon is a natural, inert, invisible, odorless, chemically
inactive, and radioactive gas emitted by the earth. It is produced
by the decay of uranium ore, such as radium, actinium, or
thorium. There are many commercial instruments and
techniques available for measuring radon indoors. In [1], the
system is developed which monitors the radon level, using a
PIN diode for detecting the radon particles and a data
processing module with Wi-Fi communication capabilities for
the transmission and management of measurement results. In
[2], a radon counter using PIN photodiode radon sensor
module was implemented. Through experimental studies, they
found that the PIN photodiode sensor module could be used
for a radon counter implementation. There is also much
research regarding the measurement of radon concentration in
soil gas, water, and indoor air. In [3], results are presented of a
preliminary study of radon concentration in soil gas. For the
study, AlphaGuard equipment was used to obtain samples
from 64 locations within 13 urban areas in Bulgaria from 2008
to 2012.

For our experiments, we used a radon measuring system
with USB serial communication. This radon measuring system
was used to measure the radon concentration of indoor air in
houses and workplaces.

II.  RADON MEASURING SYSTEM

A radon measuring system was implemented using Arduino
MCU, LCD display, PIN photodiode, plastic chamber, and
low-cost ICs (Figure 1). There are a LCD module, Arduino
MCU and PIN photodiode, a plastic chamber attached to PCB.

Figure 1. Implemented radon measuring system.
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I1l.  UsB SERIAL COMMUNICATION

A bidirectional wire communication module was developed
in order to download the measure radon data from the radon
measuring system to PC. In this paper, a USB-UART serial
communication method was chosen.

A. USB-Serial-for-PC

Arduino/Genuino Uno is a microcontroller board based on
the ATmega328P. It has 14 digital input/output pins (of which
6 can be used as PWM outputs), 6 analog inputs, a 16 MHz
quartz crystal, a USB connection, a power jack, an ICSP
header and a reset button. It contains everything needed to
support the microcontroller; simply connect it to a computer
with a USB cable or power it with an AC-to-DC adapter or
battery to get started [4, 5, 6, 7].

The schematic diagram of the USB communication
between a PC-USB converter and a MCU board is shown in
Figure 2. The spec. of the microcontroller Atmegal6U2 which
is used for PC-USB conversion module is shown in Figure 3.
For connecting to PC using USB cable, it is connected to
COM port of PC through “USB to UART bridge” as Figure 4.
The USB to UART Schematic diagram is shown in Figure 5.

B. USB- Serial-for -Andriod

This is the case when a smart phone is used instead of a PC.
The advantage of this approach is that the PC to USB module
can be developed using OTG cable and Android App. Figure 6
and Figure 7 show an Android App program and a test for
Android connection, respectively.

IV. DATA TRANSMISSION TEST

Figure 8 shows that the data of main system are transmitted
to a PC via USB cable and they are output on the serial monitor
window. When the serial monitor window is executed on a PC
and the data transmission menu of a system is run, all of the
data of a system memory such as measuring time, measured
radon concentration value are checked to be output on the serial
monitor screen of a PC.

V. CONCLUSION

A radon measuring system was implemented using a PIN
photodiode. The USB serial communication such as USB-
Serial-for PC and USB-Serial-for-Android were studied in
order to monitor the measure radon data using a PC screen or a
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smart phone screen. Through some experimental studies, we
believe that the USB serial communication module is useful for
checking the data transmitted to a PC from a microcontroller.
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Figure 2. USB-Serial-for PC Communication

ATmega16U2 Features

» Advanced RISC Architecture
— 125 Powerful Instructions
— Most Single Clock Cycle Execution

— Up to 16 MIPS Throughput at 16 MHz
» Non-volatile Program and Data Memories

—512/512/1024 EEPROM — 512/512/1024 Internal SRAM
— Write/Erase Cycles: 10,000 Flashy 100,000 EEFROM

— Data retention: 20 years at 85 €/ 100 years at 25°C

— Optional Boot Code Section with Independent Lock Bits

after reset True Read-While-Write Operation
— Programming Lock for Software Security

» High Performance, Low Power AVR® 8-Bit Microcontroller

— 32 x 8 General Purpose Working Registers — Fully Static Operation

— 8K/16K/32K Bytes of In-System Self-Programmable Flash

In-System Programming by on-chip Boot Program hardware-activated

« USB 2.0 Full-speed Device Module with Interrupt on Transfer Completion
— Complies fully with Universal Serial Bus Specification REV 2.0
— 48 MHz PLL for Full-speed Bus Operation : data transfer rates at 12 Mbit/s
— Fully independant 176 bytes USBE DPRAM for endpoint memory allocation
— Endpoint 0 for Control Transfers: from 8 up to 64-bytes
— 4 Programmable Endpoints:
IN or Qut Directions Bulk, Interrupt and IsochronousTransfers Programmable
maximum packet size from 8 to 64 bytes Programmable single or double buffer
— Suspend/Resume Interrupts
— Microcontroller reset on USB Bus Reset without detach
— USB Bus Disconnection on Microcontroller Request - Peripheral Features
— One 8-bit Timer/Counters with Separate Prescaler and Compare Mode (two 8-bit PWM channels)
— One 16-bit Timer/Counter with Separate Prescaler, Compare and Capture Mode (three 8-bit PWM channels)
— USART with SP1 master only mode and hardware flow control (RTS/CTS)
— Master/Slave SPI Serial Interface
— Programmable Watchdog Timer with Separate On-chip Oscillator
— On-chip Analog Comparator — Interrupt and Wake-up on Pin Change
= On Chip Debug Interface (debugWIRE)
« Special Microcontroller Features — Power-On Reset and Programmable Brown-out Detection
— Internal Calibrated Oscillator
— External and Internal Interrupt Sources
— Five Sleep Modes: Idle, Power-save, Power-down, Standby, and Extended Standby - 1/O and Packages
— 22 Programmable 170 Lines — QFN32 (5x5mm) / TQFP32 packages - Operating Voltages
— 2.7 - 5.5V « Operating temperature
— Industrial (-40°C to +85°C) - Maximum Frequency
— 8 MHz at 2.7V - Industrial range
— 16 MHz at 4.5V - Industrial range

Figure 3. The spec. of the microcontroller Atmegal6U2
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Figure 4. USB to UART bridge diagram
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Figure 5. USB to UART schematic diagram
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Figure 6. Android App program

IJRITCC | January 2017, Available @ http://www.ijritcc.org




Hardware
Hardware
Hardware
Hardware
Hardware
Hardware
Hardware
Hardware
Hardware
Hardware
Hardware
Hardware
Hardware
Hardware
Hardware
Hardware
Hardware
Hardware
Hardware
Hardware
Hardware
Hardware
Hardware

Input
Input

- Input

Input
Input
Input
Input
Input
Input
Input
Input
Input
Input
Input
Input
Input
Input
Input
Input
Input
Input
Input
Input

L

3 Android USB Serial Monitor . 3 Serial Settings

abcdefg Write

abcdelg Baudrate
ofg 00

Data bits

Parity check

Stop bit
1

Flow control

Break

Figure 7. Test for Android connection

=

[File Edit Sketch Tools Help

void setwp() {
Serial.begin(9600) ;
Seriall.begin(9600) ;

1 loop () {

t sensorValue = anal

Serial.p
delay(1000) ;

n(sensorValue);

Leonardo USB VCP
Leonardo USB VCP
Leonardo USB VCP
Leonardo USB VCP
Leonardo USB VCP
Leonardo USB VCP
Leonardo USB VCP
Leonardo USB VCP
Leonardo USB VCP
Leonardo USB VCP
Leonardo USB VCP
Leonardo USB VCP
Leonardo USB VCP
Leonardo USB VCP
Leonardo USB VCP
Leonardo USB VCP
Leonardo USB VCP
Leonardo USB VCP

Input A0: 333
Input A0: 334
Input A0: 328
Input A0: 324
Input A0: 330
Input A0: 33§
Input A0: 332
Input A0: 324
Input A0: 32§
Input A0: 332
Input A0: 334
Input A0: 330
Input A0: 323
Input A0: 324
Input A0: 333
Input A0: 336
Input A0: 330
Input A0: 32§

L T T T T T T S SO S S S B B S B

Autoscral

dia 12

Read({A0);

Seriall.pr 2U4 Hardware UART - Input A0: ")
Seriall.println(sensorValue);

ay (1000)
Serial.print(“Leonardo USB VCP - Input A0: ")

3 Display Settings
SETTING

Font size

Display
hor

Read Linefeed Code

Write Linefeed Code

Nolineending | |9600 baud

Figure 8. Data transmission test for wire communication
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