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Abstract

This document looks at weather monitoring stations, comparing options available on the market and
going on to select a range of suitable sensors to meet a specification, including the necessary
calculations to pick a microcontroller, storage and power requirements. The document concludes
with full circuit and PCB designs and a full costing. Everything bar the mechanical design has been
included. Finally a retrospective improvements section has been added. noting weight savings and
renewable energy considerations.
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Introduction

The following assignment focuses on the design of a portable weather station, with logging
functionality. The system is designed primarily for amateur weather forecasters, for use in a variety
of locations. The key metrics of the system will be:

e GPS Position

e Air borne Particle count
e Temperature

e  Wind Speed

e Wind Direction

e Sunlight Brightness

o UV levels
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e Humidity

In order to get a better understanding of the available systems on the market. and their different
features a brief literature review is conducted, before moving onto selecting suitable sensors to
measure the parameters, a suitable microcontroller will also have to be selected considering key
factors such as speed /O capacity, memory. and the system power requirements. Once the selections
have been made a circuit diagram will be created, along with a PCB for the system.

1. Literature Review

A wide range of weather stations are available, from basic setups designed for the home user to
professional systems used by the MET office and other bodies.

One of the changing features as you move from lower to higher end products apart from the cost is
the modular design of the systems. A basic system generally offers the common metrics such as wind
speed and direction, rainfall, pressure and humidity but with no option to increase the sensors. The
higher end systems usually centre on a core unit, all the desired sensors can be added onto this,
ranging from Pyranometers to Snow depth sensors with other variations.

Felix Technology is onc of the leaders in the ficld offering a range of environmental systems to suit
different environments, along with other ranges of sensors used in the oil and gas industry, and
medical. They offer small units designed for Meteorological balloons, and larger systems designed
for the marine environment or airport monitoring. As with all systems the application dictates the
requirements, so each system can be tailored to the individual specification.

Campbell Scientific specialise in a range of data logging applications, from monitoring structural
applications such as bridges and dams, through to energy applications to survey potential sites for
renewables such as solar panels or wind turbines. Along with the data logger at the centre of these
systems they ve developed a range of sensor packages for every eventuality, with meteorological
data being the focus: they offer options all the way from entry level systems right up to fully fledged
research grade systems. along with tailoring them to suit the specific environment. ¢.g. deserts.
arctic, coastal etc. If one of their systems doesn’t quite meet the requirements, they're also able to
build custom systems, including the required sensors and components (o suit the application.
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Table 1 - System Comparison
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Overview

The MetPRO™ is a highly accurate, durable, research-grade
meteorological monitoring station, designed for a wide
variety ol demanding environmental applications. This
portable tripod station is suitable for both long term and
temporary deployments on flat or uneven terrain.

I his system includes high-quality sensors, which are needed
for defensible data in environmental research, as well as
critical operations dependent on continual weather
monitoring. Meteorological variables measured can be used
to calculate many weather-related algorithms such as

Benefits and Features

) Delensible weather data obtainable with high-accuracy
instruments

) Remote system deployment for unatlended long-lerm
monitoring

)} Low-power system design, operaling on a battery
recharged by a solar panel

Technical Description

I'he PRO-series stations olfer new options for those looking
to deploy a complete weather station solution for many
tesearch, operational, and meteorological applications. Al of
these stations are designed to be research-grade, although
there are some differences that may affect your selection.
Ihe MesolPRO and MetPRO stations are built using Lhe best
blend of components for accuracy, durability, and refiability.

ESD 2 30" Dec 2017

Reliable
Weather
Monitoring

evapolranspiration, growing-degree days, wind chill, dew
point, and other weather-related parameters,

The MetPRO™ can be ordered with the pans shown above or
as a complete prewired, preprogrammed, preconfigured
system for an additional cost.

This system is also fully customizable. To meet the needs of a
spexific application, sensors, measurement peripherals,

and communications devices can be added. Contact a
Campbell Scientific sales engineer Lo design a custom
solution.

) Durable systerm components for reduced maintenance
overhead

} Remote IP-based modem communication supported

) Custornizable systemn for specific application needs

Ihe WxPRO uses quality instruments at a lower price for
researchers on a tight budget.

The MesoPRO is intended for applications where having a
30 ft (10 m) Lower is desited lor permanence, as well as Lhe
opportunity to make measurements at many different
heights. Common users of this configuration are operators of

Figure 1 - MetPRo Datasheet
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Product Models to Satisfy Multiple Weather Needs—

Now available on iTunes — OnSiteWX

The innovative App for real-time weather datal Mmens anman
ek Al
120WX 220WX
ApparentWind Model  Apparent & Theoretical
Wind Model
Recommended for Recommanded for
Stationary Moving Vessel
Applications Applications
Apparent wind speed and angle g v
Theoretical wind speed and direction v
Barometric Pressure " v
IPX6 waterproof rating 4 v
Air temperature plus lculated wind chill " s
Internal GPS position, speed over ground, course over ground v
Thee-axis solid-state compass with dynamic stabilization: v
Better than 1° static compass accuracy
Bost-in-class 2° dynamic compass accuracy
Three-axis accelerometer for pitch and roll 4
Three-axis rate gyros provide rate-of-turn data v
Best-in-class pitch and roll accuracy s
Optional field-serviceabla relative humidity ! s
Calculated dew point
Calculated heat index
Optional haater and upper ring v v
Output options include: v v
NMEA 0183
NMEA2000*
- - WeatherCaster™ Software - -
Developer Assistance Field Installation Assistance
- Enable/disable functionality - Enable/disable functionality S
« Optimize communications bandwidth « Sensor orientation ® 72 mm (2.837)
NMEA 0183 (RS232, RS422) « Compass calibration
+ Change sampling rate (output interval) + Temperature offset
) - Select spedfic device on a NMEA2000* E
FLE ray < .
+ Marms for wind speed and barometric s E
pressure = E
- Altitude offset £ g
= More accurate GPS position in 2D mode -
« More accurate BP reading =
| o5 mm
n.rm

Figure 2 - WS Datasheet
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* Backlt LCD displays temperature (indoorfoutdoor in °F or °C), humidity
(indoor/outdoor), barometric pressure, wind, rainfall, dew point, windchill, date/time,
short range forecast, UV index and light measurement

& Bar graph shows 12 or 24-hour history of barometric data

= Wind sensor provides information on wind speed (mph, m/s. km/h. knots, Beaufort),
gust, and direction

e Customisable weather alarms (high and low for each variable)

e Storm waming

# User adjustable measuring intervals

e Connects to your PC via USB and comes with software for easy downloading and
charting. Software also allows uploading to websites for displaying local weather
conditions

e Wireless sensors transmit data up to 100m (line of site) back to LCD display

* Low power consumption

LCD is wall hanging or free standing

Solar panel for outdoor sensors

Specifications:

* Qutdoor temperature range — -40.0°C to + 65.0°C (40°F to +149°F)

* Indoor temperature range — 0°C to + 50.0°C (32°F to +122°F)

* Humidity range -- 10% to 99% (1% resolution)

* Rain volume display — 0 to 9999mm, resolution 0.3mm (if rain volume < 1000mm) or
1mm (if rain volume > 1000mm)

* Wind speed — 0 to 160 km/h

« Barometric pressure — 300hPa to 1,100hPA (inHg, mmHG or hPa) with 0.1hPa
resolution

* Light — 0 to 400k Lux

UV Index — 1 to 12

* Transmission range — up to 100m (330 feet) line of site

Power consumption - receiver 2 x AA batteries, transmitter 2 x AA batteries

Transmission frequency - 433MHz

* Data storage capacity --- 2 weeks at 5 min intervals up to 3 months at 30min
intervals

Alarm duration — 120 sec

Figure 3 - WS3083 Data Sheet
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Cabled Vantage Pro2™
& Vantage Pro2 Plus™ Stations

The Vantage Pro2” (# 6152C) and Vantage Pro2” Plus (# 6162C) cabled weather stations include two components:
the Integrated Sensor Swite (ISS) and the console. The ISS contains the sensor interface module (SIM), rain collector,
an anemometer, and a passive radiation shield. The Vantage Pro2 console provides the user interface, data display,
and calculations. The Vantage Pro2 Plus weather station includes two additional sensors that are optional on the
Vantage Pro2 and purchased separately: the UV Sensor and the Solar Radiation Sensor. The console and ISS are
powered by an AC-power adapter connected to the console. Batteries can be installed in the console to provide a
backup power supply. Use WeatherLink® to let your weather station interface with a computer, log data, and upload
weather information to the Internet. The 6132C and 6162C models rely on passive shielding to reduce solar-radiation
induced temperature errorz in the outside temperature sensor readings.

Integrated Sensor Suite (ISS)

Dparating Temparahare . ... ...cccesoissesinsnonins -40° to +150°F (-40° to +85°C)
MNon-operating Temperature . .......... PR -40° to +158°F (-40° to +70°C)
LA 1 R N R S P S mA (average) at 4 to & VDC for 1SS only. 10 mA sverage for both
console and 155
ERnnEelars, SIENEOr. . . o i e s e miswe s Modulsr RJ-11
L e S ) R —— N 4-conductor, 26 AWG
Cable Length, Anemometer. . ... ...........o0uuuun 40" (12 m) (included); 240" (T3 m) (maximum recommended)
Mote: Maxl playable wind 35 the lzngth of e3ble Incrazses. 3t 140 (42 m) of 2able, tha maximum wind spaed meplayed ks 135 mph (S0
mVE); at 24T (73 m), the maximum wind speed displayed Is 100 mph (34 mia).
Wind Speed Serses . oooornnaniorsinsnonminas Solid state magnetic sensor
Wind Direction Sensor .. ... ... _ .. ... _.._....... Wind vane with potentiometer
FanGollscior TYps .5 oo anb et Sl Tipping bucket, 0.01" per tip (0.2 mm with metric rain adspter), 33.2in’
(214 cm’} collection area
Temperature Sensor Type. .. ... ..o vvnrinnnnanan PN Junction Silicon Diode
Relative Humidity Sensor Type . . ... ... ... ooun.s Film capsacitor element
RS MSlesIal oo s s s Uv-resistant ABS plastic
Sensor Inputs
REFiltering ........cccivnceeirninnaanncens RC low-pass filter on esch signal line

ISS Dimensionsinot including anemometer or bird spikes):

Wantage ProZ with Standard Rad Shield . ............ 14.0" x 9.4" x 14.5" (356 mm x 220 mm x 368 mm)
Vantage Pro2 with Fan-Asprated Rad Shield. . ........ 20.8"x 9.4" x 16.0" (528 mm x 230 mm x 408 mm)
Vantage Pro2 Plus with Standard Rad Shield . . ... .. .. 143" % 9.7" x 14.5" (363 mm x 248 mm x 388 mm)
Vantage Pro2 Plus with Fan-Aspirated Rad Shield . .. . . 21.1"x 9.7" x 16.0" (538 mm x 248 mm x 408 mm)

Figure 4 - Vantage Pro2 Datasheet
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Precipitation Measurement Performance

ESD 2
lecnnical vata
Available  Rain Wind Pressure, Analog  2xmA
options speed,  Temperatwre, inpuls  outputs
Wind Relative
direction  Humidity
WXTS3l  w Collecting area
WXTS32 v v Output resolution
WiTs33 v v Field for daity
WXTS34 v Rain
WXTS3S v v Duration
WXTS36 v v v v
Duration outpul resolution
Intensity
Barometric Pressure Measurement Performance
Observation range 600 .. 100 hPa Intensity observation range
Accuracy (for sensor element) +0.5 hPaat 0 _ +30 °C (+32 _ +86 °F)
1INPa aE -52... 460 °C
(-60 _ +140 *F) Intensity cutput resolulion
Output resolution 01 hPa / 10 Pa / 0.001 bar / Hail
01 mmHg / 0.01inHg
Duration
Alr Temperature Measurement Performance P
Otservation range 52 . +60 *C(-60 .. + M0 "F) Intensity
Accuracy (for sensor olement) al +03°T0SF)
+20°C(+68 "F) Duration output resolution
Output resohution 01°C(01°F) Intensity output resolution

Relative Humidity Measurement Performance

Dbservation range 0. 100 %XRH

Accuracy (for sensor clement) +3 %RH at 0 .. 90 XAH
45 %RH at 90 _ 100 XRH

Output resohution 01 %RH

Wind Measurement Performance

Wind Speed
‘Observation range 0 .. 60 m/s (134 mph)

Response time 075s

Available varables Average, maximum, and minimam
Accuracy +3 % at 10 mys (22 mph)

Output reschution 0 mys (kmy/h, mph, knots)

Wind Direction

Azimun 0. 360°

Response time 025s

Available vanables Average, maximiim, and minimaurm
Accuracy +3.0% at 10 myfs (22 mph)

Cuatput resalution *

Inputs and Outputs

Cumulative accumulation after

the Latest automatic or manual reset
60 cm? (9.3 i)

0.01 men (QLO01 in)

Balter than 5%, weather -dependent

Counting each 10-socond increment
whenever droplel detected

Ws

Running 1-minube average in
10-second steps.

0 200 mmy/h (0 — 787 in/h)
(broader range with reduced
accuracy)

01 mm/h (0.01in/h)
Cumudative amount of hits against
collecting surface

Counting each 10-second increment
whenever hailsione delected

0 hits/em? (1 hits/in?), 1 hit
I-minute running average in
10-second steps

0s

O hits/em?h (1 hits/in?h), 1 hit/h

Operating voltage 6. 24VDC (10 - +30 %)

Average power 01 mA at 12 VDC (SDI-12
standby)
Typicak 3.5 mA at 12 VDC with typical
measuring intervals
Maxirmurr: 1S mA at 6 VDC (with
constant measmement of all
[pararmeters)
AC
12 24VDC (10 .. +30 %)
12 _ 17 VACrme (-10 _ +30 %)

Typical heating current 12VDC:08A
VDL DA A

Digital outputs SDIHI2, RS-732, RS-4865, RS-422

‘Communication protocols SDI-I2 VL3
ASCH atomatic and polied
NMEA 0183 v3.0 with query option

Analog Input Options

Solar radiation Kipp & Zonen CMP3

Leved measurement IRU-9479

Tipping bucket rain gauge Vaisala Rain Gauge RGI3

Temperature PTHOOO

Analog mA Output Options

Wind speed
Wind direction

Load impedance

Figure 5 - WXT536 Datasheet

0_20mAord . 20mA
0_20mAord . 20mA
Max. 200 0
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MetPak Technical Specifications
WIND MEASUREMENT POWER SUPPLY

Parameters Wind speed & direction of U &V (Vectors) | Input voltage sVto 30V
Units of measure m/s, knots, mph, kph, ft/min | Current < 16mA (Output 1 second) @12V
| SDE2
WIND SPEED WIND DIRECTION Input voltage 12V nominal (96-16V)
Range 0-60m/s (134 mph) 010 359" - No dead band | Current < 6.5MA Low power operation
Accutacy +2% @12m/5 T @125
Resoiution ooim/sozmph) | 1° ouTPUTS
Digital outputs 5232, R5422, RS485" SDI-12 or Modbus
fuser sclectabic)
AIR TEMPERATURE = *2 wire point to point
prormr ioo AR Iﬂmmv_'. 4800 57600 (ASCID) or 1200 (S0 12)
2 12V1 A0t
_R y SIC 10 1100C Protocols Aﬁ.lﬂlﬁﬁm‘jw 83,
Accuracy H01°C | Pata output 15, 75 45 of polied mode
Resolution 01 (0.1°F)
Units of measure ‘Cor'f ENVIRONMENTAL
| Protection dlass 1Pes
RELATIVE HUMIDITY | B EN61326
0-100% R Operaunglmnpemm: 35°Cto +70°C
P P f Storage temperatute -40°C to +80°C
Resolut %Rl Operating humidity 0% 10 1009 hurmidity
Units of measure % HH MECHANICAL
Compensaled for lemperature dependency
External construction UV stabilised white thermoplastic
| Hitungs Anodised Alurminium brackel (o allow fithing to
BAROMETRIC PRESSURE el el mmncetinuionaisd
01 Wﬂﬁ#ﬂ ?.m;[i'ﬂ_l_-_l-jl'qtlxkatl
Accuracy 105hPa SOFTWARE
Resolution 0.1hPa
Units of measurc hPa, mbsar, mmi g, Inlig | M- ﬁm””mdm
Compensated for temperature dependency -30°C 1o +70°C MalSet free softwarte for the configuation of the
| MetPak, MetPak RG & MetPak Pro
DEW POINT OPTIONAL ACCESSORIES
Resolution Jorcoin [ Cables | 15m Power & Data cable
Units of measure Cor'f USE Configuration cable
Accuracy #1215 (73T amblent temp s 207 dew point) | Hardware Heater Interface Box

Speafications may be subject 1o change without prior notice.
Figure 6 - MetPak Datasheet
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C-5 SAM™-S FEATURES SPECIFICATIONS

» AUTOMATICALLY UPDATES ALOHA® PLUME MODEL by Sensors
computing five-minute running averages and "Wind
Stability” calculation. WIHD NOHETOR

wind Speed
* HEAVY-DUTY SENSOR HEAD AND MOUNT constructed of Range: 0 to 60 m/s (130 mph)
N NN S RN Survival: 100 m/s (220 mph)

s A UNIQUE SIGNAL GENERATOR that converts corruptible Threshold: 1.0 m/s (2.2 mph)
analog signals into digital signals at the sensor head, Dist. Constant: 2.7 m (8.9 ft)
protecting data from electronic noise and interference wind Direction
(RF[ EMI). This assures high quality data. Range: 360 © - mechanical

¢ DiseLaY BOX WITH VACUUM FLUORESCENT DIspLAY, 355° - electrical
110 VAC or 12 VDC power supply and 6 ft. serial cable Survival: 100 m/s (220 mph)
to PC to update CAMEQS/ALOHAS. Threshold: 0.9 m/s (2.0 mph)

+ HAND-HELD coMpass for manually orienting the C-5 Delay Distance: 1.3 m (4.3 ft)

SAM™ to True Morth,
(Electronic cornpass on WEATHERPAK® only) TEMPERATURE SENSOR

SINGLE CABIE CARRIES BOTH POWER AND DATA.
Vehicle Mounted systems include 25 feet of cable from
SAM™ to Display. Tripod packages come with 50 feet
of cable,

C-5 SAM™-S SysTeEM PACKAGES

cut. 110 UACorlZVDCpcwumnphrarﬂﬁ&.senal cab&e
to PC to update CAMEQ®/ALOHA® |

» Hand-held compass for manually orienting the C-5 SAM™
to True North,

* Hard-Sided Carry/Storage Case with pre-cut protective
foam insert.

Standard C-5 SAM™-S VM Vehide Mount Padk. (p/n so0z3)
C-5 SAM™ Sensor Head with Wind Speed &
Direction, Air Temperature, Humidity and
Bai ric Pressure S Telescoping vehicle
mount and 25 feet of cable.

Basic C-5 SAM -5 VM Vehide Mount Pack, (»/n so024)
C-5 SAM™ Sensor Head with Wind Speed/ Direction,
Air Temperature sensors only®. Telescoping vehide
mount and 25 feet of cable.

Standard C-5 SAM™-S Tripod Package (p/M s0025)
C-5 SAM™ Sensor Head with Wind Speed/Direction,
Air Temperature, Humidity and Barometric
pressure sensors, 3-meter tripod tower and 75 feet of
cable.

Basic C-5 SAM™-5 Tripod Padkage (psnsooas)
C-5 5AM™ Sensor Head with Wind Speed/ Direction,
Air Temperature sensors only™, 3-meter tripod
tower and 75 feet of cable.

Figure

Range: -30°C to + 50°C (-22°F to +122°F)
Interchangeability: +/- 0.2°C over full range (0.36°F)
Resolution: 0.5°C (1.0°F)

HUMIDITY SENSOR (Optional)

Range: 0 to 100%

Accuracy: 5% of full scale

Range: -40°C to +50°C (-40°F to +122°F)
BAROMETRIC PRESSURE (Optional)

Accuracy: +/-4 MB

Range: -40°C to +50°C (-40°F to +122°F)
Electronics
POWER INPUT: 115 to 230 VAC; 50 to 60 Hz or

12 VDC; 200 mA

DISPLAY SCREEN

Size: 4 % 20 characters

Type: VFD (Vacuum Fluorescent Display)

with dimmer switch.

DATA QUTPUT: Running 5 minute averages of wind speed
and direction, stability class, air temperature,
humidity (optional) and barometric pressure
(optional), and instantaneous wind speed and
direction, air temperature, and C-5 SAM ID

number.
Mechanical
SENSOR HEAD 20.0"H x 12.0" W (Wind Monitor)
5.5" W (Body)
4 1bs. (1.8 kg)
DISPLAY BOX: 10.0"H x 6.0"W x 3.0"D
4.5 Ibs. (2.0 kg)

7 - C-5 Sam Datasheet
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Automatic Weather Station

Automatic weather station measures various meteorological parameters such
as wind speed, wind direction, temperature, humidity and ambient pressure.
The data collected in the weather station can be monitored on site or transferred
to a remote server.

Automatic Weather Station Features:

- It can be customized according to the application
- Can be mounted on buildings, vehicles or tripod

- Data can be output to a remote server using various means of
communications

Automatic Weather Station Related Pages:

' SMART2000 Telemetry System
» Snow Depth Sensor

v Precipitation

Ciio o oollepss

The accurate measurement of rain and snow precipitation remains one of
the most basic elements of hydrological and meteorology studies. The
FT7360 Precipitation Gauge has been designed to measure rainfall and
precipitation in remote and unattended locations. The FT7360 is a high
quality instrument that provides accurate measurements with long term
performance. The tipping bucket design allows accurate repeatable

i . measurements, requires no regular operator maintenance, and is
economical and proven in operation. All components of the FT7360 reflect

: * the environmental requirements of a continuous duty instrument
-

» Pressure Sensor

» Pressure Sensor with Digital Dispday_
» Pyranometer

» Visibility Sensor

—__* Acniration Pevchrometer

Figure 8 -FelixTek Datasheet
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2. Microcontroller Selection

2.1.Sensor Selection

2.1.1. Wind Measurements

ESD 2

30" Dec 2017

An anemometer is used for the measurement of wind speed and direction. A selection of the
available options can be seen in Table 2. some offering both speed and wind direction measurements.

Table 2 - Wind Measuring

L]

Cup Anemometer

[10]

L]

Ultrasonic Anemometer

[11]

Hot Wire Anemometer

15
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e Spinning wheel

[12]

e [idar

The wind sensor categories highlighted were compared in order to select the most suitable option for
the task. based on a few key parameters: this can be seen in Table 3.

Table 3 - Wind Sensor Comparison
Ra.nge Rnggedness Price Range Accuracy Complexity
Cup Anemometer High Med Low High
Ultrasonic High High High High
Hot Wire Med Med Med High Effected by humidity
Spinning wheel Med Med Low High
| Ligar High | Hih High | High

Using the breakdown in Table 3 an ultrasonic sensor was selected. The cup anemometer is the type
usually seen on conventional weather monitoring stations, however in recent years with
improvements and reduction in cost of ultrasonic systems this is changing. They do still tend to cost
more, however they don’t use any moving parts which removes any maintenance or weak points.
The Lidar category scored highly, however the size and cost of these options would be prohibitive,
for an amateur system.

16
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Table 4 - Ultrasonic Sensor Comparison
Acc
Voltag | Current Output . .
Sensor 1D o IP e 1P he Range u;a.c Price | Website Temp
RS485 / .
w Lufft 12- 0.01- . Ammonit | -40°C -
Ventus 24V e Ana:ogu 90m/s 7 .com 60°C
[14]

Y

ROWIN 25mA : 0.5- Forced.c 5 o
5 12V | Ghy Serial | o £580 [ "N | 0°C 40°C
Wind -
9- | 40mA : 001- | = | £230 | Gillinstru | -40°C -
Obszme v | @nv | P Seral | Gsms | 2% | o ments 70°C
[17]
RS485 /
20~ | 25mA mior- | 2= fitechnol | -40°C -
B2 | 30w | @aav | ¥ A““:"g” 50m/s | 4% ogy 85°C
[18]
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FEATURES

= Wind speed and direction sensor
= |Low-cost 2-axis ultrasonic technology
= 0-60nVs (116 knots) wind speed

= 0-359° wind direction

= Digital or analogue output options

= Low power consumption

= Fast start-up

= Corrosion-free polycarbonate exterior
= Solid-state — maintenance-free

DESCRIPTION

WindSonic™ is a robust, low cost ultrasonic wind sensor with no
maoving parts. This 2-axis ultrasonic wind sensor offers maintenance-
free wind speed and direction monitoring for true fit and forget' wind

sensing.

The WindSonic utilises Gill’'s proven ultrasonic technology. It is a genuine

ESD 2 30" Dec 2017

low cost alternative to conventional cup and vane or propelier wind
sensors, with all of the advantages of solid-state ultrasonic technology. With no moving parts to jam, break or
wear out, this ultrasonic wind sensor is ideal for use in harsh weather conditions and eliminates the need for

expensive on-site maintenance.

Wind speed and direction data is output via one serial or two analogue channels. To confirm correct operation,
serial outputs are transmitted together with an instrumentation status code.

WindSonic has been designed as a lightweight (0.5kg) and robust ultrasonic wind sensor, with a corrosion-free

polycarbonate construction.

Low power consumption, no moving parts and the corrosion free exterior make the WindSonic ideal for a wide
range of wind monitoring applications. Particularly suited to marine & offshore (ships, data buoys) and land based
installations, especially in remote locations where access is difficult and power availability limited.

142 mam da

Measurement Mane

E
E
I «
- Li —
[ -
; : ‘ '
2 ” O,
— Colournd Securty Seel
North
ey 3 aqualy
Lee
mounting
hos.
North
abgrment
noten ]
d T S
1 i oA
Figure 9 -Anemometer Datasheet Extract

The serial data output is ideal for interfacing with a
WS-15A Display Unit or for data logging to a
SpaceLogger® WindLogger.

MODEL OUTPUTS
Ogtion 1 | AS232
Ogtion 2 | RS232 + RS422 + RS485 + NMEA 0183

Option 3 | RS232 + RS422 + RS485 + NMEA 0183
| 0-5 V or 0-20 mA or 4-20 mA

Ogtion 4 |SDI-12

TYPICAL APPLICATIONS
Remote weather monitoring stations
Building controls

Tower crane & construction site safety
Ports & harbours

Data buoys

Marine vessels

18
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Default Serial Output from WindSonic
The WindSonic default serial output is as follows:

<STX>0,DDD,SS5.55,U.AA <ETX>CC<CR><LF>

Where

Q is the anemometer identifier. Can be set to any character Qto Z

DDD wind direction in degrees relative to sensor axis

$55.55 wind speed

U Units M m/s, N knots, P mph, K km per hour, F ft per min.

AA status 00 ok, 01 axis 1 failed, 02 axis 2 failed, 04 axis 1 & 2 failed, 08 NVM error, 09 ROM error
CC checksum Exclusive OR of all characters between <STX> and <ETX> as a two character hexadecimal value.
<STX= is the ASCII character with a value of 2

<ETX= is the ASCII character with a value of 3

<CR= is the ASCII carriage return character with a value of 13

<LF=> is the ASCII line feed character with a value of 10

Data is output at 9600 baud with 8 data bits and no parity.
Figure 10 - WindSonic Data String

Serial Communication

Baud Rate

The baud rate specifies how fast data is sent over a serial line_ It's usually expressed in units of bits-per-second (bps). If
you invert the baud rate, you can find out just how long it takes to transmit a single bit. This value determines how long
the transmitter holds a serial line high/low or at what period the receiving device samples its line

Baud rales can be just about any value within reason. The only requirement is that both devices operate at the same
rate. One of the more commoen baud rates, especially for simple stulf where speed isn’t critical, is 9600 bps. Other
“standard” baud are 1200, 2400, 4800, 19200, 38400, 57600, and 115200.

The higher a baud rate goes, the faster data is sent/received, but there are limits to how fast data can be transferred. You
usually won't see speeds exceeding 115200 - that's fast for most microcontrollers. Get too high, and you'll begin to see
efors on the receiving end, as clocks and sampling periods just can't keep up.

Framing the data

Each block (usually a byte) of data transmitted is actually sent in a packet or frame of bits. Frames are created by
appending synchronization and parity bits to our data

Frame=| Start Data Parity[Stop
Size (bits):/’ 1 5-9 8-1 1-2

A serial frame. Some symbols in the frame have configurable bit sizes.

Let's getl into the details of each of these frame pieces.

Data chunk

The real meat of every serial packet is the dala it carries. We ambiguously call this block of data a chunk, because its
size Isn't specifically stated. The amount of data in each packet can be set to anything from 5 to 9 bits. Certainly, the
slandard data size is your basic 8-bit byte. but other sizes have their uses. A 7-bit data chunk can be more efficient than
8, especially if you're just transferring 7-bit ASCII characters.

After agreeing on a characier-length, both serial devices also have to agree on the endianness of their data. Is data sent
most-significant bit (msb) to least, or vice-versa? If it's not otherwise stated, you can usually assume that data is
transferred least-sianificant bit (1sb) first
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Synchronization bits

The synchronization bits are two or three special bits transferred with each chunk of data. They are the start bit and the
stop bit(s). True to their name, these bits mark the beginning and end of a packel. There's always only one start bit, but
the number of stop bits is configurable to either one or two (though it's commonly left at one).

The start bit is always indicated by an idle data line going from 1 to 0, while the stop bit(s) will transition back to the idie
state by holding the line at 1.
Parity bits

Parity is a form of very simple, low-level error checking. it comes in two flavors: odd or even. To produce the parity bit, all
5-9 bits of the data byte are added up, and the evenness of the sum decides whether the bit is set or not. For example,
assuming parity is set to even and was being added 10 a data byte like @beie111el . which has an odd numberof 1 's
(5), the parity bit would be setto 1 . Conversely, if the parity mode was set to odd, the parity bit would be @

Parity is oplional, and not very widely used. It can be helpful for lransmitling across noisy mediums, but itll also slow
down your data transfer a bit and requires both sender and receiver to implement error-handling (usually, received data
that fails must be re-sent).

9600 8N1 (an example)

9600 8N1 - 96500 baud, 8 data bits, no parity, and 1 stop bit - is one of the more commonly used serial protocols. So,
what would a packet or two of 9600 8N1 data look like? Let's have an example!

A device transmitting the ASCII characters ‘O’ and 'K’ would have to create two packets of data. The ASCII value of O
(that's uppercase) is 79, which breaks down into an 8-bit binary value of eieei111 , while K's binary value is eleele11
All that's left is appending sync bits.

Itisn't specifically stated, but it's assumed that data is transferred least-significant bit first. Notice how each of the two
bytes is sent as it reads from right-to-left.

B[1]1]1[1|0[v[1|0[1(0]1]1|0]1]0(0]1]0]1]

e e
._."@( S NS L g,\-",)% S /’ W }/

Since we're transferring at 9600 bps, the time spent holding each of those bits high or low is 1/(9600 bps) or 104 ys per
bit.

For every byte of data transmitted, there are actually 10 bits being sent: a start bit, & data bits, and a stop bit. So, at 9600
bps, we're actually sending 9600 bits per second or 960 (9600/10) bytes per second

Figure 11 - Serial Communication [19]

ASCI Hex Symbel ARCH Hex Symbal ASCH Hes Symbel ARCH Hex Symbol

D 0 N "W spaca) W W0 0
1 1 HOM " " ] L") n 1
3 37 NTX T, " - ?
) 1 ElX "W " k3 A
4 4 EOY M " ] & “ 1
B B ENG TR " T "
B 8 ACK 2 w (1 MW [
] T DBEl n o e ar '
[ T FT I M M h
BB TAD ) T

i A LF M A L 1A

"n 8 W i m
12 F¥ 2

3 0 (0 W 10
"o 80 [
1" [ LY AR

ASCH Max Symbol | ASCH Mes Symbol | ASCH Mes Symbol = ASCH Mex Symboal

@ 0o P w o n
A Tt ] Y] .
o Hn 8 [ w o
[ " oa 5 w

[ Mo T 0o 64 o i

w o B 8 U W oe e e

W P - y Wy o ' .

T T O o s W 03 & g pé

" - H 1 n X w0 h ™

oW | w s Y W0e 8 | ¥

M 4A J W BA 2 108 A | 1

M oA K Mo | T (

IR \ T w0e o | ( |

17 M M Mo | Wwe 60 m 10 |
m 4 N T 4 "o ar " e T
W { ot o " e p ar o

[20]
Figure 12 - ASCII Characters
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Based on the information from WindSonic datasheet, along with the information on serial
communication the string length will be 184 bits, taking into account the start and stop bit, to allow
room for any value changes 230 bits and 21 bytes of information being saved will be used. 9600

baud.
Physical Dimensions
Weight
Mounting
Material
Performance Wind speed
Wind direction
Outputs WindSonic Option 1

windSonic Option 2

windSonic Option 3

Figure 13 - WindSonic Datasheet cont

Range
Accuracy
Resolution
Threshold
Response time
Range
Accuracy
Resolution

Response time

142mm diameter x 160mm

0.5 kg

Pipe mounting 1.75 in (44.45mm) diameter
LURAN LV stabilised black thermoplastic

0 to 60 m/s (116 knots, 134 mph)

2% @ 12m/s

0.01 m/s

0.01 m/s (0.02 mph)

0.25 sec

0 to 359° (no dead band)

+3* @12 m/s

0.25 sec

RS232

RS232
RS422/RS485
NMEA 0183

R5232

RS422/RS5485

Analogue 0-5V, 0-20mA or 4-20mA
NMEA 0183

As the data output from the Wind Sonic is at RS232 voltage levels, it will have to be converted to
TTL before being sent to the microcontroller. This can be done with the MAX232 circuit shown in

Figurc 14.
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16) Veo

15] ano

mmam |1 o

c2: [I MAX220 E RIIN
MAX232
c[s] macza [l Fon
b 2 E 11 Thn
T2our [7] E T2
R2w [E] 9] Reow
DIP/SO
CAPACITANCE (1F)
DEVICE C1 C (3 CI C5
[MAX2Z0 0047 033 033 033 05
MAZ32 10 10 10 10 10
MAX232A 01 01 01 01 01

Figure 14 - M

IAX232 Pinout  [19]
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INPUTS 200k OUTPUTS
10|t 3 {>c Toour |7
<J2| Rlour < Rl |13

TTL/CMOS ésﬂ;

RS-232
INPUTS
.18 ¥
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2.1.2. Humidity & Temperature

ESD 2
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A selection of the different types of sensor that can be used to measure humidity & temperature is
available in Table 5.

Table 5 - Humidity Sensors

[22]

B 1
e 1
¢ o

o Resistive Humidity

[23]

e Capacitive humidity

[24]

e Thermal conductivity

[25]

e IC Temperature & Humidity
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Table 6 - Humidity Sensor Comparison
Range Ruggedness | Price Range | Accuracy | Complexity
Resistive High Low Low High
Capacitive High Low Low High
Themmal
Conductivity High Med Med High
IC Temp &
Humidity High Low Low High
Table 7 — IC Sensor Comparison
Sensor ID Vel Currel?t e Ou‘tpul Range ST Price | Website Temp
1P Draw se type acy
CC2D2 He | 6= o | £10.1 -40 -
5 5V 750uA Ts PDM | 100% 2% 7 Famell 125°C
[26]
SHT31 | 24- I’C 0- 5 ; -40 -
_DIS-B 55y 800uA 100% 2% £3.83 Farnell 125°C
[25]
e 24- ) 2 0= . | £24.8 . | -a0-
SHT75 5 5v 28uA 8s ICc 100% | 3% N RS.couk 123°C
BME 18- - I’c 0- i - -40 -
280 36V 350uA SPl 100% + 3% £20 adafruit 85°C
HIH- 2
23- Ic 10 - 7 ; . i -25-
ééé?;)- 5 5v ImA Pl 90% +4% | £695 | RS.couk 85°C
[29]
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Relative Humidity (RH%)

14Dkt DOL%RH

+2.0 %RH (20- B0%AHT

=0.2 KAH

20 %RH

<ZOWRH

T0seci 63%

M 013 W *C for 10-60°C, 10-90%RH)

0 - 100 %AH Non-Conaensing)

<05 WAHYT [NOMO! Condition)

1. Custom Accurocy Torrance Avaiotie

2. ACONOCIos mogsired of 25°C, SOv

3. moasured 0¢.25°C, Lmysac o Bow for ochioving 63% of sip
#om 135%AM :0 S0MRM
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Temperature (°C)

lapeDOTT)

+03°C

+0.1°C

50 sec | 63%]

800 125°C

<005*CHyr (NorTa condhion)

1 Accurocies megsined o 25°C, S.0v
2 Min 5.0 50c, Max 20 50C

Typical Temperature Accuracy

e
0

Typical %RH Accuracy e
Bk 40
u 1o \v/
. A
WA@Y 0 0N D NI
“ Tergenmer ()
)
P Absolute Maximum Rating
L] " n » L] a2 [ ] n L » n
T Parameter Min  Max
: 3 i Supply Voltoge VDD)  -0.3V 6OV
Electrical Specifications StorogeTemp )  -50°C 150°C
Junction Temp (T} -85°C  150°C
Supply Voltage
min 2.7V to max 55V ? %
Soldering Information
Supply Current (IDD)
750 pA ftypicall Standard or IR Solder Reflow

Sleep Current (Isleepl
0.6 pA (typicall

Environmental

Operating Temperature Range
-40to 125°C

Operating RH Range
0to 100 % RH Inon-condensing]

Tp: 260°C, tp: 40 sec. [qualify Pb free profile) Pin Connection

Note: After soldering reconditioning will be required.
Detoils for this process can be found in the ChipCop2
application note M16-127).

Veose
Package Contents
Capaocitive polymer RH Sensor,

PTA (Proportional to Absolute) Temperature sensor Voo
integroted ASIC chip in LCC {Leadless Chip Carrier}
pockage, SMD, RoHS compliont -

Alarm_Hi

BEEEHE

Telaire recommends that the sensor is operated in pulse mode. Keep the active state of the part to a minimum. A
typical sampling time is in the range from 0.5-1s. (The minimum is 0.2s, and a maximum 10% duty cycle sampling

time is recommended).

Figure 15 - Temp & Humidity Datasheet Extract
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vDD VDD
Rey
SCL
GND SDA
vDbD READY
ALARM_HIGH ALARM_LOW
cca2pD
(slave) R, > 1k

23V=VDD =55V

FC DF - 4 Bytes: Slave returns 2 RH data and 2 Temperature data to the master.

Wait for
Siave ACK Mastor ACK Master ACK Master ACK Master NACK

654321oaaﬁunﬁnWj1A7514#11Wn?s$4321nn1y54am

| | L | 1 | | | 1 |
Device Slave Address [6:0] RH Data [13:8] RH Data [7:0] Temp. Data [136] Temp. Data [5:0]

Read/Wri
sunmbn swpcondluon Hmmmm Hmaamwhdne D‘R“‘“”.

El ‘Slave Address Bit (Example: Bit 2) E Command or Data Bit (Example: Bit 2) I Status Bits I Bits should bo masked off
and ignored

Figure 16 - Temp & Humidity Wiring and Data

e 47 bit communication
e 4 bytes of data
e Scnsor can be sampled at 1Hz
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2.1.3. UV Levels

Everyone is exposed to UV radiation from
the sun and many artificial sources used in
industry, commerce and recreation.
Emissions from the sun include light, heat
and UV radiation.

The UV region covers the wavelength range
100-400 nm and is divided into three
bands:

UVA_(315-400nm)

UvC (100-280 nm)

As sunlight passes through the
atmosphere, all UVC and approximately
90% of UVB radiation are absorbed by
ozone, water vapour, oxygen and carbon
dioxide. UVA radiation is less affected by
the atmosphere.

Therefore, the UV radiation reaching the
Earth’s surface is largely composed of UVA
with a small UVB component.

Figure 17 - UV Categories  |31]

ESD 2 30" Dec 2017

UV light can be split into three separate categories, as
shown in Figure 17. It can also be seen that the majority of
the UV that rcaches the carth’s surface is UVA., There’s
another graph shown in Figure 18 which shows the
erythemal UV against measured irradiance. The erythemal
irradiance is calculated from an integration of the measured
UV irradiance with CIE action spectrum. “The CIE action
spectrum is a model for the susceptibility of the Caucasian
skin to sunburn (erythema). It is proposed by McKinlay &
Diffey (1987)7 [30)

It can be seen that the key frequencies damaging to humans
are between 290nm — 400nm.
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12 0.004
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Figure 18- Erythemal UV vs Irradiance 132]

Table 8 - UV Level Sensor Types

* Spectrophotometers

[33]

¢ Radiometers

[34]
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e UV Phototubes
g €0}
L » =S
NoT W
' —
¢ 135]
o Light Sensors
I'able 9 - UV Sensor Comparison
Range Ruggedness | Price Range | Accuracy | Complexity
Spectrophotometers | High High High* High
F.adiometers Med High Med High
UV Phototubes Med High Med Med
| Light Sensors Med Med Low High
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Table 10 - UV Sensor Comparison

Opera
Sensor ID ¥oltage | Curent: ({Respon || SOUipue Range ting Price Website
IP Draw se type
temp
e
& TOC- Analogu | 227 —
ABC10 25-5V | 150uA e 360nm £124 Farnell
[37]
200-
PIN- Analogu
020-UV + 15V SmA 0.1 A 1100 £78 RS.couk
[38] nm
% 270 -
OPT10 2.7- Analogu 0- i
” T 1 : 6y | 220mA A 1200 | o0 | £55 Digikey
nm
[33]
_—
@ SGOIS- | £03- Analogu 190-
18 16V 40mA - 380nm £35 Farnell
34

Standard Erythemal Dose

The standard erythemal dose {SED, J.m-2) is equivalent to an erythemal radiant exposure of 100 Jm-2. The
SED is independent of skin type and a particular exposure dose in SED may cause erythema in fair skin
but none in darker skin.

UV Iindex

The global solar UV index (UVI) was developed as an easy-to-understand measure of biologically effective
UV radiation with & view to promote public awareness of the risks of UV radiation exposure and sun
protection. In the initial work done on UVI in Canada, a typical midday summer erythemal irradiance of
250 mW.m-2 was found leading to the (arbitrary) definition of one UV index equal to an erythemally
weighted irradiance of 25 mW.m-2. This gives a typical range of UVI O to 11+. The attached spreadsheet

demonstrates the computation of UV| and the relation to SED.
Figure 19 - UV Index [42]
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GENERAL FEATURES
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Properties of this sensor

The “UV-Surface” sensor is used for UV radiation reference measurements on surfaces
exposed to UV light. The sensor contains integrated electronics and is shielded against
electro-magnetic interference. Sensor configuration options are spectral response, signal
output type and measuring range. The signal output is either a voltage of oto 5 V, a
current of 4 to 20 mA, CAN bus interface or USB. The UV sensor is available with a NIST or
PTB traceable calibration. Cosine correction is available on request.

The measuring range of analog sglux UV sensors is 3 orders of magnitude corresponding to 5 mV to 5 V or 4.02 mA
to 20 mA output. The highest sensitivity range is 1 nW/cm? to 1 pW/cm?. The lowest sensitivity range is 20 mW/cm?
to 20 W/cm?, The digital sglux UV sensors contain an integrated microprocessor that converts the UV radiation into
125kbit/s digital CAN bus data. A large dynamic range of 5 orders of magnitude allows to measure low radiation and
strong radiation without changing the probe. Customers may specify any range between the mentioned limits.

Page 3 of this datasheet allows to enter requirements of the needed sensor. After selection you may forward this
document to factory or agent, or alternatively use the sensor probe online configurator at www.sglux.com. Please

contact us for assistance.

SPECIFICATIONS

Fixed Specifications Parameter Value

Dimensions  please refer to drawing on page 2

Weight s56g

Temperature Coefficient (30 to 65°C)  0.05 to 0.075%/K

Operating Temperature -20to +80°C

Storage Temperature  -40 to +80°C

Humidity < 80%, non condensing

Configurable Specifications Parameter Value (page 3 shows more detailed information)
Spectral Sensitivity Broadband UV, UVA, UVB, UVC, UV-Index, Bluelight and UV+VIS

Signal Output  ©to 5V or 4 to 20 mA or CAN bus signal (125kbit/s) or USB

Current Consumption foroto 5V =< 30mA | for 4 to 20 mA = signal out / digital = <17 mA

Connections cable = 2 m cable with tinned leads on free end
CAN = 2 m cable with 8 pin male connector (to converter or else)
USB = with 1.5 m cable with USB-A plug

Measuring Range  between 1 nW/cm? to 1 yW/cm?* and 20 mW/cm? to 20 W/cm: for analog

With the max erythemal weighted UV seen in the UK being approximately 135mW/m?, and the

or 100 pW/cm® to 20 W/cm? for digital sensors (see questionaire sheet)
Figure 20 - UV Sensor Datasheet

minimum being SmW/m?. Along with the 5 - 45W/m? UVA range from Figure 21 and Figure 22. The
sensor was selected to measure between 20mW and 20W as the best compromise.

1000 steps between 20mW and 20W

SmV -5V =4995mV Range

4995x 1073V
1000

= 4.995mV per mW/m” increase in solar irradiance.
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10 bit ADC will be suitable

:E B

Mean noon erythemally weighted UVR iradiance
(mW/m?)
-

W MWWW Wﬁ’

Figure 21 - Erythemal Irradiance in the UK

Mean noon UVA iradiance (W/m?)
s g 8B 8 EEEEEE

,,mnwy ﬁﬁf#&%ﬂﬁfff jﬁf

Figure 22 - Typical UK UVA irradiance [43]

32




P152109

ESD 2 30" Dec 2017

Re: New Enquiry from Website regarding UV-Sensors

Today, 13:45

@ Romana Sonnenberg <sonnenberg@sglux.de>

You ¥
Dear Steven,
thank you for your inquiry.

Each UV sensor will be configured for the customer’s application.
Please let us know your approx. max. UV intensity you like to measure
and the lamp type you are using with your order.

This will help to optimize the measurement range of the UV sensor,

For any questions please contact me.

Best regards,
Romana

Dipl.-ing. Romana Sonnenberg
Leiterin Vertrieb / Head of Sales

sglux GmbH
Richard-Willstatter-Str. 8
D-124589 Berlin

Tel. +49 30 53015211
Fax +49 30 53015209

please visit: www sglux de

Registergericht: Amtsgericht Charlottenburg, HRB 89163
Geschaefisfuehrer: Dr. Tilman Weiss

Figure 23 - UV Sensor Enquiry

33




P152109

ESD 2

2.1.4. Sunlight Brightness
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A selection of sensors that can show a changing brightness clectronically.

Table 11 - Brightness Sensor Types

4

[44]

Photo Diode

[45]

Light Dependent Resistors

Photo Transistor

N

Photo Voltaic

[47]
Table 12 - Brightness Sensor Comparison
Range | Ruggedness | Price Range | Accuracy | Complexity
Photo Diode High Low Low Med | Requires additional circuitry
Light Dependent Resistors | High Med Low Low | Requires additional circuitry
Photo Transistor High Low Low Med Requires additional circuitry
Light Sensor PCB High Med Low Med All required componentsincluded
Photo Volraic Med Med Med Low | Requires additional circuitry
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Table 13 - IC Sensor Comparison
Current 2 : :
Sensor D Voltage IP i Output type | Operatingtemp | Price | Website
GRVi2C 335V I 40-85°C | £15.6 | reichelt
TSL2591 3.5V 325pA PC 30-70°C | £7.5 | pimoroni
TEMT6000 | 33-5V 20mA | Analogue 40-85°C | $3.95 | sparkfun
GY-30 3-5V 190 pA I’C <40-85°C £15 Ebay.
GA1A128202 | 23-6V 150 pA Analogue 40 -85°C $395 | Adafruit
PINEG4 3.3-5V 0.6mA 1°C 40 -125°C 5899 | Pine64
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ALS Data Register (0x14 - 0x17) ALS data is stored as two 16-bit values; one for each channel.
When the lower byte of either channel is read, the upper byte
of the same channel is latched into a shadow register. The
shadow register ensures that both bytes are the result of the
same ALS integration cycle, evenif additionalintegration cycles
occur between the lower byte and upper byte register readings.

Each channel independently operates the upper byte shadow
register. So to minimize the potential for skew between CHO
and CH1 data, it is recommended to read all four ADC bytes in
sequence. The simplest way to accomplish this is to perform a
four-byte 12C read operation using the auto-increment
protocol, which is set in the Command register TRANSACTION

field.
Register Address Bits Description
CODATAL 0x14 7:0 ALS CHO data low byte
CODATAH 0x15 7:0 ALS CHO data high byte
CIDATAL 0x16 7:0 ALS CH1 data low byte
C1DATAH 0x17 7:0 ALS CH1 data high byte

Figure 24 - Brightness Data transfer
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Command Register

7 6

5

ESD 2

The COMMAND register specifies the address of the target
register for future read and write operations, as well as issues
special function commands.

30" Dec 2017

CMD

TRANSACTION

ADDR/SF

Fields

MDD

Bits

Description

Select Command Register. Must write as 1 when addressing
COMMAND register.

TRANSACTION

Select type of transaction to follow in subsequent data transfers

FIELD VALUE DESCRIPTION

6:5

00 Reserved - Do not use

01 Normal Operation

10 Reserved - Do not use

1 Special Function — See description below

ADDR/SF

Address field/special function field. Depending on the transaction
type, see above, this field either specifies a special function
command or selects the specific control-status-data register for
subsequent read and write transactions. The field values listed
below apply only to special function commands.

FIELD VALUE DESCRIPTION

00100 Interrupt set - forces an interrupt

00110 Clears ALS interrupt

40

001 Clears ALS and no persist ALS interrupt

01010 Clears no persist ALS interrupt

other Reserved — Do not write

The interrupt set special function command sets the interrupt bits
in the status register (0x13). For the interrupt to be visible on the
INT pin, one of the interrupt enable bits in the enable register
(0x00) must be asserted.

The interrupt set special function must be cleared with an interrupt
clear special function. The ALS interrupt clear special functions
clear any pending interrupt(s) and are self-clearing.

ionre 25
Figure 25 -

Brightness Data transfer continued
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2.1.5. Airborne Particles

A selection of sensor technologies that measure dust particles in the air.

Table 14 — Airborne Particle Sensor

Optical dust Sensor

o C————— -

o NS\ s

6— Light Scattering Method
; iN”Vﬁ,;‘)w‘r‘“r\mr
I
Blocked Light Method

« Atight beam of light shines from source to detector
« Smoke blocks path. triggering alarm
* ‘This type can span large moms

T ——— ——
[49]

Light blocking

38




P152109 ESD 2 30" Dec 2017

The light scattering method was selected as it provided the best results based on the available
literature.

Table 15 - Particle Sensor Comparison

Voltage | Current | Respon | Output €z Descrip
1P Draw se type i

Sensor 1D Range ting | Price | Website

tion

475 - . 0- £10.7 .
Grove 575y 90mA / Digital =lum 45°C 5 Rapid
GP2Y1 0.3 - o -10 - 0.5V/0.1
‘ o = 20mA Digital 65°C $12 | Sparkfun ng/’.
[52]
SM- -03 - 1- -10- | £12.4 | Amphen
.[53] PWM v | 20mA R 10um | 60°C | 5 ol
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Particle Sensor
HPM Series
Table 1. Specifications
Characteristic Parameter
_Operating principie laser scattering
Detection’ PM25 or PMI0
Output data® PMZ2.5 in pg/m?® (PMLD in pg/m?with additional programming)
Concentration range Opg/m? to 1.000sg/m”
Accuracy (at 25°C +5°C)
Opg/m? to 100 pg/m? +15 po/m*
100 pg/m? to 1000 pg/m? +15%
Response time 6s
Supply voltage S5V.02V
_Standby current (at 25°C £5°C) «20mA
Supply current (at 25°C +5°C) «80 mA
Temperature.
operating -10°C to 50°C [-L4°F to 122°F)
storage -30°C to 65°C [-22°F to 140°F]

Humidity (operating and storage)

0 %RH to 95 %RH non-condensing

Output protocol®

UART; baud rate: 9600, databits: B, stopbits: 1, parity: no

Operating time:
continuous mode 20,000 hr
imermittent mode on duty cycle
ESD +{ kV contact, +8 kV air per IEC 61000-4-2
Radiated immunity 1V/m (B0 MHz to 1000 MHz) per IEC 61000-4-3
Fast transient burst +0 5 KV per IECE1000-4-4
Immunity to conducted disturbances radisted emissions 3V per IECE1000-4-6
Radiated emissions 40 dB 30 MHz to 230 MHz. 47 dB 230 MHz to 1000 MHz per CISPR 14
Conductad emissions 0.15 MHz to 30 MHz in compliance with CISPR 14

* PM2.5 15 partculate matter «2.5 pm in diameter: PM101s particulate matter <10 pm In diameter.

* Contact Honeywell for other output options

Figure 1. HPM Sertes Operation

Figure 26 - Particle Sensor Datasheet Extract

30" Dec 2017
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{ sl
A
Dosad A
Pin MName Description
I +33V power output (+3.3V/100 mA)
Zz 5V power input (5 V)
3 N/A N/A
4 N/A M/A
5 TEST used for testing (NA)
6 ™ UART TX output(0-3.3V)
T RX UART RXinput (0-33V)
a8 GND power input (ground terminal)
Detectior;‘:z I PMZ2.5 and PMIO
Output data™? PM2.5 in pg/m? and PM10 in pg/m?
Concentration range 0 pg/m?to 1,000 yg/m?

Accuracy (at 25°C £5°C):

Figure 27 - Particle Sensor Pinout

Figurc 28 shows the data string for the HPM particle sensor, it shows the standard protocol being 32
Bytes long, however a large number of these Bytes are reserved for additional messages. The key
information required to be saved is in 4 bytes.
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Particle Sensor
HPM Series
Table 5. Data Format (Protocol Length: 32 Bytes)
Byte Number HeadO Head0 HeadO
Byte0 Head0 Ox42
fixed
Bytel Headl Ox4d
Byte2 Len_H =
Fi - 21 h
Byte3 P [ rame Length = 2x13+2(data length + checksum length)
Byted DataO_H
reserve
Byte5 DataO_L
Byte6 Datal_H i
Byte oy £ PM2.5 concentration (standard particulate matter)
Byte8 Data2_H
PM10 concentration (standard particulate matter)
Byte9 Data2_L
BytelO Data3_H e
Bytell Data3_L L ki
Bytel2 Datat_H
reserve
Bytel3 Data4_L
Bytel4d DataS_H Je.
Bytel5 Data5_L I i
Bytel6 DataB_H
reserve
BytelT Datab_L
Bytel8 Data7_H i
Bytel9 Data7_L o
Byte20 DataB_H
o N T T reserve
Byte2l DataB_L
Byte22 Datad_H Iz
Byte23 Datad_L i
Byte24 DatalQ_H
Byte25 | Datato_L N | et
Byte26 Datall_H iy
reserve
Byte27 Datall_L I
Byte28 Datal2_H B
Byte29 Datal2_L N e
Byte30 CheckSum_H L
Checksum = HeadO+Head1+Len_H+Len_L+D. H+..+Datal
Byte3l CheckSum_H | .. 2 S o e

Figure 28 - Particle Sensor cont
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2.1.6. GPS
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A range of GPS sensors can be seen in the following table, with the majority offering similar
specifications, however a few do have specific features such as the use of other satellite
constellations to improve the fix.

Figure 29 - GPS Pinout

Sensitrvt Tn-view Overall )
GBS DENERTY : U Dam Detsils v
dBw) kg Accuracy s pdates oltage | price
GPS.622 165 14 lsmegp | 65 | <0Hz | TIL GPSL1 5V | £20
e GPS
L86-M33 165 3 23 90 | <tomz| TL | cLonass | 33v | 0
i QZss
746 -163 2 66 <10Hz TIL GPSL1 5V £27
SA-920 159 20 I Hz | RS232 o sv | 95
SA-320 143 2 <3m Hz | RS2R2 GpsLl svo | £90
Esathenwing 165 n <3m 66 0H: | TIL ekl 33v | 0
GM-I315LA 157 Tom 50 3 TIL GPSLI 336V
e 146 33 LA % I i 33v | 16
GYSFFMAXC g = : GLONASS =
GPS GALILED
1820032 » 25m 6 | <i0m: | Rs232 | BEDOUQzSS | sV
SBAS
NAVILOCK GPS GIONASS
o 167 / Imeep 72 | <sE: | v SN sv | £55
GP-20U7 -162 n 25m 56 Hz | TIL GPSLI 33V
NEO-6M -162 { 50 5Hz TIL GPS
Florz 163 2 <Im 66 ‘;gg; WAAS 34v | £40
NL-852ERS |NL-852EUSB |NL-852ETTL
1 VCC VCC VCC
2 GND GND GND
3 shield shield shield
4 D+ RS232TXD | 33VTILTX
5 D- RS232 RXD | 3.3VTTL RX
6| PPS PPS PPS
Pin 1
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The GPS will be programmed to output a standard NMEA GGA sentence as it has all the required
information, it can be seen below with the format: time, latitude, longitude being the key elements
for this application. There are some additional values that give information on satellites tracked, and
the quality of the lock that can occasionally be useful.

$GPGGA.090045.00,5226.77946.N.00451.80477,W.2.10,0.6,7.916,M,52.598 M.5.0,0120*54

81 characters

81 bytes as 1 byte per character

Multiplied by 10 bits, including the start/stop bit = 810 bits being transmitted per second
81 bytes of data to save. as the start and stop bit are excluded

2.2.Microcontroller

From the information gathered from the individual sensor datasheets and calculations, a basic table
was constructed to calculate the total memory requirement for 7 days runtime. Along with the
memory requirement, the table also details the number of pins required for cach sensor, the data type
and resolution.

Sensor QTY [Pins| Outpur | Resodunon | Samplemate | Readngs | Data Transfer | Damasizeper | SivedData | SavedData | TotsiDam | Toaibytes | Damaindmn
persec | permsg (b sec (bit) ™ sec (bif Saved (bu

Wind Speed & | a RS232 14t s 4 10 B4o 1 B4 | SOB03 200 5350400 5 3504
Duection | RS2 10 bat [ [} [] 2 | [ [ [
_ Wievel | | | 1 lAnslogue| 10bat H: | W | e | e | 18 | o9s7es00]  1200€00| 12096
Brnghtmess 1 ]1 Tc 16t 1H: I &0 80 18 P 1 16938400 2116800 21158
Temperaturs & HE e 14 bat 1H: 1 a & 14 14 | B4E7200 1058400/ 10584
Humudey | FC 14 bit 1 [ o T 14 | 8467200 1058400 10584
GPS Posstion i 2 1T 1Hz 1 110 Bi0 51 T | 2sssssocD 6123600 61236
Aubome Partcles| 1| | 2 TTL 10 bt 0.5H:z a3 256 128 32 16 | 19353600 2419200 4192
7 day Total =| 03384

Figure 30 - Data Requirements

The GPS could have been sampled at a lower frequency, however the overall data storage isn’t an
issue at only 20Mb. Sampling at 1Hz will mean that the majority of data samples will have an
accurate time stamp.

In addition to these the microcontroller will require:

e Two digitals for USB.
Four digitals for SPI.
e Two digitals for LED/ Pushbutton

Two pins for power.
Total = 20
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Program Maz
Pancheral
Wamaory RAM EEPROM Pin cru Intarnal Eof
Proguct Buy Stus Documents 8K Pricing Pin Seiect
Size (Dytes) Her court Speed p— Oscilistor Con
(
(Kbytey) Mz “
- - - - - — -
s T
. e
e
-
-
-
3 L
3 ]
2 s
Figure 31 - Microcontroller Selection

There weren't any microcontrollers with all the required inputs. however additional UART’s and I°C

ports can be programmed through software, from the available microcontrollers the PIC18F24k50
was selected as it met the requirements.

2.2.1. Data Storage

From the table in Figure 30 it can be seen that the total data being produced is just over 20Mb. With
the advances in memory technology cards this size aren’t produced, a common SD card would be
128Mb however these have become difficult to find as cards with greater capacity can be produced
for the same cost, and they 're generally more popular in the majority of situations.

s TOOGOO microSD
e 256Mb
e f£216

256MB

[54]
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SanDisk microSD
512Mb
£4.41

30" Dec 2017

Two larger capacity micro SD cards were highlighted, with the SanDisk sclected as it was from a
reputable manufacturer and would allow a lot more storage for an extra £2.

3. System Parameters

3.1. Power and Connector Requirements

Device Required pins | Connector Pins | Voltage | Current | 7 day Current
Wind Speed & Direction 4 6 5V < 50mA 84A

UV Level 4 3 12V | <=30mA 5.04
Brightness 4 4 3V 325 pA 34.6mA
Temperature & Humidity 4 5 5V T50uA 126mA
GPS Position 4 7 5V = 30mA 5.04A
Airbome Particles 4 8 SV < 80mA 13.44A

Total current draw = 191.1mA
Current multiplied by 24 hours in a day, 7 days in a week = 168 hours
Sensors powered constantly over 7 days =32.1A

With different factors affecting the amount of power a battery can provide. such as temperature and
the quality/age of the cells, it’s sensible to base the battery calculations on 80% battery capacity; this
will also help if there’s any additional current draw that hasn’t been calculated.

Battery Capacity
Current Draw

= Runtime This calculates approximately to a 40Ah battery.
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With a battery capacity this large a lead acid battery may be required, which usually have a greater
capacity compared with the other technologies, the drawback being they re usually less energy dense
and weigh more.

¢ Relion RB40 Lithium Battery

e 12V 40Ah
o  £441.99
e 199x166x171mm
o 54Kg
[56]

o Fuller NP40 Lead acid AGM

s 12V 40Ah
s £8699
e 197x165x140mm
o 142Kg
[57]

The lithium battery is considerably more expensive; however it’s under half the weight.
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s Li-lon

s 20,000mAh

e 12.6-10.8V Qutput
o £29.67

e 155x75x40mm

e 0610g

[58]

With two of these li-Ion battery packs connected in parallel they'll provide sufficient power for the
system for a fraction of the cost of the other lithium option, and a weight of 1.2kg for two batteries.
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3.2. Microcontroller Pin Allocation

Based on the 28 Pin SPDIP package used in Proteus.

Table 16 - Microcontroller pins

Allocation Description
Pinl MCLR Tied high as the reset won't be used
Pin 2 RAD Receiving TTL data to the particle sensor
Pin3 RAL Transmitting TTL data to the particle sensor
Pin4 ANZ UV Analogue Voltage
Pin5 RA3Z Receiving GPS data
PinG RAL Transmitting settings to the GPS
Pin7 55 Chip Select for SD Card
Pin8 VsS Ground
Ping RA7 Transmitting settings to the Wind Sonic
Pin 10 RAG Receiving Wind Sonic Data
Pin1l RCO Light Sensor SCL
Pin12 RC1 LightSensor SDA
Pin13 RC2 Input to indicate PC connected
Pin 14 VSUB3V3 Tied to ground through a capacitor, as not in use
Pin15 D- Bi Directional data for the USB connection
Pin16 D+ Bi Directional data for the USB connection
Pin17 RC6 LED
Pin 18 RCT Not Connected
Pin19 Vss Ground
Pin 20 VoD Positive Supply
Pin 21 sDI SDI Data In for the SD Card reader
Pin 22 CLK Clockfor SD Card
Pin23 Not Connected
Pin 24 SDO S Data Out for the SD Card reader
Pin 25 Not Connected
Pin 26 sCL Configured through Software for I2C temp/ humidity
pin27 SDA Configured through Software for I*C temp/ humidity
Pin 28 RB7 Digital Input for Start Button

30" Dec 2017
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3.3. Additional Components
3.3.1. LED & Holder

e 2V Forward Voltage
o 20mA Current draw
¢ (GaAsP Material

Figure 32 - LED & Holder [59], [60]

3.3.2. Connectors

3 Pin Bulgin Connector

e 3 Pin Circular Connector

e [P67

e 4A Current Rating

e £16 for the plug. £11.63 for the socket
* Gold Contact Finish

[60]. [61]

Figure 33 — 3 Pin Connector &
Socket

30" Dec 2017
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4 Pin Amphenol Connector

.
\ &S e 4 Position Circular Connector
.
S o IP67
.-x\ e 13A Current Rating

v b e £16.27 for the Plug. £10.2 for the socket
% e Bayonet Lock
¢ Gold plated Contacts
e Will be used for 5V

-

»
oy

L T
»

[62]. [63]
4 Pin TE Connectivity

. 4 Position Circular Connector

. P68

. 10A Current Rating

. £10.73 for the Plug, £6.74 for the socket
. Gold plated Contacts

. Will be used for 12V

[64]

Figure 34 - 4 Pin Socket & Connector
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6 Pin Amphenol Connector

a;«f}é
4
6':

Figure 35 — 6 Pin Connector

7 Pin Switchcraft Connector

|
lf
o

00
oG
A\

Ay

Figure 36 - 7 Pin Connector

ESD 2

¢ 6 Pin Circular Connector
e [P67 Rated
7.5A Current Rating

Bayonet Lock
£17.12 for the plug, £11.38 For the Socket

[66]

Dura Twist 7 Way

IP67 Rated

Gold Contacts

£19.15 for the plug, £11.38 For the Socket

Threaded fastener

30" Dec 2017
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PCB

Bl T
* 1.20r5PCBsin 2, 3,5 or 7 working
days
= 2 and 4 layers; 150pm technology

Price summary

Service PCB proto
Delivery term 7 working days
Estimated shipment date 10-01-2018
Quantity 5PCBs

Board surface / Order surface 0.63 dm?/3.15dm?
Prices Net Gross*
Single PCB €1592 €19.26
Total boards
Express transport €1.98 €240

Total €98.72

* The gross prices include 21.0% VAT.

[68]

Figure 37 - PCB Quote

3.3.3. Buttons
Program start switch

e Momentary switch
e 5A contact rating

e [PG7

On/Off
53

Figure 38 - Push Button
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DPCO Latching switch
o [PG6/68

s 3A contact rating

Figure 39 - Latching Button

3.3.4. Enclosures

Particle Sensor Housing

e

) s Spelsberg
e  80x80x532mm
o P66
) e £13.61
Figure 40 - Particle Sensor Housing [69]

Housing for GPS, Temp& Humidity, Light

e P66 Rated
e 52x50x35mm

e Integral Cable gland

3 L « £717

Figure 41 - Housing
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Rugged enclosure Comparison

e Panzer Spartan 3A
e 308x150x269
e £60
o P67
e 2Jkg
[71]
Figure 42 - Panzer
- ¢ Europa
e 280x210x130mm
e £3232
o P65
[
[72]
I
Figure 43 - Europa
» Phoenix Contact ECS case
o P67
¢ Handles high temperatures
[73]

Figure 44 - Phoenix contact
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e Peli 1400

s P67

e Lifetime guarantee
e 306x234x130mm
e £9398

[74]

Figure 45 - Peli Case

The Peli case was selected from the rugged case options, based on the lifetime guarantee and
meeting the specifications.

4. Final build

To complete the build the two batteries will be connected in parallel and mounted securely in the Peli
case, whilst allowing access to the charging leads. The PCB will be mounted to the underside of the
lid using stand offs allowing easy access to the sd card slot, any holes through the exterior of the case
will be suitably waterproofed with flowable silicone. The two buttons, LED and USB connector will
all be mounted on a piece of folded aluminium mounted inside the case, where they’ll be protected
from the elements. The panel mount connectors will be fitted on the back side of the case (opposite
the handle). and the case will be mounted onto the Aluminium fold out frame that the sensors attach
to. the box handle pointing towards the sky to allow easy opening of the case.

The various sensors will all be mounted in the smaller enclosures and fitted in suitable places on the
frame. Care will be taken to allow the sensors to operate properly, so the light sensor will be
mounted in such a way that it can see the sky easily, whilst keeping the box waterproof. Similar care
will be taken with the other sensors.
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5. Circuit Design

Complete circuit designed in Proteus.

ESD 2
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Figure 46 - Proteus Circuit Design

30" Dec 2017
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c7 A MAX232 IC was used to convert the RS232 data
coming from the anemometer into a TTL format

< w7 which is suitable to connect to the microcontroller.

! 1 This entails converting the £12V levels down to 0-

i - 5V. Some additional charge pump capacitors are
i a—%ﬁ E.ur ;-: - required for the IC to work should the data need to
oot L=
Vi
Ve

4= c13 z be switched the other way.
cs

- The GPS sensor has a standard TTL output so doesn’t
T require any signal conditioning or modifications. The
b i
&

circuit for the CC2 sensor was found in the datasheet and
requires some additional pull up resistors on the output,
along with smoothing capacitors on the power.

§
is

":l_ 11 * ﬁ‘

c8 %-l
'_| —— <] st
L * - <I> 1oa
> .
- =T .
Figure 48 - GPS & Temp / Humidity
= The serial data from the particle monitor is already at TTL.
| R3 The analogue voltage from the UV sensor goes through a
e = “ current limiting resistor and a voltage clamp before being
I i o= &5 connected to the PIC.
Lt
-
N THoat L—e T oz »-j
P RX A O etz r-o-h T
Figure 49 - Particle monitor & UV

58




P152109

Figure 50 - Power supply

Power supply consists of a 12V battery (technically two in parallel), the main voltages used in the
circuit are 12 and 5 so only the 7805 required. and capacitors are added both to the input and output
for smoothing. There’s a latching switch to apply power to everything, and a pushbutton to send a

—-i'-—

30" Dec 2017

start pulse to the PIC. SD card reader is wired per the datasheet and the USB as expected. with VCC
going to a DIG IN on the PIC, which can be programmed to interrupt, in order to download the data.

Circuit converted onto an Easy-PC schematic.

T o

Thn

The

Figure 51 - Easy PC Schematic
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Figure 52 - Magnified Easy PC Schematic

The following figures show screenshots of the PCB, the 12V, 5V and ground plane have all been

placed on the underside of the PCB.

60




P152109 ESD 2 30" Dec 2017

[Cooo| [6EH

[ X-X-]

o000

©
o0 00O
ool (o o] [ oog]

Figure 53 - Easy PC Top Silk

YR
31 k&

(0

Figure 55 - Easy PC Complete
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Figure 56 - Easy PC 3D view

Figure 57 - Easy PC 3D view 2
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Figure 58 - Easy PC bottom view

63




P152109 ESD 2 30" Dec 2017

6. Prototype software

A basic structure diagram was created for the system. showing how the data from each sensor’s
transmitted to the microcontroller.

==
| mm
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7. Costing

Itemn PartNo Q_ Suppher Cost | Total
Wind Speed Direction | WS1 1 p1 £765 | £765
Temperatre ' Hunmdity | CC2A23 1 Famell £1017] £1017
UV Level/ Brightness | PIN-020-UV 1 RS.couk £79 £79
GPS Position NAVILOCK 62371 | 1 Reichelt £55 £35
Airbome Particles HPM 1 Honeywell | £19.76 | £19.76
PCE Proto 5 | EwoCicuis | £20 | £100
Main Enclosure Peli 1400 1 Peli £0308 | £0398
Battary 20000mAh 2 Ebay £2067 | £5934
SD Card 512Mb 1 Amazon £441 | £441
7805 633-026 1 RS £0.65 | £0.65
SD Cardport 6830779 1 RS £2.82 | £2.82
USBport 739-8512 1 RS £1622| £1622
3way PCB Plug 332-333 1 RS £0.23 | £0.23
3way PCB Header 531970 1 RS £0.51 | £0.51
4way PCB Plug 531-986 3 RS £0.56 | £2.2
4way PCB Header 532-349 3 RS £029 | £1.16
6way PCB Plug 532-002 1 RS £0.64 | £0.64
6way PCB Header 532-361 1 RS £034 | £0.34
HE14 Crimps 532436 3 RS £02 ¥
Tway PCB Plug 669-5263 1 RS £0.48 | £0.48
Tway PCB Header 500-2745 1 RS £1.08 | £1.08
Crnmps 233-1895 5 RS £0.17 | £0.85
Zener 205-0047 1 RS £0.05 | £0.05
Battery Pack 20000mah 2 Ebay £2999| £5998
FIC PIC18F24K50 1 RS £1.55 [ £1.55
On/Off Switch 861-0368 1 RS £1169| £1169
RedLED 228-5972 1 RS £0.16 | £0.16
LED holder 262-2999 1 RS £1.19 | £1.19
Push Button 426477 1 RS £33 31| £22
3 Pin Connector 708-2173-ND 1 Digikey, £16 £16
3 Pin Socket 708-2186-ND 1 igikey £1163| £1163
4 Pin Connector 889-1270-ND 3 Digikey. £1627| £4881
4 Pin Socket 880-1268-ND 3 Digikey £1020| £3060
4 Pin Connector 787-8024 1 RS £1073 [ £10.73
4 Pin Socket 1224353 1 RS £6.74 | £6.74
6 Pin Connector £80-1313-ND 1 Digikey £1712 | £17 42
6 Pin Socket 880-1304-ND 1 Digikey, £1138] £1138
7 Pin Connector 5C2603-ND 1 Digikey. £1615[ £19.15
7 Pin Socket 5C2622-ND 1 Digikey £1138] £1138
Alurminum Box Section | / 1 MPierce £40 £40
Small Enclosure 73-2177 3 RS £7.17 | £2155
Med Enclosure 616-1331 1 RS £1361| £1361
Murata 10uF Cap 811-8373 2 RS £1.41 | £282
Vishay InF Cap 716-7179 1 RS £0.12 | £0.12

| Kemet 100nF Cap 538-1310 4 RS £0.13 | £0.52

| Tancap 1uF 693-3861 5 RS £143 [ £7.13
Nichicon 220nF 475-8977 1 RS £022 | £022

Total | £1.577
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8. Improvements

Improvements cab be made in some arcas such as the addition of a wider range of sensors.
Barometric pressure was not included in this specification, and would give the forecaster vital
information on how the weather may change.

Another imporvement would be the ability to transmit the data back to the forecaster in real time,
rather than looking at the past 7 days as this system offers. There’s a range of options for
transmitting the data, depending on the distance there’s a basic modem/transciever setup. For longer
ranges there’s the option of adding a GSM module which could send the data in messages to a
designated network. If the system was in a remote location where a cellaulr signal wasn’t available
Iriduim modules would allow the data to be trasnmitted through the iridum satellite network, and
then displayed on a webserver, these can be costly for trasnmitting however.

The power required for the sensors over a 7 day period was high and alternatives could have been
considered. Renewable energy would prolong the system. Solar panels could have provided power
for the system as well as giving information on changing light levels by monitoring the current
output, thus replacing the light sensor.

The Li-ion solution provided a considerable weight saving over other options, which would be
beneficial if this already sizeable system were required in remote locations.
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10. Appendices
Gill Instruments Limited
h 1
munglon vl
I |
F 51
www.gillinstruments.com
F.A.O: Steven Woodford
Qinetiq
Tel: 07717534066
Date: 19" June 2017
Quote No: 15861
Customer Ref : Email Rfg
Contact: John Crilly
To Supply:
Product and Part No. Product Description Unit Price
WINDOBSERVER 70
0-70 m/s
Wind Speed and Direction
1Hz to 4Hz Output
R5422/485 Qty 1@ £2300
No Analogue Output
No Heating
Cable Gland 10Mtr Cable
Short Base Mount

1390-70-B-132

WindView Software supplied free of charge
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S EUIIMO>C
LIS TRUMENTS

SUPPLIER OF QUALITY METEOROLOGICAL INSTRUMENTS

Customer: Steven Woodford
Company: Qinetic

Contact Number: 07717534066
Email: stevenwoodford@hotmail.com

Date | Delivery Time | Delivery Method | Currency Delivery Terms ‘ Payment Terms Valid to
| 30 Days subject to credit |
12/15/2017 ‘ ups | GBP Recipient Pays ‘ Soaliacp 1/15/2018
| I [
| - \
1 | |
Product | | |
any | Product Description | Unit Price Discount Total ex- VAT
Number | | |
0364910-002 1 CUVS Broadband UV Radiometer / 10m Cable 2,284.00 2,284.00
CARRIAGE 1 Carriage UK 20.00 20.00
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From: John Campbell <john @campbel-assocates. co.uk>
To: Woodford Steven J
Co
Subject: RE: UC Monitoring of particles and UV
Hi Steve

You should be adle to do this with the Asroqual Dust Profiler. The unit is quits compact and will run on 110v or 120v. There is an option for modem and cloud data storage. This is additional cost,

Approimate cost would be as below. ITyou Can provide your cONTact address wi can prapare an official quotation for you.

hitg:/fwww campbell it o ui/d filer-3E2%E0%S : nge

Westher station -£1,995
https://www._aerogual.com/prod.

-one-westher-sensor

SOLAR RADIATION SENSOR - £1,645
httpe \www aeroqual eam/praduct ) ilizon-pyranamater

Prices are ex VAT and carriage
Best regards

John Campbel

Campbell Associates Lrd

Sonitus Howe, Unil S Chelmaford Road Industrial Estate, Great Dunmow, Essex, CMS LMD
Tel +44 [0) 1371 871030

Fax 44 [0) 1374 879208

e, CEmobel 35500ates. CO K

“ CAMPEELL ASSOLIATES

From: Woodford Steven J [mailto: SWOODFORD @ginetig.com]

Sent: 29 November 2017 13:31

Toz James RAitton <James@campbell-associates.co.uk»

Subject: RE: UC Monitoring of particles and UV

Hi

Mo exact size, just as a measure of ai qualty. so pollutants from fossd fuels. exhaust fumes eto

Thanks

Steve

dide o e e @A T— T T Uovetorweg of panius s U7 - Wasiage BTV T T i
= =@
X 949 AN Y

vt Napsy Ry Panisad . bam Camperss Fobos com
r- L e T [ B
b @

o o C gt e o et b 8 ¢ St PemmAIIT EEOR
™ Wdtees e
B WE U Uk o mabases s 0
e B
ras wanikd b ate fin S s Wt The Aeeasl Taert Profier The Wil § gate coemgast and sl run an | o 23, Theos mae aptsn fee moden s BAtTo ot
Agpromats ook weis be e elow. [f ou e peovate pour contact sbdiei we cen prepas n offLid aucteson for vou

A 33
SOLAA RATRATION IENGOR - €140 [i
L
Frces ave en AT 3 carage
[SSPps—

o

Camvglet fanes obes 198
e Waocon amaen 1| mass L OO TSR ~
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wsefal Maery tharks
Expecred vearh valume i
Fest nusse Steves
Last seme Wondfad

Thanks for submitting a quote request

NRG Systems Sales Team <sales@nrgsystems.com>

Sent: Tue 28/11/2017 19:22
To Woodford Steven J

Hello Steven,

Thank vou for submitting a request for a quotation from our website. A member of our sales team will
be in touch with vou shortly to discuss the details and answer any of vour questions.

We'll do our best to contact vou within one business day. In the meantime, feel free to contact us at
sales@nrgsystems.com or +1 802-482-2255 x4.

Thank vou!
The NRG Sales Team

— QUOTE REQUEST -

Quote Name: Lidar
Note:

Qty Item # Description
1 4612 WINDCUBE Vertical Profiler
1 5977 Wind Iris
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RE: - 19108 - Gill Instruments WindObserver Enquiry

Jean Snelgrove <jean.snelgrove@gillinstruments.com>
Mon 04412, 0%:50

You; 'Jehn Crilly’ (john.crilly@gillinstruments.com) ¥

@J L& 15861 Qinetiq Ltd, 13...
B33 KB

Cownload 5Save to OneDrive - Personal

Hi Steven,

Please find attached our Quotation and if | can help further in any way please do not hesitate to ask.
Carriage TBC

Kind regards

Jeannie

Jeannie Snelgrove
Internal sales Support

Gill Instruments Limited
DD +44 (0)1590 613503 T +44 (0)1590 613500

From: Steven Woodford [mailto:stevenwoodford@hotmail.com]
Sent: 30 November 2017 14:56

To: Jean Snelgrove

Subject: Re: - 19108 - Gill Instruments WindObserver Enquiry

Hi,

Thanks for the reply.

70

10

Non heated

Short

If the choice was analogue or digital, then digital would be preferable

Thanks
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GRADING FORM: SMU GENERIC_GJ

STEVEN JAMES WOODFORD 7 6.3

RESEARCH-INFORMED LITERATURE

( )

y‘ Very good literature review of a good number of 1 2
available systems with a good comparison table of
relevent information with a thmbnail image of the
device in the table.80%

KNOWLEDGE AND UNDERSTANDING

( J

y‘ Good overall schematic design but a problem can be 25 2
seen. The UV Sensor is shown in the schematic to .
be connected to 12V yet the specification indicates
a working voltage of 5-10V. Very Nice pcb layout.

72%
ANALYSIS
( )
y“ Good selection of microcontroller and nice table 23 4

showing possibles for choice. Good selection of
sensors showing calcs for each one with a nicely



laid out table showing a number of sensors to be
chosen from with an image of each allowing the
user to quickly absorb the information. Likewise with
the case allowing a quick and easy selection. Good
selection of connectors and well laid out table
showing the posibilities. 78%

PRACTICAL APPLICATION AND DEP.

(

y‘ Comprehensive costings nicely put forward as a 7 2
table with price and supplier of component. "
Reasonable attempt at future enhancements.72%

SKILLS FOR PROFESSIONAL PRAC.

(

y‘ The report is well presented with very well presented 8 5
tabled data and diagrams. A very good selection of "
references. 85%
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