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Abstract

This report outlines the design of a microcontroller weather acquisition system. The system
is designed for amateur weather forecasters. The system must be portable and adaptable to
any site. Sensor selection is made from research using comparison tables to compare chosen
parameters. Connectors, power supply and casing material are selected. The final design is
presented in the form of a schematic diagram and a PCB layout. Although improvements may
be made to the design it is regarded as a success.
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1. Introduction

This report overviews the design of a weather acquisition system to be designed for amateur

weather forecasters. Data will be collected over seven days.

1.1. Design Specification

System must:

1. Be portable and adaptable to a variety of sites.

2. Measure temperature, humidity, wind speed and direction, particle count, sunlight, UV
and GPS positioning.

Use its own power source.

Store data on non-volatile memory.

Have USB connectivity.

Be made from appropriate casing.

H oo s W

Have an LED flash every 10 seconds when recording.
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2. Background Information

Weather changes are a risk to human society in various ways [1]. Weather prediction is
fundamental to reducing weather impacts. There are many types of weather systems
available. The majority of low cost systems are handheld devices which are considered
unreliable [2]. More sophisticated systems measure a range of parameters with improved

reliability, however are expensive.

2.1. Existing Systems

2.1.1. Watchdog 2900ET
‘Watchdog 2800ET’ is a portable system which measures rainfall, wind speed and direction,
temperature, solar radiation, evapotranspiration and provides connections for external

sensors (figure 1). It features USB, display and radio transmission functionality (figure 2).

Figure 1: Watchdog 2900ET (3]

WATCHDOG 2000 SERIES WEATHER STATION FEATURES

Sensors 2900ET 2700 2550 2800  Specificaions Acouracy

Wind Direction e - - 1" °

Wind Speed v - - 0, 1% 200 mph (0, 110 322 kmvh) 22 mph (£3 kmh) , £5%

Air Temperature v L4 L4 OPT 40" t0 257°F £.54°F (20.3°Clat -40 to 50°C
Reelative Humidity 4 - - 10% 1o 100% @ 5° 1o 50°C £3% at 20% 1o 100% and 25°C
Dew Point w - - -89° to 140°F (-73" 10 80°C) #4°F (12°C)

Rainfall B w OPT  0.01in (0.25 mm) 2% at < 2 in (5 cm) per hour
Solar Radiation v OPT OPT OPT  Oto 1500 Wim® 5%

Evapotranspiration v

Extemal Sensor Ports S L] L] 8 Check www.specmeters.com for
LB 1 2 2 2 FEESLI S s

Operating temperature range: -22 to 130°F (-30 to 55°C)

Figure 2: Watchdog 2900ET Specification (3]
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2.1.2. Campbell Scientific BWS200

‘BWS200’ is a research grade system (figure 3). It features analogue channels, solar panel for

battery recharge and internal memory (figure 4). It measures humidity, temperature and uses

dual anemometer and vane to measure wind speed and direction.

Figure 3: CS BWS200 [4]

Specifications

Allsensors are powered directly from the datalogger and need no external signal
condiioning.

Descriptions and brief specificalions are shown below.
Datalogger

Camgbed Scientific Model CRZ00X/CRZ 16X ~ pre-programmed, with non-volatie flash
memory.

Accuracy of Analogue Measurements: £0.25% (typical)
Memory: Up to 128,000 data vales

Typical Current Drain: Ranges from 0.2mA quiescent to 3mA during anabgue
measurement (no radia)

Datalogger Guarantee: 3 years
Wind Speed and Direction

R M Young Wind Seniry combined anemometer and windvane - suppled complete with 8
cross-arm which mounts onto a 25-27 mm outside diameter fube.

Wind Speed Range: 0 to 50ms-1
Wind Speed Accuracy: #0.5ms-1
Staling Spead: 0.5ms-1

Wind Direction Accuracy: 25"

Temperature and Relative Humidity

5215 - suppled complete with radiation shield for protection from direct sunlight and
rainfalk; mounted directly onto the BVYS enclogure.

Temperature Accuracy: £0.3°C at 25°C, £0.4°C over +5 10 +40°C /+0.9°C over -40°C to
+70'C

RH accuracy: (at 25'C) £2% over 10-90%, 4% over 0-100%
Rainfall Measurement (Optional)

The ARG100 Tipping Bucket Raingauge, if purchasad, is fixed to the ground on &
separate concrete slab.

Sensitivity: 0.20 mm of rain per tip

Funnei Diameter: 254 mm

Overal Height: 340 mm

Enclosure, Power Supply and Solar Panel

Enclosure: ENC 1012 Fibreglass Enclosure internal dimensions

305 x 250 x 120 mm. Supplied complete wilth mounting brackets for 8 25-45 mm vertical
poke

Power Supply: Yuasa NP7/12 recharge-able lead-acid battery raled 7Ah
Solar Panel: Model SOPS/X rated up to 4.5W, 260mA; power oulput quaranteed 5 years.
Radiation Measurement (optional)

The CS300 is a siicon pyranometer used to measure the slar energy from the entire
hemisphere. § uses a pholovolzic detector which creates a voltage output that is
proportional to incoming radiation. Full spacification avaidable on raquest.

Figure 4: CS BWS200 Specification (4]
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2.1.3. FTS QD Quick Deploy
‘FTS QD' is durable and suited to a variety of environments (figure 5). It features compatibility
with analogue and digital sensors, USB and SD card functionality and radio connectivity (figure

6). It measures wind speed and direction, UV and temperature.

Figure 5: FTS QD [5]

Key Features:

* Increased reliability

= No assembly

= Lasts longer (better investment than Yagis)

= Does not need aiming in most locations

= Optional aimable mount available if aiming required
= (Cabinet top mounting eliminates exposed wiring

= Extremely rugged

= Optional: Integrated GPS Antenna available.

= Optional: aim-able mount (if required).

Figure 6: FTS QD Specification [5]
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2.1.4. HOBO RX3000
‘HOBO RX3000" measures temperature and humidity, wind speed and direction, barometric
pressure, photosynthetic light and more (figure 7). It features wireless connectivity, alarm

notifications through mobile app, internal memory and display (figure 8).

Fetrry Mo Sedon

Figure 7: HOBO RX3000 [6]

Operating Range: -40° to 60°C (-40° to 140°F); no remote communications for battery voltage less than 3.9V DC

Smart Sensor Connectors: 10

Smart Sensor Network Cable Length: 100 m (328 ft) maximum

Smart Sensor Data Channels: Maximum of 15 (some smart sensors use more than one data channel; see sensor manual
for details)

Module Slots: 2

Logging Rate: 1 second (RX3001 and RX3002) or 1 minute (RX3003) to 18 hours

Time Accuracy: #8 seconds per month in 0° to 40°C (32°F to 104°F) range, #30 seconds per month in -40° to 60°C (-40°F
to 140°F) range

Battery Type/Power Source: 4 Volt, 10aHr, rechargeable sealed lead-acid; external power required using one of these
options: AC power adapter {AC-U30), solar panel (SOLAR-xW), or external power source 5V DC to 17 VC DC with
external power cable (CABLE-RX-PWR)

Rechargeable Battery Service Life: Typical 3-5 years when operated in the temperature range -20° to 40°C (-4°F to
104°F); operation outside this range will reduce the battery service life

Memory: 32MB, 2 million measurements, continuous logging

Alarm Notification Latency: Logging interval plus 2-4 minutes, typical

Enclosure Access: Hinged door secured by two latches with eyelets for use with user-supplied padlocks

LCD: LCD is visible from 0° to 50°C (32" to 122°F); the LCD may react slowly or go blank in temperatures outside this
range

Materials: Outer enclosure: Polycarbonate/PBT blend with steel hinge pins and brass inserts; Inner enclosure:
Polycarbonate; Gaskets: Silicone rubber; Cable channel: EPDM rubber; Cable opening cover: Aluminum with ABS plastic
thumb screws; U-Bolts: Steel with zinc dichromate finish

Size: 186x 18.1x118em (7.3x7.1x4.7in.)

Weight: 2.2kg (4.85 |b)

Mounting: 3.8 em (1.5 inch) mast or wall mount

Environmental Rating: Weatherproof enclosure, NEMA 4X (requires proper installation of cable channel system)

Figure 8: HOBO 3000 Specification [6]
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2.1.5. Delta-T WS-GP2

‘WS-GP2' is designed for remote sites (figure 9). It features 12 input channels with USB and SD

card functionality (figure 10 and 11). It measures temperature, soil moisture and wind using a

dual sensor.

GP2 Data Logger - Brief Specs

e
L

-
9
=

o

«fi)

~

Figure 9: Delta-T WS-GP2 [7]

Specification Range/ Note
-0.17 to +2.7V 0.005% + 1154V
at25°C
*23mv 0.022% + 12pV
Analog accuracy
-0.17 to +2.7V 0.04% + 150§V
-20°C to0 +60°C
*23m\V 0.08% + 27pV
Accuracy other See detailed specification in GP2 User Manual
Readings 2.5 million {approximately) depends on program settings
Logging 15 to > 24 hours
frequency
Logging status Flashing LED
Environmental -20°C to +60°C. IP4S
Power & AA alkaline batteries or external power 10-15V DC
12 differential (or 24 single-ended) analog inputs configurable as: Voltage, Resistance (12 3-wire or 24 2-wire), Bridge (12),
Potentiometer (12)
Input e -
4 digital inputs as: Counters, (2 fast + 2 slow), Frequency, Digital state
connections

1 Delta-T WET sensor channel

Or

1x SDI-12 digital bus InterfaceUnlimited virtual channels

Figure 10: GP2 Data Logger Specification [7]
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WS-GP2 Sensors - Brief Specs

Specification
Wind speed AN-WD2 (combined wind sensor)
Range Oto75ms

+0.1ms?
Accuracy

+ 1.1% of reading

Starting threshold O.4ms?

Wind direction AN-WD2 (combined wind sensor)
Accuracy +4°

Starting threshold O4mst
Rainfall RG2+BP
Sensitivity 0.2mm per tip
Humidity RHT2nl (combined air temp sensor)
+2%RH
Accuracy
+25%RH

Alr temperature RHT2nl (combined RH sensor)

Accuracy =0.1°C

Range / Note

Up to 10m.s*
Over 10ms?

-30°C to +70°C ificing minimal

mechanical: O to 360°
electrical: O to 3567

-30°C to +70°C (if icing minimal)

up to 360 mmbr?

5to95%RH

<5% and >95% RH

0to70°C

Figure 11: GP2 Sensor Specification [7]
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2.2. Product Comparison

Below is a comparison of products (table 1).

Watchdog | CSBWS200 | FTSQD [5] HOBO Delta-T WS-
2900€ET [3] (4] RX3000 [6] GP2 [7)
i I;"‘v ‘-.._~ g 7™ ?
4 &
Power
Power Source 4 % AA 12 X lithium 3x9V, 4V, 10a/h 2x12V,
7.5a/h 14a/h
Sensors
Analogue/Digital 5 0 4 15 12
Channels
Temperature (°C) | Yes (-32- Yes (-30 - Yes Yes Yes
100) 70)
Humidity (%) Yes (10 to Yes (0 to Yes (0 to Yes Yes
100) 100) 100)
Wind Speed Yes (0-241) | Yes (0-180) Yes Yes Yes
(km/h)
Wind Direction Yes Yes Yes Yes Yes
uv No No Yes Yes No
Connectivity
UsB Yes Yes Yes Yes Yes
SD Card No No Yes Yes Yes
Wireless Yes No Yes Yes Yes
Radio No No Yes Yes No
Other
Internal Memory Yes Yes Yes Yes Yes
Display Yes Yes Yes Yes No
Price £2,084.50 £1,789.98 £5,978.67 £7,890.87 £3,989.55

Table 1: Product Comparison

Majority of products on the market measure all parameters from the specification. They all use

internal memory as the main source of storage and feature USB and SD card compatibility.

Higher end products feature radio and wireless communications. The finished product based

on the specification should be priced at £2,000-£4,000.
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3. Design Procedure

The design process consisted of component analysis which ensured optimal component

selection.

3.1. Wind Speed and Direction
The ‘Beaufort’ scale was used to obtain a range for measuring wind speed. From the scale 0 to
+70mph is suitable [8]. Existing products measure wind speed and direction using dual sensors.

Technologies used in dual sensors are outlined:

¢ Mechanical: Uses mechanical anemometers for speed which are duelled with a vane
to measure direction. Revolutions of the anemometer or direction of the vane outputs

an electronic signal.
« Ultrasonic: Uses a sonic pulsing method were a pulse is sent and the return timed to

calculate the speed [9]. Direction is calculated through which sensor receives the

pulse.

e Lidar: Relies on the Doppler-Effect where it detects changes in frequencies from

backscattered light particles from the wind [10].
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3.1.1. Sensor Type Comparison

Types of wind sensor comparison (table 2).

Mechanical Ultrasonic Lidar
Accuracy Accurate Accurate Accurate
Reliability Medium Very Reliable Very Reliable
Cost Medium Expensive Very Expensive
Score 8 8 7
C1=3 [J=2 [ =1

Table 2: Wind Sensor Type Comparison

Ultrasonic type sensors are identified as most suitable. They provide high accuracy and
reliability due to no mechanical parts [11]. Mechanical sensors suffer reliability issues and are
prone to freezing in colder climates. Lidar is disregarded due to the expense as it is used in

larger projects.
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3.1.2. Sensor Selection

Wind sensor selection (table 3).

Gill Wind FT 742-DM Lufft Vaisala YOUNG
Observer Il [13) VENTUS- WINDCAP 85000 [16]
UMB [14] [15]

- ]

Image

{

%/

o L

(=]
| e
2 Wllles

&

Speed Range 0-145 0-145 0-201 0-156
(mph)
Supply 9-30 20-30 24 9-36 9-16
Voltage (V)
Current (mA) 40 31 40 160 150
Output Analogue (0- | Analogue (4- | Analogue (0- Analogue Analogue (0-
5V) 20mA) 10V) 5V)
Cost £903.45 £1,299.99 £1,872.56 £709.38 £1,189.79
Score 14 11 11 13 12

L J=3 [3J=2 [[3-=1

Table 3: Wind Sensor Selection
The ‘Gill Wind Observer Il is regarded as most suitable. It features specified measurement

range with low current consumption and optimal analogue output (0-5V). Other sensors were

disregarded due to cost and high power consumption.
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3.2. Air Temperature and Humidity

Most systems use a dual temperature and humidity sensor which will be adopted. A
temperature range of -40 to 60°C this ensuring functionality in a variety of climates. Outlined

are types of dual humidity sensors:

(Humidity) Capacitive: Uses two thin plates with a dielectric material sandwiched

between [17], with moisture changing the capacitance.

* (Humidity) Resistive: The resistive value changes with the presence of moisture.

e (Temperature) Thermistor: The resistive value of the sensor changes with

temperature [18].

+ (Temperature) RTD: Similar to thermistors only the materials differ.

* (Temperature) Thermocouple: Measures air temperature by two dissimilar metals

joined. A difference in temperature creates a proportional voltage [19].
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3.2.1. Sensor Type Comparison

Dual humidity sensor type comparison (table 4).

Humidity Temperature
Capacitive Resistive Thermistor RTD Thermocouple
Range Wide Range | Wide Range 50°C either Wide Large Range
side of Range
centre
Accuracy Accurate Medium Accurate Accurate Medium
Sensitivity Medium Sensitive to High High High
other
vapours
Cost Inexpensive | Inexpensive Inexpensive | Inexpensive | Inexpensive
Score 12 10 11 12 11
C1=3 [C3J=2 [ =1

Table 4: Temperature and Humidity Sensor Type Comparison

Most suited is a RTD for temperature and capacitive humidity sensor. These two sensors are

commonly combined in dual sensors. They provide accurate measurement and wide

measurement range. Capacitive humidity sensors are more suited compared with resistive

sensors as they are less sensitive to external vapours. RTD is selected over thermocouples as

they provide greater accuracy.
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3.2.2. Sensor Selection

Humidity sensor selection (table 5).

FTS THS All Weather Global Campbell Michell
-3 [20] Inc 5190 Water Scientific Instruments
Probe [21] WEG600-700 EE181 [23] PC62 [24]
[22]
Image s // ’a
Supply 9.6-20 5-24 10-36 7-30 14-30
Voltage (V)
Current (mA) <1 <4 23 <1.2 4
Temperature -40 to 60 -40 to 60 -40to 55 -40 to 60 -20to 80
Range (°C)
Temperature | Analogue Analogue (0- | Analogue (0- | Analogue (0- | Analogue (0-
Output (10kQ) 1v) 20mVv) V) 5V)
Humidity Analogue (0- | Analogue (0O- | Analogue (0- | Analogue (0- | Analogue (O-
Output 1v) 1V) 20mV) 1V) 5V)
Accuracy +/-2% +/-1.5% +/-2% +/-2% +/-2%
Price £230.89 £64.89 £194.85 £88.56 £74.99
Score 16 18 10 17 15
N -: -z B -

Table 5: Temperature and Humidity Sensor Selection

‘All Weather Inc 5190° is most suitable. It has a wide operating range and optimal

measurement range. It was chosen over ‘CS EE181" due to it being less expensive with greater

accuracy. Other sensors were disregarded due to power consumption and price.
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3.3. Airborne Particle Count

Particle count measurements provide information on air quality which is measured using Air
Quality Index (AQl) (table 6). AQl is based off a PMz.s and PM1o being most relevant [25], with

a concentration range of 0 to 500ug/m? [26]. This range will be considered for the design.

24-hr Average PM, .

AQl Category | AQI Value Concentration (ug/m?3)

Good 0-50 0-154

Moderate 51-100 15.5-40.4
UsSG 101 - 150 40.5-65.4
Unhealthy 151 - 200 65.5-150.4

Very Unhealthy 201 -300 150.5-250.4

Hazardous 301 - 500 250.5-500.4

Table 6: AQI Categories [27]

Below are technologies used:

« Infrared: Works by emitting an IR beam to a chamber [28]. The more light which

returns to the sensor the less particles present.

e Laser: Works on the principle of scattered light. Larger particles scatter the light more

than smaller particles which is used to calculate particle count.
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3.3.1. Sensor Type Comparison

Particle sensor type comparison (table 7).

Infrared Laser
Accuracy Medium Very Accurate
Response Time Medium Very Fast
Reliability Medium Reliable
Score 6 9

C1=3 [C3=2 [ =1

Table 7: Particle Count Sensor Type Comparison

Most suitable is a laser sensor. These are more accurate and reliable than IR sensors due to IR
not being able to distinguish between a PMz.5s and PM1o particles [28]. This is due to the sensor

working off quantity and light dimming techniques.
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3.3.2. Sensor Selection

Particle sensor selection (table 8).

Table 8: Particle Sensor Selection Comparison

PLANTOWER | Winsen JDRK RS-PM- Honeywell Cubic OEM
Laser PM2.s5 ZHO3A *.2-4 [31] HPM Series | PM2105 [33]
PMS3003 [30] [32]
[29]
Image 4 -?
it = d
Supply 5 5 10-30 5 5
Voltage (V)
Current (mA) <80 120 100 80 160
PM Range 2:5 2.5,10 25,10 25 2.5,10
Measurement | 0 to 1000 0 to 500 0 to 6000 0 to 1000 0 to 1000
Range
(ng/m?)
Output UART (RS232 UART Analogue (0- RS232 (RS232 | UART (RS232
TTL) (RS232 5V) TTL) TTL)
TTL)
Price £20.24 £15.98 £36.49 £19.89 £22.99
Score 16 17 12 16 14
=3 [C3J=2 [ =1

Most suitable is the ‘Winsen ZHO3A'. Although this sensor has larger current consumption than
others it is the only sensor which measures optimal range. It has an optimal supply and has a
RS232 TTL output so no signal conditioning is required. ‘PlantTower’ was disregarded for being

more expensive and not having optimal range.
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3.4. Sunlight

Sunlight will be taken as relative meaning the system will measure the difference in sunlight

levels. A range of 0 to 120,000 lux is suitable with 100,000 lux being direct sunlight [34] (table

9).

Outlined are types of sunlight sensors:

o dition il]lumination

(fted) (tux)
Sunlight 10,000 107 527
Full Daylight |{1,.000 10,752
Overcast Day ||100 1075
Very Dark Day ||10 107
Twilight 1 108
Deep Twilight ||.1 108
Full Moon 01 .108
Quarter Moon ({001 0108
Starlight 0001 0011
Overcast Night ||.00001 0001

Table 9: Sunlight lux Measurement Range [35]

e Light Dependant Resistor (LDR): Type of photo resistor whose resistance is

proportional to sunlight. Generally when dark the resistance will be high and low when

light [36].

« Photovoltaic: Responds to changes in light level by outputting a proportional current

or voltage [37].

¢ Photo Diode: Diodes which respond to changes in light by producing current flow.
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3.4.1. Sensor Type Comparison

Sunlight sensor type comparison (table 10).

LDR Photovoltaic Photo Diode
Accuracy Accurate Accurate Fairly Accurate
Reliability Reliable Fairly Reliable Fairly Reliable
Cost In expensive Medium In expensive
Score 9 7 7

L 1=-3 [3J=2 [ =1

Table 10: Sunlight Sensor Type Comparison

Most suitable for sunlight is an LDR sensor. Photodiodes are less accurate as they are sensitive
to different light sources making them less reliable. Photovoltaic sensors are accurate however

are more expensive than LDR.
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3.4.2. Sensor Selection

Sunlight sensor selection (table 11).

Table 11: Sunlight Sensor Selection

PHOTASGARD BandB Domat Loxone Fuehler
AHKF [38] Brightness Control 200032 [41] Systeme
Sensor [39] Systems HFA/A [42]
AHKF-U [40]
Image e ."""t.,___.
R Bl IS
o T | ¥
Supply 15-36 12-24 15-36 24 24
Voltage (V)
Current 41 6.2 40 50 20
(mA)
Intensity 0-100,000 0-100,000 0-60,000 0-100,000 0-100,000
Range (lux)
Output Analogue (0- | Analogue (0- | Analogue (0- | Analogue (0- | Analogue (0-
10v) 10) 10v) 10v) 10V)
Price £72.00 £43.01 £62.98 £82.47 £95.46
Score 11 15 9 9 10
C1=3 [C3=2 [3J-=1

Selected for sunlight is the ‘B and B’ sensor. It has low current consumption, large

measurement range and is least expensive. Although the output is 0-10V all other sensors have

the same output configuration. Other sensors are disregarded due to high current

consumption and price.
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35 UV

Ultra Violet (UV) is measured with regard to wavelength with ranges of 100-400nm [43].
Wavelengths are made up of UV-A, UV-B and UV-C (figure 12). For the system a range of 250-

380nm would be suitable ensuring the more dangerous UV waves particularly B are measured.

ULTRAVIOLET SPECTRUM

Ultraviolet Visible Infrared
- ! -,

250 280 320 390 450
Wavelength -- Nanometers

Figure 12: UV Spectrum [44]

Below are technologies used for UV:

* Spectrophotometric/Variable Wavelength: Work by diffracting a source splitting it
into variable wavelengths [45]. This is then detected by a photo detector which

calculates the wavelength.

¢ Photodiode Array: Array of diodes which pick up UV. Each diode responds to different

wavelengths meaning various UV ranges can be measured [46].
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3.5.1. Sensor Type Comparison

UV sensor type comparison (table 12).

Spectrophotometric Photodiode Array
Accuracy Medium Accurate
Range Fixed Broadhand Available
Cost Fairly Cheap Expensive
Score 6 7

Table 12: UV Sensor Type Comparison

Most suitable is a photodiode array. These are advantageous over spectrophotometric
sensors as they can measure a broader range of wavelengths making them more versatile.
Spectrophotometric sensors although are a cheaper option are fixed to measuring for example

UV-A. This is unsuitable as a range of UV wavelengths must be measured.
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3.5.2. Sensor Selection

UV sensor selection (table 13).

Table 13: UV Sensor Selection

Apogee SU- | Opsytec UV Sglux LUV- EOC UV iSweek
100 [47] Inline Surface [49] Sensor GUVx-
Sensor [48] Probe [50] T1xGC-LA2
[51]
= -
Measurement 250-400 230-400 200-380 240-390 230-395
Range (nm)
Supply Self-Powered +/-5 7-24 1.8-5.5 1.8-5.5
Voltage (V)
Current (mA) N/A 8 30 33 0.05
Response <lms <1ms <lms 10ms 10ms
Time
Output Analogue (0- Analogue | Analogue (0O- | Analogue (0- | Analogue (O-
40mV) (0-2v) 5V) 5V) 5V)
Price £155.67 £132.44 £215.00 £89.98 £107.89
Score 15 15 13 16 16
N -: -2 B -

Most suitable is the ‘EOC’ sensor. It provides low current consumption, low power operating
voltage and is inexpensive. Although it has similar specifications to the ‘iSweek’ sensor it is

cheaper and the casing is made for outdoor use. Other sensors were disregarded for either the

output type, current consumption or price.
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3.6. GPS Positioning

GPS (Global Positioning System) works by using satellites which beam radio signals to a
receiver where the time of each signal is taken [52] (figure 13). This information is processed
to coordinates. There are two main types of GPS sensor the standard type and differential. Due

to differential mainly used in fixed applications where a large antenna is fitted it is disregarded.

1. All sotellites have
cl set to exactly
the same time sent to
system confrollers

4, The signals
travel to the
receiver delayed
by distance
traveled

Time and
3. Eoch satellite orbit position
transmits its position
and a time signal
5. The differences in
distance traveled make
each sotellite appeor to
have a different time
6. The receiver calculates the
distance to each sotellite
and can then calculate its
own position

Figure 13: GPS Workings [53]
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3.6.1. Sensor Selection

GPS sensors selection (table 14).

Table 14: GPS Sensor Selection

GPS16X-HVS US Global U-BLOX NEO- GMouse U-BLOX 6010
[54] Sat BU- 7 M Mini Mini GPS PS2 [58]
35354 [55] | GPS Module [57)
[56]
Image \o e
Supply 12 45-55 2755 5 45-55
Voltage (V)
Antenna Yes Yes Yes Yes Yes
Current 65 55 35 60 50
(mA)
Number of 12 48 56 66 50
Channels
Accuracy <15 <5 <25 <3 <4
(m)

Output PPS(1Hz) | USBOutput | RS232(TTL) | RS232(TTL) RS232
Price £48.95 £22.38 £24.57 £29.93 £21.50
Score 9 15 17 14 15

N -: -2 B -1

Most suitable is the ‘UBLOX Neo 7°. It provides low current consumption, high accuracy and a

RS232 TTL output meaning no signal conditioning is required. It also features a built in

antenna. Other sensors were disregarded due to current consumption and output type.
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3.7. Microcontroller Selection

An 8 bit microcontroller will be used. Following sections overview collecting required

information to select a microcontroller.

3.7.1. Required Pins

Number of pins required are outlined below (table 15).

Pin Type Number
Analogue 7
Digital
Power 2
USB 3
RS232 5
SPI 4
Total 23

Table 15: Required Microcontroller Pins

24-28 pins is regarded as optimal. An internal clock will be used to save pins and PCB land.
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3.7.2. Program Memory and RAM
Program memory will be required to perform seven A/D conversions, loops, counters, timers,
data storage, interfacing RS232, USB and SPI. Approximation of RAM and program memory are

below.

1kB ~ 40 lines

Code Number of Lines
Initialisation 10to 20
Analogue to Digital Conversion 10x7
Counters 201030
Timings 20t0 30
Other Code 50 to 150
Total 300

Table 16: Approximation of Lines of Software

300
Program Memory = 20 = 7.5kB

Program memory will be doubled.

Program Memory = 15kB

RAM is approximated using the program memory.

RAM = 150Bytes

RAM and program memory are over approximated allowing for errors and future features.
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3.7.3. Clock Frequency
When switched on all readings will be initially taken, therefore the cycles will be at a

maximum. Clock frequency is approximated below.

A/D conversion is approximately:

Select Channel = 4 instructions
Wait = 30us
Convert = 1 instruction
Wait = bus
Read Conversion = 12 instructions
Store Data = 100 instructions
Other = 100 instructions

Total instructions = 217 + 36us = 253us

Wind speed and direction, temperature and humidity, sunlight and UV are taken once every
second.

Cycles per second for each = 253 x 4 = 1,012 cycles

Digital inputs of the system include GPS and particle count which use R$232. Software for

RS232 will require instructions to transmit and receive data, approximated to 300 instructions.

Particle count:

Cycles per second = 300 x 4 = 1,200 cycles
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GPS:

Cycles per second = 300 x 4 = 1,200 cycles

Loops, timers and counters will also be taken into consideration.

Other instructions approx. 600 instructions

Other instrucitons = 600 x 4 = 2,400 cycles

Total = 2,224 + 2,224 + 1,012 + 1,012 + 1,200 + 1,200 + 2,400 = 10,072 cycles

Due to errors and design considerations that may need to be accounted for the cycles will be

multiplied by 100.
Cycles = 10,072 x 100 = 1,000,720 cycles

Total cycles ~1 MHz

A 1MHz clock would be optimal however many microcontrollers run at higher clock
frequencies, a 4-8 MHz clock would be suitable. Thus allowing the system to operate smoothly

and efficient on power consumption.
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3.7.4. A/D Resolution

A/D resolution is calculated for analogue inputs below.

Wind speed: 0-5V, range of 0-145 mph.

SV o 0.0345 V/1mph
145 /1mp

. 5
8 bit = 356" 0.01953V

8 bit would be suitable for wind speed.

Wind Direction: 0-5V, range of 0-359°.

4 0.0139V/1°
359~ /

8 bit would not be enough.

) 5
10 bit = 1024 = 0.0043V

10 bit would be suitable for wind direction.
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Sunlight: 0-5V, range of 0-100,000 lux.

m = 0.00005 V/llux

A large A/D resolution would be required for sunlight, however due to only relative sunlight

measured accuracy is not essential. A lux reading every 100 will be taken to reduce the

resolution.

5
1000 = 0.005V/100lux

10 bit would be suitable for sunlight.

UV: 0-5V, range of 230 to 395 nm.

395 — 230 = 165 values

5
— =0, V
e 0.0303 V/nm

8 bit would be suitable for UV.
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Temperature: 0-1V, range of -40 to 60 °C.

To increase accuracy temperature will be taken every 0.5°C.

Values for temperature = 200 values

1 o
200 = 0.005V/C
Humidity: 0-1V, range of 0 to 100%.
L 001V/1%
100 - *01V/

For temperature and humidity amplification is not required as a 10 bit resolution would be

sufficient.

A/D Resouloution = 10 bit

36|Page




3.7.5. Microcontroller Selection

Using collected information ‘Microchips’ parametric search was used to find a microcontroller.

Microcontroller selection below (table 17).

PIC18F24K50 | PIC18F2455 PIC18F2550 PIC18F2553 PIC18F45K50
[59] [60] [61] [62] [63]
e D D e e e
Number of 28 28 28 28 40
Pins
Clock 16 8 8 8 16
Frequency
(MHz)
A/D 14 10 10 13 25
Channels
A/D 10 10 10 12 10
resolution
Program 16 24 32 32 32
Memory (K)
RAM 2048 2048 2048 2048 2048
(Bytes)
Price £1.23 £2.47 £2.57 £2.92 £1.49
Score 18 20 19 16 14
[ 1=3 [—J=2 [ =1

Table 17: Micracontroller Selection

Most suitable is the ‘PIC18F2455’. It has optimal number of pins and A/D channels, matches all
parameters including a 10 bit A/D resolution and 24K of program memory. It has been selected
over ‘PIC18F24K50" due to the clock being lower as running at higher frequencies can be

inefficient on power.
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3.8. Connector Selection

Connectors must be suitable for outdoor conditions with a minimum rating of IP65. Below are

a selected series from manufactures which match the specification (table 18).

Deutsch HD10 Souriau UTP Binder Snap-in Lemo L series
[64] [65] (720 Series) [66] [67]
Image ' ’ 9\
Clw
se
IP Rating 68 65 67 67
Contact 3-9 4-23 3-8 3-9
Range
Material Plastic Plastic Plastic Plastic
Fitting Type Twist Twist Twist Push/Pull

Table 18: Connector Specifications

Following sections outline connector selection using the series above.
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3.8.1. Wind Speed and Direction

Required contacts for wind (table 19).

Connection Name of Connections Pins
Analogue Outputs Status, Wind Speed and Direction 3
Analogue Grounds Analogue OV 3

Power VDD 1
Ground GND 1
Total Pins = 8 pins
Table 19: Wind Speed and Direction Contacts Required
Eight pin configurations compared below (table 20).
Deutsch HD10 | Souriau UTP 12-8 Binder (720 Lemo L 308 [67]
9-16 [64] [65] Series) [66]
Image
Number of 9 8 8 8
Contacts
IP Rating IP68 IP65S IP67 IP67
Price £11.29 £11.20 £10.20 £15.87
Score 7 8 9 7
Cd=3 [J=2 [ =1

Table 20: Wind Speed and Direction Connector Selection

Most suited are the ‘Binder 720’ eight pin configuration. These provide IP67 rating and

competitively priced. Other connectors such as ‘Deutsch’ were disregarded as the nearest

configuration was nine pins.
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3.8.2. Temperature and Humidity

Required contacts for temperature and humidity (table 21).

Connection Name of connections Number of Pins
Power VDD 1
Ground GND i1
Analogue Outputs Humidity, Temperature 2
Total Pins=4

Table 21: Temperature and Humidity Contacts Required

Four pin configurations compared (table 22).

Table 22: Temperature and Humidity Connector Selection

Deutsch HD10 Souriau UTP Binder (720 Lemo L 307 [67]
4-4 [64] Series 10-4 [65] Series) [66)
Image
-s
Number of 4 4 5 4
Contacts
IP Rating IP68 IP65 IP67 IP67
Price £7.24 £8.35 £8.97 £11.56
Score 9 8 7 7
=3 [—J1=2 [ =1

Selected are the ‘Deutsch HD10'. They provide a 4 pin connector configuration suitable for the

sensor and are least expensive.
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3.8.3. Sunlight

Required contacts for sunlight (table 23).

Connection Name of Connections Pins
Analogue Outputs Sunlight 1
Power VDD 1
Ground GND 1
Total Pins = 3 pins
Table 23: Sunlight Contacts Required
Compared are three pin configurations (table 24).
Deutsch HD10 | Souriau UTP 10- Binder (720 Lemo L 303 [67]
3-16 [64] 4 [65] Series) [66]
Image L
®
[ N ] z'l
S
- 11
Number of 3 4 3 3
Contacts
IP Rating P68 IP65 IP67 IP67
Price £6.98 £8.35 £7.10 £7.69
Score 9 5 8 8
CJ=3 [3J=2 [ =1

Table 24: Sun Light Connector Selection

The ‘Deutsch’ 3 pin connector is most suitable. It is the least expensive and meets the

specification. The ‘Souriau’ 4 pin connector was disregarded due to the lowest number of

contacts being 4.
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3.84. UV

Required number of contacts for UV (table 25).

Connection Name of Connections Pins
Analogue Outputs uv 1
Power VDD 1
Ground GND 1

Total Pins = 3 pins

Table 25: UV Required Contacts

Three pin configurations are compared for UV (table 26). Due to a three pin ‘Deutsch’ already

selected it is disregarded.

Souriau UTP 10-4 Binder (720 Series) Lemo L 303 [67]
[65] [66]
Image
Number of 4 3 3
Contacts
IP Rating IP65 IP67 IP67
Price £8.35 £7.10 £7.69
Score 5 9 8
C1=3 [CJ=2 [

Table 26: UV Connector Selection

Selected is the ‘Binder 720’ 3 pin configuration. It provides IP67 protection and is the least

expensive connector.
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3.8.5. Particle Count

Required contacts for particle count (table 27).

Connection Name of Connections Pins

Input/Outputs RX, TX, RESET, NC, SET 5

Power VDD 1

Ground GND 1
Total Pins = 7 pins

Table 27: Particle Sensor Required Contacts

Seven pin configurations are compared (table 28).

Table 28: Particle Sensor Connector Selection

Deutsch HD10 3- | Souriau UTP 12-8 Binder (720 Lemo L 307 [67]
16 [64] [65] Series) [66]
Image
Number of 9 8 12 7
Contacts
IP Rating IP638 IP65 IP67 IP67
Price £11.29 £11.76 £11.78 £12.87
Score 7 7 6 7
C1=3 [C3=2 [ =1

Most suitable are ‘Lemo L307' connectors. They provide a seven pin configuration and

although are more expensive provide the only optimal number of contacts.
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3.8.6. Connector Configuration

GPS will be connected internally through PCB connectors. Below is an overview of selected

connectors (table 29).

Measurement/Sensor Pins Required Connector Selection Image [64],
[66], [67]
Wind Speed and Direction 8 Binder (720 series)
8 pin layout
Temperature and 4 Deutsch HD10 4-4
Humidity
Sunlight 3 Deutsch HD10 3-16 Py
/ -“-..
II‘J . III
| |
.o e )
uv 3 Binder (720 series) 3 pin
layout
L1}
Particle Count 7 Lemo L 307

Table 29: Connector Configuration Overview

Selected connectors have different configurations and will be colour coded to avoid the user

mistakenly connecting incorrect connections.
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3.9. Data Sizing

Data will be stored on non-volatile memory. Memory size calculations are below.

One Integar = 4Bytes

One Float = 4Bytes

Wind speed and direction, humidity, sunlight and UV are all taken once every second and are

stored as an integer. Temperature is taken once every second and is stored as a float value.

604,800

Readings in 7 days = = 604,800

Memory for each = 604,800 x 4 = 2,419,200 Bytes

Particle count is taken once every 10 minutes and is stored as an integer value.

604,800
600

Readings in 7 days = = 1,008

Memory = 1,008 x 4 = 4,032Bytes

GPS is taken once every seven days and is stored as a latitude and longitude so it will be

regarded as 8 bytes.
Memory = BBytes

Total:
Memory = 2,419,200 + 2,419,200 + 2,419,200 + 2,145,200 + 2,419,200 + 2,419,200
+ 4,032 + 8 = 14,519,240Bytes

Memory ~ 15MB
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15MB is the total amount of non-volatile memory to record for seven days. A 2GB micro SD
card would be optimal as they are inexpensive and would allow 7 days of data to be recorded

over 130 times. An ‘Integral 2GB" micro SD card would be suitable (figure 14).

Lock

A
integral

integral
iCro
mse2

2GB
Adapter

Figure 14: Integral SD Card

46 |Page




3.10. Power Supply

To select a suitable battery the total current must be calculated (table 30).

Component Current (mA)
Gill Wind Observer Il 40
All Weather Inc 5190 Probe 4
Winsen ZHO3A 120
B and B Brightness Sensor 6.2
EOC UV Sensor Probe 3.3
U-BLOX NEO-7 M Mini GPS Module 35
PIC18F2455 Approx. 40
LED 10
Total 258

Table 30: Current Consumption

A 44A/h battery will be required. This is unfeasible as it would not be regarded as portable. To
reduce the power sensors can be switched off when not used. Sensors taking a reading every
second are disregarded as most have an initial response greater than one second. GPS and

particle sensor can be switched off.

Particle sensor is on 20 seconds every hour.

120

— = 6mA
20

Average current draw per hour =

GPS is on once every 7 days.

35
Average current draw = T8~ 0.2mA
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The microcontroller can be put to sleep for 50% of the time.

40
Average current draw = 5= 20mA

Total (table 31):

Component Current (mA)
Gill Wind Observer Il 40
All Weather Inc 5190 Probe 4
Winsen ZHO3A 6
B and B Brightness Sensor 6.2
EOC UV Sensor Probe 3.3
U-BLOX NEO-7 M Mini GPS Module 0.2
PIC18F2455 20
LED 10

Total 89.7 mA

Table 31: Revised Current Consumption

Battery = 89.7 X 168 = 15,069.6mA

The battery will need to supply at least 12V and around 16A/h.
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3.10.1. Battery Selection

Below compares batteries (table 32).

Tracer LiFePO4 [68]

Battery Space Nimh

Monster AGM [70]

Table 32: Battery Selection

[69]
Image
Voltage (V) 24 24 24
Capacity (A/h) 20 20 16
Weight (kg) 4.7 7 9.8
Dimensions (mm) 216x150x100 214x167x95 203x151x98
Price £259.99 £546.79 £103.56
Score 14 11 13
B -3 -2 Bl -1

‘Tracer LiFePO4’ is regarded as most suitable. It is the lightest battery being under half the

weight of the ‘Monster AGM’ and is less expensive than the ‘Battery Space Nimh'.
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4. Final Design

Final design recordings are presented in the following sections.

4.1. Initial Block Diagram

Initial block diagram (figure 15).

Power Supply

Wind Speed and
Direction Sensor

Temperature and
Humidity Sensor

Particle Sensor

Microcontroller

UV Sensor

Sun Light Sensor

Process

GPS Sensor

Input

Figure 15: System Block Diagram

UsB

SD Card

LED

Output
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4.2. Circuit Schematic

Refer to ‘appendix A’ for a full schematic.

Bttery
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oo
D> v U1
7808
M Vo -5V
BAT1 2
aw
b cz

1

| 033%F [ R 3

Battery

+24¢ [— +24y [———
u3 uz2
812 7802
1Jn vo |—& L= oiow W wo | [= 330
a e
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Figure 16: Power Supply

Power Supply (figure 16):

e The 24V battery is connected to a switch.

e 7805 and 7812 regulator supplies 5V and 12V respectively.

e 7803 regulator supplies 3.3V.
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Figure 17: Wind Sensor

Wind Speed and Direction (figure 17):

e Supplied off 12V regulator.

¢ Three analogue outputs of 0-5V.

e Voltage clamp is used consisting of a 100Q resistor, 100nF capacitor and 1N4733A
Zener diode to prevent voltage exceeding 5V.

¢ Analogue ground pins are connected to ground.
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Temperature and Humidity
All Weather Inc

+oV

VDD
R4
TEMP » {> Temperature
100 Analogue (0-1v)
D4 —L cs
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e 1___F * > Humidity
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GND
D5 —C9
— 1NATIZA 100nF

Figure 18: Temperature and Humidity Sensor

Temperature and humidity (figure 18):

L

Supplied from 5V regulator.

L

Two analogue outputs of 0-1V.

e Fed through a voltage clamp and connected to A/D pins.
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Figure 19: Sunfight Sensor
Sunlight (figure 19):

e Supplied from 12V regulator.

Analgoue [0-5v)

* One analogue output of 0-10V, which is fed into a potential divider to half the voltage.

e Thisis connected through a voltage clamp to an A/D pin.

UV Levels
GUVx-T1xGC-LAZ

5

> UV Levels

ACUT R9
100
GND
Z5 D7 L_cn
= IN4T33A 100nF

T

Figure 20: UV Sensor

UV (figure 20):

e Supplied from 5V regulator.
e One analogue output 0-5V.

e Fedinto a voltage clamp and connected to A/D pin.

Analgoue (0-5V)
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Figure 21: Particle Sensor

Particle Sensor (figure 21):

* Arelayis used to switch power to the sensor. It is connected to 12V with a protection
diode preventing back EMF.

e AFETis used to control the current flow through the relay.

* Asalow output is sent to the FET it does not conduct therefore not activating the
relay.

e Asa high pulse is outputted the FET conducts activating the relay.

e This output is connected to a 5V regulator supplying the sensor.

e Set, RX and TX pins are connected to R$232 pins.

The ‘SET’ pin can be used to set the device to sleep, however it still uses 70mA of current

which is considered too high.
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Figure 22: GPS

GPS (figure 22):

e Uses same relay configuration as particle sensor.
e Supplied from 5V regulator.
¢ TXand RX connected to RS232 pins.
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Figure 23: Outputs

Outputs (figure 23):

USB: D+ and D- connected to pre-set pins with the power pin connected to digital

output.
e SD Card: CS, DI, DO and CLK all connected to pre-set pins.

e LED: Connected to digital output pin through a 4700Q resistor to ground.
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Microcontroller (figure 24):

U6
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Figure 24: Microcontroller
Below outlines microcontroller connections (table 33).
Port Description

RAO, RA1, RA2 and RA3

Analogue inputs temperature, humidity,

sunlight and UV

RA4 Digital output for LED
RAS and RA6 Digital Output for GPS and particle sensor
switch pulse
RBO and RB1 Data in and Clock for SD card

RB2, RB3 and RB4

Analogue input connections for the wind

sensor
RB5 Not Connected
RB6 and RB7 Set as RS232 for RX and TX of GPS

RCO, RC1 and RC2

Set as R$232 for Set, RX and TX of particle

sensor
RC4 and RC5 Data Negative and Data Positive connected
to USB
RC6 and RC7 Chip Select and Data Qut on SD card
RE3 Not Connected

Power Pins (Not Shown)

5V power from 7805 and ground connected

Table 33: Microcontroller Pin Connections

58|Page




4.3. PCB Layout

Below are the PCB layouts (figure 25 to 30).

Figure 25: PCB Bottom Layer
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Figure 26: PCB Top Layer
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Figure 27: PCB Composite View
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Figure 28: PCB Top 3D View
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Figure 29: PCB Bottom View 3D
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Figure 30: PCB Angled 3D View

All connectors are fitted on the outside of the board as good practise. All sensor signals are
connected through cooper tracks on top or bottom layer. To reduce tracks three copper pours

were used being 24V, 12V and 0V. The USB, SD card and LED will require extension cabling

ensuring they fit at the front of the case.
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4.4. Software Design

Below is a software diagram (figure 31).

I Timer 1 == 168 hours 7

Is Timer 2

(Every) 1sec?

Read Temperature
and Humidity

Is Timer 2

Is Timer 2 == 10 minutes ?

Figure 31: Software Diagram
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Software functions:

e Timerl timing the 7 day period.
e Timer2 timing intervals between readings.
e Every 10 minutes Timer2 is reset and starts again.

e Every 10 seconds the LED blinks.

Refer to appendix B for more diagrams.

4.5, Data Structure

Below is a data structure diagram (table 34).

599

Time 600
s
(s) -

604,798

604,799

604,800

Table 34: Data Structure Diagram
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4.6. Casing Selection

Casing must be lightweight, rugged, waterproof, be able to fit the PCB, GPS, battery and

sensors. The PCB measures 91.1x86.1mm and the battery 216x150x200mm. The dimensions

should be around 400x300x300mm. Below is casing selection (table 35).

Table 35: Casing Selection

Peli iM2750 Duratool Water MAX Nanuk 960 [74]
Storm;Case. (71] Resistant Case Waterproof
[72] trolley [73]
Image
Dimensions 559x432x322 | 610x430x310 | 687 x528 x366 | 559x432 x 328
Weight (kg) 8.2 9 5.8 8.7
IP Rating 67 65 67 67
Cost £303.98 £55.87 £172.78 £291.89
Features Wheels, Handle, | Handle, Foam | Handle, Wheels, | Handle, Wheels,
Pad Lock, Foam Internals Internal Foam Foam Internals,
internals Pad Lock
Score 12 10 11 12
-3 -2 -

The ‘Peli Im2750" was selected due to optimal dimensions, portability through handles and

wheels and protective foam internals protecting the PCB. It is also selected over the ‘Nanuk’

case as it is lighter and cheaper.
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4.7. Design Considerations

e The wind sensor requires a tripod so it can be set on site. A ‘Young 18940’ tripod is a
universal tripod which will be used priced at £300.23 (figure 32).

¢ The humidity probe requires to be shielded from rainfall to prevent it affecting
readings. A ‘Global Water WE770 solar shielding will be used priced at £197.69 (figure
32).

Figure 33: Young 18940 Tripod [75] Figure 32: GW Solar Shielding [78]
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4.8. Costing

Below is the costing (table 34).

Component Product Source Quantity Price
Code/Manufacturer
Wind Speed and Gill Wind Observer I Gill 1 £903.45
Direction Sensor
Temperature and All Weather Inc 5190 All Weather Inc 1 £64.89
Humidity Sensor Probe
Sunlight Sensor B and B Brightness Sensor B and B 1 £43.01
Particle Sensor Winsen ZHO3A Winsen 1 £15.98
UV Sensor EOC UV Sensor Probe EOC 1 £89.98
GPS U-BLOX NEO-7 U-BLOX 1 £24.57
Connector Binder 720 8 pin Binder 1 £10.20
Connector Deutsch HD10 4-4 Deutsch 1 £7.24
Connector Deutsch HD10 3-16 Deutsch 1 £6.98
Connector Binder 720 3 pin Binder 1 £7.10
Connector Lemo L 307 Lemo 1 £12.87
Microcontroller PIC18F2455 Microchip 1 £2.24
Battery Tracer LiFePO4 Tracer 1 £259.99
Voltage Regulator 7812 Farnell 1 £0.38
Voltage Regulator 7805 RS 3 £3.60
Voltage Regulator 7803 RS 1 £0.35
Switch C & K Slide Switch RS 1 £1.29
SD Card Module SD Module Mouser 1 £3.64
SD Card Integral 2GB micro SD My Memory 1 £14.99
Card
USB Module USB Module Mouser 1 £4.22
LED Green LED Farnell 1 £1.10
Relay Standard Relay (D072702) ECS 2 £6.79
FET IRF610BF Mouser 2 £0.97
Diode 1IN4733A Mouser 12 £6.96
Diode Standard Diode RS 2 £1.86
Resistor 10000 RS 12 £7.20
Resistor 4700 RS 1 £0.79
Resistor 10kQ RS 4 £3.14
Capacitor 0.1uF (Electrolytic) RS 5 £3.29
Capacitor 0.33pF (Electrolytic) RS 5 £4.62
Capacitor 100nF RS 12 £1.44
Casing Peli iM2750 Peli 1 £303.98
PCB (see Appendix) PCB Board 2 layers Euro Circuits 1 £49.83
Wind Tripod Youngs 18940 Youngs 1 £300.23
Solar Shield Global Water WE770 Global Water 1 £197.69
Total £2,366.77

Figure 34: Costing
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5. Recommendations and Conclusion

Through research of existing products improvements to the specification may be made. Many
products on the market feature wireless capabilities either through Wi-Fi or radio
transmission. This type of connectivity could improve the design as data could be sent to a
receiver or through an application. This would be advantageous as the user could access

recorded data live and would not have to go to site.

Another improvement could be to implement a display. This would give the user a form of user
interface and could display alerts when the battery is low or if any errors occur. Many products
on the market feature solar panel charging. Implementing a solar panel would be
advantageous as the battery could be made smaller and save power. The final improvement is
for the system to measure more parameters. Soil moisture, photosynthetic light, rainfall and
leaf wetness are some examples from existing systems. Although these improvements would
enhance the system the design is regarded a success as it meets the specification and is priced

competitively with other similar spec products.
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