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Introduction

In this report a simple microcontroller-based weather and air quality monitoring system will be
designed, this data logger will take measurements and store the data captured over a 14-day period.
The data acquisition system is intended for use by amateur weather forecasters to aid in their
predictions. Therefore, the designed system must be portable and adaptable for use at a variety of
monitoring sites and easy to set up —not requiring specialist equipment or specialisms to deploy.
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Jack Heeks

Component Selection

Measurement sensors

Temperature and Humidity Sensors
A combined temperature and humidity sensor has been selected as this reduces the number of
sensors required to operate the system and the cost does not increase due to the technology for
both being well known and widely used. This sensor also transmits data using 12C; reducing the
number of wires and connections needed for the PCB.

2111738

The sensor is made up of a capacitive polymer relative humidity sensor and PTA (Proportional to
Absolute) integrated temperature sensor. The capacitive polymer utilises a hygroscopic polymer
material which has a dielectric constant that varies with both ambient temperature and ambient
water vapor pressurePlin turn varying the voltage passing through the capacitor, the PTA integrated
temperature sensor is capable of measuring a range and accuracy acceptable for an amateur system,
and an update rate suited to the rate of change of temperature when measuring weatherl®.

\

<

)

—0

T9602-3-D-1"

455-p002'®

SP-003-2"

HPP809A0311"

12C / Analog

LoRa WAN (868/915/923
MHz) and Bluetooth v4.2
(Central/Peripheral)

Thermocouple,
RTD and Thermistor
compatible

Analog

+2% RH, £0.5°C, 14 bit
resolution

+/-3%RH, +/-0.4°C

+2.5% RH, £0.30C

+3 %RH, .1 %RH/°C

Low current
consumption 750 pA

2 x AA - replaceable

2x Open Drain 100 mA
max

1 mA

Designed for reliability in
harsh environments

Robust enclosure to
serve many varied

additionally
provide real-time

Temperature Coefficient
0.1 %RH/°C

configuration using
mobile application and
BLE

installation needs Dewpoint, Humidex, Sensitivity 26 mV/%RH
and Heat Index readings.
3.3VDCor 5.0VDC Simple wireless 2.8VDC-3.3VDC 12VDC

4 Core, shielded, Custom Laird M12 8-Pin Male Nominal Output at
double insulated and Connectivity antenna for | Connector 55%RH (at 5 VDC):
flexible cable 868, 915, or 923 MHz 248V

Ceramic chip antenna

for 2.4 GHz
£32.38 £61.64 £202.52 £85.56

Table 2 — Table of Temperature and Humidity Sensors
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Wind Speed and Direction Sensors

A combined wind speed direction sensor has been selected to reduce the number of sensors and
connections required and for ease of sensor mounting. The wind speed is measured by a rotary
encoder providing a pulse per second signal over signal and reference wires and the direction is
measured with a potentiometer providing an analog signal to the microcontroller. The selected
sensor is designed to be fed into a simple microcontroller circuit to be read and so will very easily
integrate into the system under design in this report. The other sensors found have no obvious easy
mounting method, is already integrated into an existing measurement system and will require more
work to use within the system being designed, or is a complex measurement sensor requiring more

understanding about how to use and operate and as such could get damaged more easily.

h “-__:‘

©
p o) =
of
e i
wms-231 AV-wspH? S-WCF-M003**! RS-CFSFX-*-2-EX!*¥

Dual 4 to 20 mA loops

Direction Output:
0-1KQ for 0-357°

Measurement Range: 0
to 170 mph

0~60m/s
(customizable)

Range: 0 to 360°

Mechanical Travel:
360" endless travel

Measurement Range: 0
to 355 degrees

0~359°

azimuth accuracy: + 3°

Resistance Tolerance:
+3%

Linearity Tolerance:
+0.5%

Accuracy: t7 degrees
Resolution: 1 degrees

Precision: £3°
Resolution: 0.01 m/s, 1°

accuracy: 1 mph or £ 3%

1 contact closure per
1.493m/s (zero bounce)

Accuracy: £2 mph or
15% of reading,
Resolution: 1.1 mph

+(0.2m/5£0.02*v)

12 Vac or dg; 50 mA 50W, 100Vdc max, 1A Integrated sensor and 10V ~30V DC
maximum display with ethernet

output
£1,126.00 £1,140.00 £470.04 £150.60

Table 3 — Table of Wind speed and Direction Sensors

Air Particulate and VOC level Sensors
The selected sensor is a dual air quality, VOC level measurement sensor with the 12C data protocol
allowing for multiple data variables to be collected and requested by the microcontroller more
efficiently. The SEN55-SDN-T is capable of collect many varieties of Particulate Matter, as well as the
VOC and NOx levels in the air, all with small tolerances.

d

PMS5003™!

SPs301°!

SEN55-SDN-T!*”!

AM1002[*
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PM2.5 Standard Precision for PM0.5, Precision for PM1, PM1.0/PM2.5:
Effective Range PM1 & PM2.5 PM2.5 0~100pug/m3: £10ug/m?
0~500 pg/m? 0 to 1000/cm3 0 to 100 pg/m3 101~500pug/m3: +10%
+/-100/cm3 +/-5 pg/m3 AND 5% m.v. | reading
1000 to 3000/cm3 100 to 1000 pg/m3 PM10:
+/-10% m.v. +/-10 % m.v. 0~100pg/m3: £25ug/m?
Precision for PM4, PM10 | Precision for PM4, PM10 | 101~500pg/m?: +25%
0 to 1000/cm3 0to 100 pg/m3 reading
+/-250/cm3 +/-25ug/m3
1000 to 3000/cm3 100 to 1000 pg/m3
+/-25% m.v. +/-25 % m.v.
Laser scattering principle | Laser Scattering Laser Scattering Laser scattering for

particle measurement
MOX for VOC
measurement

Resolution 1 p g/m?

VOC range 1 - 500 VOC
Index points
NOx range 1 — 500 NOx

Particle output
resolution 1pg/m?3
VOC output resolution 1

Micrometre (um)

PM1.0: 0.3-1.0pum
PM2.5: 0.3-2.5pum
PM4: 0.3 -4.0um
PM10: 0.3 —10.0 um

Index points ppb
Range of measurement Mass concentration size | Mass concentration size | Measurement ranges
0.3~1.0; 1.0~2.5; 2.5~10 | range range Particle: 0~5,000ug/m?

PM1.0: 0.3-1.0pum
PM2.5: 0.3-2.5um
PM4: 0.3 -4.0 um
PM10: 0.3 —10.0 um

VOC: 0~10ppm

Serial port / TTL level UART and an 12C 12C interface Digital output UART_TTL
3.3v interface
£28.25 £38.04 £27.16 £35.79
Table 4 — Table of Air Quality and Particulate Sensors
Sunlight Sensors - o
~ @
= Sovan §
[ e e
[ v - 5
. )
-
smp3 Davis 6450 - Solar SP Lite2?" SP-510-55*1

Radiation Sensor!?”

Max Operational
Irradiance 2000W/m?

Range 0 — 1800 W/m?

Max Operational
Irradiance 2000W/m?

0 to 2000 Wm2

additional cable

24 to 32 pV/W/m? Resolution 1 W/m? 60 to 100 pv,/W/m? 0.045 mV per W m-2
sensitivity

Analog or RS-485 data +/-5% of full scale plus Non-linearity (0 to 1000 | analog signal directly
output types 45 W/m? per 100' of W/m?)<25% proportional to radiation

Thermopile Sensor

Silicon photodiode
Sensor

Photodiode Sensor

Thermopile Sensor

285 to 3000 nm spectral
range

400 to 1100 nm spectral
range

400 to 1100 nm spectral
range

385 to 2105 nm spectral
range

Page 10 of 34
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Output 0-1V Output 1.67 mV per Output 0to 150 mV 0to 100 mV
W/m?
£1,104.00 £178.95 £145.38 £387.86

Table 5 — Table of Sunlight Intensity Sensors

UV Light Sensors

L 'ﬁ/
g

SM9568!%3]

AFBR-S20T1WUR4!

Davis 6490 — UV
Radiation Sensor!®!

Measurement range

Wavelength range:

LUTM-UP81162PI2¢!

Dose Range: 0 to 199

Current consumption:

19.9MEDs; 1IMED above
19.9MEDS
Index: 0.1 Index

0~4000 uW/cm? 190 - 1000nm MEDs <50 mA

Index Range: Oto 16
Resolution: Resolution (FWHM): 2 — | Resolution Sensing distance:
1 uW/em? 5.5nm Dose: 0.1MEDs up to £12.5mm

Measurement accuracy:
+ 7% FS

Wavelengths Accuracy
1/3 of the spectral
resolution

Accuracy

Dose: +5% of daily total
Index: 5% of full scale
plus 0.5 UV Index per
100" of additional cable

Working range 8 mm ...
20mm

Sensor maximum
capture angle 90°

Detector TCD1254 with
2500 pixels

Silicon photodiode
Sensor

Light spot size:
2mmx 2.5 mm

Wavelength Range:
UV-A 320~370nm
UV-B 240~320nm

190 nm to 1000 nm
spectral range

280 to 360 nm spectral
range

Receiving range:
450 nm... 750 nm

RS485 or Analog voltage

16-bit UART output

Output (0 to 2.5VDC);

Output current lpae

or current output types 150 mV per UV Index, <100 mA
364 mV per MED/hour
£27.89 £1,763.93 £354.51 £335.83

Table 6 — Table of Ultraviolet Intensity Sensors

The sunlight and ultraviolet sensors can be mounted together using a specially designed
commercially available mounting bracket to hold both sensors. These are comprised of photodiodes
with an amplifier to send a voltage value with a strong signal to noise ratio. The photodiode sensors
have been selected as they consume less power than thermopile sensors which is ideal for the use
case of a battery-operated system and photodiodes are cheaper than thermopile sensors reducing

the cost of the system for an amateur when looking to procure sensors.?”
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Global Positioning System

The GPS antenna — SM-1575-2C-WHT-180'%%! — selected has a mounting bolt
through which the SMA cable passes, this allows the antenna to be mounted to
the case easily and reduces the complication of mounting an antenna externally
and routing the cable to the enclosure. The mounting this offers removes the
need for other connectors which ensures the signal received is transmitted the
data to the receiver module with as few adaptors to ensure signal integrity. Mounting the GPS to the
enclosure allows for ease of set-up for the user and keeps the unit a small
package with fewer attachments. The GPS receiver — GPS-31-FS1?! - is an inch
square surface mount, low voltage receiver which communicates NMEA strings
via SPI or UART. This receiver was selected because of its small footprint and
utilises conventional data communication protocols, these factors make it ideal
for the intended use case as it can be designed into the PCB designed for the
system reducing the number and length of wires making up the system as this
receiver would then only require a PCB mount SMA connector for the GPS antenna.

Page 12 of 34
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Microcontroller Selection

Requirements
3 analog inputs
4 digital inputs

4 pins for a microSD card

4 pins for power

1 pinfor a power button

1 pinfor an LED output

2 pins for debugging device
2 pins for programming

4 pins for 10 device

23 pins minimum
1kB RAM minimum

3 Analog input pins minimum
USB communication

SPI communication
I12C Communication

@ MICROCHIP

MICROCHIP ADVANCED PART SELECTOR

2111738

Parameter Search
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Figure 2 — Microprocessor Selection P
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Selected Microcontroller

Using the Microchip Advanced Part Selector®® the parameters required for the system indicated the
PIC18F family of microcontroller as the most appropriate chipset. The PIC18F chips are more
powerful than the PIC16 series that came before, the 18F series can be programmed using C/C++
language unlike other PIC series due to larger memories and are also faster operating®®s. The PIC
selected is the PIC18F67150.

The selection has been determined by the system requirements and the properties as follow. The
PIC needs to host 12C, SPI, UART, and USB meaning it needs have many pins to allow for all of the
data protocol methodologies. It also has many analog pins for the analog sensor inputs.

These factors allow for slight expansion from the current sensor set as this size of PIC is the correct
size for the system under development, but will have excess GPIO pins. This PIC offers large memory
availability; 32kB FLASH, 256 or 1024 EEPROM, and 2048 RAM. These options allow for firmware
upgrades to be made to allow for more complex software.

Connectors

Mil-Spec circular connectors will be used for external connections as these types of connector are
designed for harsh environment applications; designed and manufactured with wide temperature
ranges, and most have salt spray resistances, high impact strength, and are constructed of hard-
wearing materials. They are also keyway polarised and threaded to allow for ease of use during
setup of the weather station. Mil-spec connectors also offer many mounting methods, large pin
counts, connector protective covers for plugs and receptacles, and gromets and gaskets to allow for
IP ratings up to 69.

Shrouded Molex PCB header pins are used for the power and sensor connections on the circuit
board, to ensure user safety from electric shock and to utilise a mating interface, similar sensor
types and requirements will be grouped into the same headers to reduce the number of headers
needed and avoid have many headers with the same number of pins. A microSD holder and USB-A
connector will populate the PCB for data communication and storage, these connector types were
chosen for the small footprint desired in embedded system applications. Along with the sensor
connectors a panel mount USB-A female to USB-A female connector has been included to connect
the PIC to the computer when it is time to read the recorded data.

Enclosure

A Peli 1200 Protector Case®*” is the most appropriate option to house the
PCB, battery, and external connectors for sensors. The ridge of the
enclosure offers protection to the protruding connectors.

The pelicase offers a Waterproof, Crushproof, Dustproof, Corrosion-proof
enclosure rated to IP67.

Pelicases offer two integrated padlockable hasps to ensure the contents

remain safe if left. Figure 4 — Selected Enclosure

The case comes with base foam, Pick ‘N’ Pluck™ foam and convoluted lid
foam to allow for protection of the condense of the case.
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Circuit Design
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Figure 5 — Circuit Functionality Block Diagram
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Figure 6 — Proteus Circuit Schematic
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Easy-PC

TR
¢

i

Figure 7 — Easy-PC Circuit Schematic

PCB

The PCB required only two layers due to few components, the power management is split over two
layers due to the many voltages required by the sensors and microcontrollers. The different voltages
are placed near to the input power to separate the power needed more efficiently and distribute the
variety of voltages to the necessary pins. 12V is the input power and a 5V regulator is used to step
down the voltage to 3.0V and 3.3V to minimise the thermal dissipation of reducing the voltage from
12V to ~3V. Each of the voltage regulators have been placed with tantalum capacitors as close to the
pins as possible to reduce noise at the input and output.

The smaller power areas are poured on the top copper layer, while the bottom layer hosts the 3.3V
pour area. The 3.3V pour needed to be on the bottom layer as it had to cover a larger area and
greater number of pins to power the microcontrollers, 12C bus and sensors. The final pour area is an
RF ground area to reduce crosstalk which covers all of the ground pins available and surrounds the
RF signal.B7!

Both copper layers have a OV copper pour to ensure signal integrity and provide a shorter return
path. The manufacturing costs and warping from thermal expansion are both reduced by this copper
area. This also acts to shield the signal tracks from electromagnetic interference.

The passive and discrete components are grouped by function and placed for the most direct and
efficient signal flow!**. IC decoupling capacitors have been placed as close to power pins as possible
based on manufactures data sheet, the signal clamp components are placed together ensuring
signal integrity®®. And wherever possible manufacturer application circuits have been followed to
ensure the correct operation of all components.
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Figures 8 and 9 shown below are screen captures of the two PCB layers showing the design
techniques utilised. Multiple layers have been utilised to distribute power and signal tracks using
vias to route tracks between layers for surface mount components. All connectors are through hole
for longevity through multiple uses. And two LEDs have been added to the PCB to allow users to
identify that the circuit is working as it should be, one is to inform the user that the Microcontroller
circuit is operating correctly and the other is a status indicator for the GPS receiver chip to report the
operational state.
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PCB Top Layer
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Figure 8 — PCB Top Layer Top Copper

2111738
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PCB Bottom Layer

Figure 9 — PCB Bottom Layer Bottom Copper
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Software Structure
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Figure 10 — Code Structure Flowchart
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2111738

Data Structure

Temp + Humid | Wind Speed |Wind Direction| Air Part+VOC Sun uv Deliminator

2 Bytes 1 Byte 1 Byte 4 Bytes 3 Bytes 3 Bytes
1Byte
Temp+ Humid | Wind \Wind Direction | Air Part + WOG Sun &P [Datiminatar
SEPEGA $GPGLL $GPGSA 3GPSV SGPRMC [SGPVTE $GPZDA
2 Bytes. 18yte 1Bye 48y 3 Bytes 7 Bytes 63 Bytes 67 Bytes. a1 Bytes 104 Bytes 56 Bytes 45 Bytes
525 Bytes 18y

Figure 12 — Data Structure
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System Improvements

Listed below are some areas that should be addressed for a future system redesign as these points
would all improve the system functionality and usability.

Reducing the number of voltages required run system would greatly simplify the circuit
board and reduce the number of voltage controlling devices required.

Reduce number of connectors of the same number of connections; there are numerous 4
pin connectors required for this system. Some sensors could be combined to a single con-
nector provided a watertight seal could be achieved.

A potential signal enhancement method could be voltage followers on the PCB to ensure sig-
nals received are improved after travelling down the wire form the sensor.

Consideration should be made to potentially replace the photodiode sunlight and UV sen-
sors with thermopile alternatives as photodiodes have a more limited dynamicrange and
saturate quicker when compared to thermopiles, they also require adjustments for tempera-
ture changes and calibration to assure consistency and longer-term accuracy and stability
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Sensor Data Sheets
Air Particulate Sensor

SENS55-SDN-T
SM-UART-04L
SN-GCJAS
SPS30

Sunlight Sensor

Davis 6450
SPN1
SP-510-610
SP-Lite 2
cmp3

UV Sensor

Davis 6490
AFBR-S20T1xxx
LUTM-UP81162P
SM9568

UV Light Sensor
Wind Direction Sensor

S-WDA-M003
Wind Speed Sensor

S-WSB-M003
SEN0483

Wind Speed and Direction Sensor

WMS-23
05103 Wind Monitor

Temperature and Humidity Sensor

T9602-3-D-1

Sentrius™ RS1xx Series
HTM2500LF

SP-003 and SP-004 Series

GPS Antenna

SM-1575-2C-WHT-180
GPS-01
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IC Datasheets
Microcontroller
PIC18F67J50
Voltage Regulator

LM1117IMP-3.3/NOPB
LM1117IMP-5.0/NOPB
LP2985-NIM5-3.0/NOPB

GPS Receiver

GPS-310FS
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