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Introduction

Purpose

The purpose of this report is to design and create a weather monitoring system, the report will also provide
information and specifications for the sensors that are to be used in the system.

The task that has been assigned is to create a microcontroller based weather monitoring system with the capability
to log data over a period of 7 days. There is vast number of weather monitoring systems used in the world today
with a variety of companies which manufacture these devices. The system which will be designed in this report will
have the ability to monitor the following characteristics:

e Temperature

Humidity

Wind speed

Wind direction

Air borne particle count
Sunlight brightness

UV levels

e GPS position

L
L]

L
L

This system must have the ability to read, store and reset the data on a computer via USB or SD card, it must also
have a self-sustaining power source such as a battery to allow the system to function whilst being portable.

Background

Recent research provides a wide range of availability for purchasing a weather monitoring system, to provide some
background information two of these systems have been selected and the information for these systems have been
expanded on in this report following this section. The two systems are from two separate companies as this will give
a variance of what types of systems are available in the market today.
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6250 Davis Vantage Vue Wireless Weather Station

(1)

The company a “Scientific sales, INC. was founded in 1989 to serve the needs of anyone whose activities require the
measurement of weather” (2) and this is the distribution company which the Davis company use to distribute a
number of their products.

The Davis company have a wide range of weather monitoring products, this model provides the ability to monitor a
multiple number of weather characteristics whilst providing the convenience of viewing the display remotely. This is
achieved by using a wireless display device which is compatible with the weather system.
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Magella MX600 Weather Station

This product has been created by the Columbia Weather Systems company and the “CWS was formed in 1998,
initially as a subsidiary of Hinds Instruments, Inc. which began manufacturing Capricorn weather stations in the early
1980s.” (4) This company creates a variety of products as follows,

“Columbia Weather Systems manufactures the Orion, Pulsar, Magellan, and Capricorn families of
weather monitoring systems that include weather stations for permanent installations, vehicle-
mount systems for mobile applications, and portable weather stations for rapid deployment.”

(5)

The features and specifications for both of these devices are compared in the following table.
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Comparison table

6250 Davis Vantage Vue Wireless

Magella MX600

Weather Station
Features Benefits Features Benefits
Resolution: 0.01” or 0.2mm (user-
seleetable){imm attotals= Resolution: (0.007in/tip) (0.2mm/tip)
Rain Gauge 2000mm} Rain Gauge | Accuracy: +2% at <6 inches/hour
Range: 0 to 199.99” (0 to 6553 : : .
UnitsAvailable: mm, inches
mm)
Accuracy: Greater of 4% or 1 tip
Range: 0 to 134 mph (0 to60 m/s)
Accuracy: #3% 0.02 mph to 90 mph (£3%
. ) ) . ) . 0.01 m/s to 40 m/s), +5% above 90 mph and
Wind Speed | Wind cups with magnetic switch. Wind Speed up to 138 mph (40 mys amdup to:60mys)
Resolution: 0.2 mph (0.01 m/s)
Units Available: Knots, mph, km/hr, m/s.
Measurement Range: 0-359°
Accuracy: #3° 0.02 ,ph to 90 mph (0.01 m/s
Wind . . . Wind to 40 m/s), £5° above 90 mph and up to 134
Direction Wind vane with magnetic encoder. Direction mph (40 .31/5 and up to 60 I‘EI/S) P
Resolution: 1°
Units: Degrees
Range: -40 to +158°F (-40 to 70°C)
-0.067% per ¥F (-0.12% per ¥%:C); Accuracy: +0.54°F @ 68°F (+0.3°C @ 20°C)
wemperaure reference temperature = 77F Temperature Resolution: 0.18°F (0.1°C)
Units: °C, °F.
Resolution: 1%
Range: 0 to 100% RH :::gﬁ: t?‘;iog?
Humidity Accuracy: 3% (0 to 90% RH), 4% (90 Humidity

to 100% RH)
Updateinterval: 1 minute

Accuracy: + 2% @ 68°F (10%-90% RH)
Units: % RH

Air Pressure

Resolution: 0.01” Hg, 0.1mm Hg,
0.1 hPa/mb (user-selectable)
Range: 16.00” to 32.50” Hg, 410 to
820 mm Hg, 540 to 1100.0 hPa/mb.

Air pressure

Range: 8.85 — 32.48 inHG (300 - 1100 hPa)
Accuracy: +0.015 inHg (0.5 hPa) @ 77°F
(25°C)

Resolution: 0.003 inHg (0.1 hPA)
UnitAvailable: Kpa, hPa, mbar, inHg

Forecast Icons are available to use for Measurement Range: 0-359°
Compass ., N
Icons forecast. Resolution: 1.0
Horizontal Position Accuracy: Less than
2.5M
Retransmits | Transmit wirelessly. GPS Circular Error Probability.
Accuracy: Longitude and Latitude report to
6 decimal places
Resolution: 1 minute
Time & Date | Units: Time 12 or 24 hour format NA NA
Accuracy: 8 seconds/month
Moon Phase See eight phases of the moon from NA NA
new to full.
Variable . . :
Display lef:erent display options are NA NA
i available.
Options
Alarms High thresholds from instant NA NA
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reading and 10-minute

Weather

App will link to the weather centre NA NA
Centre
Graphs can be created from the
Graphs data gathered. NA NA
(6)(7).0
Scope

Besides the original design, alternative sensors will also be researched and information on their specifications will be
provided. Using this data will aid when calculating which sensor types will be more suitable for the system that is
being designed.

At the end of this report a conclusion will be created to reflect on any findings during this report. A recommendation

and improvement section will be added to the report.
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Design

Sensors

Temperature&Humidity Sensor

Shown on the right is the Xylem sensor that provides the ability to monitor
temperature and humidity, the features and specifications for this product

are shown below.

(8)

Temperature& Humidity Sensors

Model ¢ Xylem
Features ¢ 4-20 mA output
¢ Marine grade cable with strain relief
¢ Fully encapsulated electronics
Temperature Sensor Humidity Sensor Solar Shield
Model WE700 Model WEB00 Model WE770
Specs e Type: Precision RTD Specs e Type: Capacitance Specs e Size: 4 inch
Output: 4-20 mA Qutput: 4-20 mA diameter x 8-
Range: -58 to e Range: 0 to 100% RH 1/2 inch (10
+122°F (-50 to *  Accuracy: £2% RH cm diameter
+50°C) Operating e cm)
s Accuracy: +£0.2°F or s \oltage: 10-36 VDC e Weight: 11/b.
+0.1°C e Current Draw: 3mA (454 9)
Operating plus sensor output
Voltage: 10-36 VDC Warm Up Time: 3
Current Draw: Same seconds minimum
as sensor output e Operating Temp: -40
e Warm Up Time: 3 to +131°F (-40 to
seconds minimum +55°C)
e Storage Temp: -58 e Sensor Size: 1-1/8
to +212°F (-50 to inch diameter x 7 inch
+100°C) (2.9 cm dia. x 18 cm)
e Sensor Size: 3/4 inch e Weight: 0.5 |b. (227
diameter x 4-1/2 g)
inch (2 cm diameter
x 11.4 cm)
Weight: 0.5 Ib. (227
g)
Price s $361.00 Price *  $600.00 Price o $243.00

(9)
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Temperature Sensor

Shown on the right is the 6470 sensor that
provides the ability to monitor temperature, the
features and specifications for this product are
shown below.

(10)

Wind Direction Sensor

Model

6470

Features

Specs

* o o

Sensor Type (see Charts): Platinum wire
thermistor

Time Constant:

In Still Air: 100 seconds

In Liquid: 28 seconds

Attached Cable Length: 15" (4.6 m)

Cable Type: 22 AWG direct burial cable, wires
stripped and tinned

24 AWG Shielded Cable: 800" (242 m)

22 AWG Shielded Cable: 1,200’ (260 m)
Housing Material: 316 alloy stainless steel
housing with vinyl strain relief

Housing Dimensions: 0.312" diameter x 2.5" long
(8 mm diameter x 64 mm long)

Weight: 4.5 0z. (128 g)

Resolution and Units: 1°F or 1°C (user-selectable)
Historical Data and Alarms: 1°F or 1°C (user-
selectable)

Range: -40° to +150°F (-40° to +65°C)

Sensor Accuracy: +1°F (#0.5°C) typical

Update Interval: 62.5 to 75 seconds

Current Data: Instant Reading (user adjustable)
Alarms: High and Low Thresholds from Instant
Reading

Price

£69.00

(11)
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Wind Speed &Direction

Shown on the right is the 6410 Anemometer that provides the
ability to monitor wind speed & direction, the features and
specifications for this product are shown below.

(12)

Wind Direction Sensor

Model s 6410
Features .
Specs e Sensor Type (see Charts): Platinum wire

*« & & s

thermostor

Time Constant:

In Still Air: 100 seconds

In Liquid: 28 seconds

Attached Cable Length: 15’ (4.6 m)

Cable Type: 22 AWG direct burial cable, wires
stripped and tinned

Recommended Maximum Cable Length:

24 AWG Shielded Cable: 800" (242 m)

22 AWG Shielded Cable: 1,200" (260 m)
Housing Material: 316 alloy stainless steel
housing with vinyl strain relief

Housing Dimensions: 312" diameter x 2.5" long
(8 mm diameter x 64 mm long)

Weight: 4.5 0z. (128 g)

Resolution and Units: 1°F or 1°C (user-selectable)
Historical Data and Alarms: 1°F or 1°C (user-
selectable)

Range: -40° to +150°F (-40° to +65°C)

Sensor Accuracy: +1°F (x0.5°C) typical

Update Interval: 62.5 to 75 seconds

Current Data: Instant Reading (user adjustable)
Alarms: High and Low Thresholds from Instant
Reading
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Wind Speed

Display Resolution: 16 points (22.5°) on compass
rose, 1% in numeric display
Accuracy: +3°

Wind Direction

Resolution and Units: Measured in 1 mph. Other
units are converted from mph and rounded to
nearest 1 km/h, 0.1 m/s, or 1 knot

Range: 1 to 200 mph, 1to 173 knots, 0.5 to 89
m/s, 1to 322 km/h

Accuracy: £2 mph (2 kts, 3 km/h, 1 m/s) or #5%,
whichever is greater

Maximum Cable Length: 240' (73 m). Maximum
wind speed reading decreases as length of cable
from Anemometer to ISS increases. At 140' (42
m), maximum speed is 135 mph (60 m/s). At
240', the maximum is 100 mph.

Price

£189.00

(13)
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Wind Direction Sensor

Shown below is the WE570 that provides the ability to monitor wind direction, the features and specifications for
this product are shown below.

(14)

Wind Direction Sensor

Model e WES70

Features 4-20 mA output
Marine grade cable with strain relief
Fully encapsulated electronics

1 inch mounting elbow

Specs Type: Wind Vane with potentiometer

Qutput: 4-20 mA

Range: 0-360° (352° electrical, 8° open)

Sensitivity: 1 m/s (2.2 mph)

Accuracy: 1% of full scale

Operating VVoltage: 10-36 VDC

Current Draw: Same as sensor output

Warm Up Time: 3 seconds minimum

Operating Temp: -40° to +131°F (-40° to

+55°C)

s Sensor Size: 8 1/2 inch diameter x 10 1/2 inch
(21.5 cm dia. x 26.7 cm)

e Weight: 1lb. (0.5 kg)

® @& & & & & 0 0

Price e $740.00

(15)
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Wind Speed Sensor

Shown below is the WE550 that provides the ability to monitor wind speed, the features and specifications for this

product are shown below.

(16)

Wind Speed Sensor

Model

WES50

Features

4-20 mA output

Marine grade cable with strain relief
Fully encapsulated electronics

1" mounting elbow

Specs

Type: Three cup anemometer

Threshold: <=3 mph (1.35 m/s)

Qutput: 4-20 mA

Range: >= 4 mph to 110 mph (>= 1.8 to 50
m/s)

Accuracy: 0.2 mph over the range 11 to 110
mph (0.09 m/s from 4.9 to 24.6 m/s)
Operating Voltage: 10-36 V\DC

Current Draw: Same as sensor output

Warm Up Time: 3 seconds minimum
Operating Temp: -40 to +131°F (-40 to +55°C)
Sensor Size: 7 inch diameter x 8-1/2 inch (18
cm diameter x 21.6 cm)

Weight: 1lb. (0.5 kg)

Price

$627.00

(17)
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Air Borne Particle Count Sensor

Shown below is the GP2Y1010AUOF that provides the ahility to monitor particles in the air, the features and

specifications for this product are shown below.

(18)
Wind Speed Sensor
Model e GP2Y1010AUOF
Features e 1. Compact, thin package (46.0 x 30.0 x 17.6
mm)
e 2. Low consumption current (lcc: MAX. 20 mA)
e 3. The presence of dust can be detected by the
photometry of only one pulse
e 4. Enable to distinguish smoke from house dust
e 5. Lead-free and RoHS directive compliant
Specs s Supply Voltage: -0.3 to +7V
« Input Terminal Voltage: -0.3 to VCC
+ Operating Temperature: -10 to +65 °C
+ Soldering Temperature: -20 to +80 °
Price . £8.84
(19)
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Sunlight Brightness Sensor 1

Shown below is the WE300 provides the ability to monitor sun brightness levels, the features and specifications for

this product are shown below.

(20)

Sunlight Brightness Sensor

Model

WE300

Features

4-20 mA output
Marine grade cable with strain relief
Mounting plate included

Model

WE300

Specs

Detector: High-stability silicon photovoltaic
detector (blue enhanced).

Output: 4-20 mA

Range: 0 to 1500W/m?

Spectral Response; 400 to 1100 nm
Accuracy: 1% of full scale

Operating Voltage: 10-36 VDC

Current Draw: Same as sensor output
Warm Up Time: 3 seconds minimum
Operating Temp: -40° to +131°F (-40° to
+55°C)

Sensor Size: 3inch diameter x 1-1/2 inch (7.6
cm dia. x 3.8 cm long)

Weight: 1/4 Ib. (114 g)

Price

$958.00
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Sunlight Brightness Sensor 2

Shown on the right is the 6450 solar radiation sensor that
provides the ability to monitor sun brightness levels, the
features and specifications for this product are shown
below.

(22)

Sunlight Brightness Sensor

Model

6450

Features

Specs

Operating Temperature: -40° to +150° F (-40° to
+65°C)

Storage Temperature: -50° to +158°F (-45° to
+70°C)

Transducer: Silicon photodiode Spectral
Response (10% points): 400 to 1100 nanometres
Cosine Response:

Percent of Reading: +3% (0° to £70° incident
angle); #10% (+70° to +85° incident angle)
Percent of Full Scale: +2% (0° to +90°) Supplied
Cable Length: 2' (0.6 m)

Cable Type: 4-conductor, 26 AWG

Connector: Modular RJ-11 I/O

Specifications:

Green wire: Output (0 to +3VDC); 1.67 mV per
W/m2

Red & Black wires: Ground

Yellow wire: +3 VDC +10%; 1mA (typical)
Temperature Coefficient: +0.067% per °F (+
0.12% per °C)

Reference temperature: 77°F (25°C)

Correction per degree above reference temp: -
0.067% of reading per °F (-0.12% per °C)
Correction per degree below reference temp:
+0.067% of reading per °F (+0.12% per °C)
Housing Material: -resistant PVC plastic
Dimensions (Length x Width x Height): 00" x
2.75" x 2.25" {51 mm x 70 mm x 57 mm)
Weight: 0.5 Ibs. (226 g)

Price

£219
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UV Sensor 1

Shown on the right is the SKU 421 UVA sensor which provides
the ability to monitor UVA levels, the features and
specifications for this product are shown below.

(24)
UVA Sensor
Model » SKU 421
Features .
Specs + Construction: Anodized black aluminium, sealed to IP67. Submersible to 4m short term
submersions only.
« Cable: Screened. 7-1-4-C military specification. Cable gland on sensor housing.
s« Sensor: Cosine correct head. Specially formulated diffuser.
+« Detector: GoAsP photodiode
+ Filters: Optical Glass
+« Spectral Response: 315nm - 400nm
+ Working range: 0-100W/m?2
« Qutput signal: 0-2V
+  Sensitivity: 10mV / W/m2
e Thermal drift output: (-20 to +50°C) - 0.025mV/°C
s+ Thermal drift of zero offset: (-20 to +50°C) - Typically 0.01mV/°C
¢ Output Impedance: 500
« Power supply: 5-15v DC
+« Absolute calibration error: typ. <3%, 5% max
o Cosine error: 3%
« Azimuth error: <1%
+« Longterm stability: +/-2%
« Response time: Better than 10ms
+ Weight: 200g (with 3m cable)
« Temperature range: -30 to +60°C
« Mounting: M6 x 7mm tapped hole in base. Sensor supplied with M6 x 16mm screw + 4x
1.5mm washers to suit panel thickness of 3-10mm.
« Dimension: 34mm x 67mm x 12mm
Price e £459.00
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UV Sensor 2

Shown on the right is the 6490 UV sensor which provides the
ability to monitor UV levels, the features and specifications for
this product are shown below.

(27)
UV Sensor
Model s 6490
Features .
Specs « Operating Temperature: -40° to +150° F (-40° to +65° C)

« Storage Temperature: -50° to +158°F (-45° to +70°C)

¢ Transducer: Semiconductor photodiode

¢ Spectral Response: 280 to 360 nm (Erythema Action Spectrum)

« Cosine Response: 4% FS (0° to 90° zenith angle)

« Supplied Cable Length: 2' (0.6 m)

¢ Cable Type: 4-conductor, 26 AWG

« Connector: Modular RJ-11

« |/OSpecs

« Green wire: Output (0 to 2.5VDC); 150 mV per UV Index, 364 mV per MED/hour

« Black & Red wires: Ground

« Yellow wire: +3V £10%, 2.4 mA

« Housing Material: UV-resistant ABS plastic

« Dimensions (length x width x height): 2” x 2.75” x 2.25” (51 mm x 70 mm x 57 mm)

« Weight: 0.5 Ibs. (226 g)

« Ultra Violet (UV) Radiation Dose:

« Resolution and Units: 0.1 MEDs to 19.9 MEDs; 1 MED above 19.9 MEDS

¢ Range: 0 to 199 MEDs

e Accuracy: 5% of daily total

e  Drift: up to 2% per year

¢ Update Interval: 50 seconds to 1 minute (5 minutes when dark)

« Ultra Violet (UV) Radiation Index:

« Resolution and Units: 0.1 Index

¢« Range:0to 16 Index

« Accuracy: 5% of full scale (Reference: Yankee UVB-1 at UV Index of 10 [extremely high]) plus
0.5 UV Index per 100' (30 m) of additional cable

« Cosine Response: +4% FS (0° to 90° zenith angle)

Price s £429

(28)
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GPS Sensor

Shown below is the GPS16X-HVS provides the ability to monitor sun GPS location, the features and specifications for
this product are shown below.

(29)
GPS Sensor
Model s GPS16X-HVS
Features « Allows the data logger to be synchronized to the highly accurate time of the GPS unit

e Extremely accurate timing pulse (PPS) can be used to synchronize time between the data logger
and other instruments

e Connects directly to a CR800, CR850, CR1000, or CR3000 data logger when PPP time-
synchronizing functionality is not used.

+ Differential DGPS capability using real-time WAAS or RTCM corrections yielding 3 to 5 meter
position accuracy

Specs s Receiver: WAAS enabled. 12 parallel channel GPS receiver continuously tracks and uses up to 12
satellites (up to 11 with PPS active) to compute and update the position.

e Update Rate: Factory set to 1 s between updates (Programmable from 1 -900s.)

e PPS Output: 1 Hz pulse; 1 ps accuracy (width factory set to 100 ms.)

e Baud Rate: Factory set to 38400bps.

Operating Temperature Range: -30° to +80°C

e Storage Temperature Range: -40° to +80°C

e Operating Voltage Range: 8 to 40 Vdc

e Current Drain: 65 mA active (@ 12 Vdc)
Price e f£350
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Connectors

Temperature & Humidity

e WE700 & WE600

Shown below on the left is the male connector and on the right the female connector.

Features and Benefits
2,345 79 10 and 12 way available
Solder contact termination

High-quality Mylong6 shell
Panel hole cutout diameter: 17 mm

) Mounting Type Cable Mount

) Conneclor Size Standard

) Termination Method Solder

[ Current Rating 104

[J IP Rating P65

[l Contact Gender Male

|l V\oltage Rating 500V

) Mating Type Threaded

|| Body Orientation Siraight

Il Houging Material Nylon 66

) Maximum Operating Temperature +85°C

[l Minimum Cperating Temperature -25°C

&0} Pole Format 3P

[l  Contact Material Brass

|l Contact Plating Gold
(31)
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Wind Speed & Direction

6410

L) Mounting Type

I} Connector Size

) Termination Method
Il Current Rating

[ IP Rating

L) Contact Gender

Il Voltage Rating

) Mating Type

| Body Orientalion

[l Housing Material

Shown below on the left is the male connector and on the right the female connector.

Features and Benefits

2,3 4.5 79, 10 and 12 way availabl
Solder contact termination
High-quality Nylong6é shell

Panel hole cutout diameter: 17 mm

[ Maximum Operaling Temperature

Minimum Operating Temperature

[l Pole Format

[ Contact Material

|| Contact Plating

(31)

Cable Mount

Standard
Solder
104
IPBS
Male

500 v
Threaded
Siraight
Nylon 66
+§5°C
-25°C

P

Erass

Gold
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Air Borne Particle Count

s GP2Y1010AUOF

Shown below on the left is the male connector and on the right the female connector.

Features and Benefits

2,3,4,5 79 10 and 12 way availabl
Solder contact termination
High-quality Nylong6 shell

Fanel hole cutout diameter; 17 mm

Il Mounting Type

Il Conneclor Size
Il Termination Method
Curreni Rating
[J IPRating
[l Contact Gender
|l Voltage Rating
Mating Type
|| Body Orientation
Housing Material
Il Maximum Operating Temperature
[} Minimum Operating Temperature
Il Pole Format
Contact Material

Il Contact Plating

(31)

Cable Mount

Standard
Solder
104

IP68
Male
500V
Threaded
Straight
Nylon 66
+85°C
-25°C

3P

Brass

Gold
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Sun Brightness

s WE300

Shown below on the left is the male connector and on the right the female connector.

Features and Benefits

Threaded Coupling

IF&8 rated waterproof connector
Material: Plastic

Termination: Solder

54, 10A or 15A versions available

Number of Contacis
Gender

Mounting Type
Connector Size
Termination Method
Current Rating

IP Rating

Confact Gender
Voltage Rating
Mating Type

Body Orientation
Housing Material
Pole Format
Maximum Operating Temperature
Contact Material
Contact Plating

Minimum Operating Temperature

(31)

2

Male
Front Mount
Standard
Solder
104

P68
Female
500V
Threaded
Straight
Nylon 66

2P

Brass

Gold

-25°C
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Iz

6490

Shown below on the left is the male connector and on the right the female connector.

Features and Benefits

2,3,4,5 79 10 and 12 way availabl
Solder contact termination
High-quality Nylong6 shell

Fanel hole cutout diameter; 17 mm

Mounting Type

Connector Size

Termination Method

Current Rating

IP Rating

Contact Gender

Voltage Rating

Mating Type

Body Orientafion

Housing Material

Maximum Operating Temperature
Minimum Operating Temperature
Pole Format

Contact Material

Contact Plating

(31)

Cable Mount

Standard
Solder
104
IP6S
Male
500V
Threaded
Straight
Nylon 66
+85°C
-25°C

3P

Erass

Gold
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e GPS16X

Shown below female connector, the male connector is already installed onto the GPS sensor.

(32)

Product Details

Attenuators

Wavelength range 1310 and 1550 nm

Tolerance with 5 dB element +0.5 dB

Tolerance with 6 — 30 dB elements £10% attenuation
Return loss APC = 60 dB

Service life 500 expecting mating cycles

Repeatability <0.2 dB

(33)
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PIC (peripheral interface controller)

The PIC controls the software within the system, where all other components function it is the PIC that defines how
they function. One way to see this is that the PIC is the brain where as the rest of the system is the body, the PIC will
control how the system works.

Considering all components that will be used within this system, a suitable PIC can be selected. The PIC must be
compatible with all other components installed for the entire system to work correctly. Shown below is an example
of the method used to determine how the correct PIC will be selected,

Slope
Int I C ti Dat Max 8 M .
Total # Max A/D 2 Number Max D/A nterna Zero A ,a @ -ax ax_ Signal
| . ADCC with ) Voltage ! Signal Bit 16 Bit
of A/D Resolution of D/A Resolution Cross .. i Measui
i Computation . Reference Programmable Modulator Digital  Digital .
channels (bits) Converters  (bits) detect h , Timer
(Bandgap) Ramp (DSM) Timers  Timers
Generator
5 - Fasat] 2w Sasae Eunee Zaser] e Faset| Fusar] Faset] Faset| [ Rusat]
e ? e e g L N : °
Ed L] Yes 1 8 Yes Yes 1
3 1 2 L] H
£ 2 :
3 o i H i X
o
A
a
(34)

Once all this data has been input into this selection process, a result will show compatible PIC that are available for
purchase. The selected PIC for this system is the PIC18F2458, this will be suitable for this weather system with all the
components installed within it.
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PIC18F2458

Shown to the right is the PIC18F2458
provides the control of the weather system,
the features and specifications for this
product are shown below.

Features

Full Speed USB 2.0 (12Mbit/s) interface
+ 1K byte Dual Port RAM + 1K byte GP RAM

e Full Speed Transceiver
e 16 Endpoints (IN/OUT)
¢ Internal Pull Up resistors (D+/D-)
e 48 MHz performance (12 MIPS)

¢ Pin-to-pin compatible with PIC16C7X5

Parameter

Name

Program Memory Type
Program Memory (KB)
CPU Speed (MIPS)
RAM Bytes

Data EEPROM (bytes)
Digital Communication
Peripherals

Capture/Compare/PWM
Peripherals
Timers

ADC

Comparators

USB (ch, speed,
compliance)
Temperature Range (C)
Operating Voltage Range

V)
Pin Count

Value

Flash

24

12

2,048

256

1-UART, 1-SPI, 1-
12C1-
MSSP(SPI/I2C)
2 Input Capture,
2 CCP,

1 x 8-bit, 3 x 16-
bit

10 ch, 12-bit

2

1, FS Device

-40 to 85
2t0 55

28
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Circuit Diagrams

Temperature Sensor

s Xylem - WE700

Temperature IP D—l_

(4-20mA) - o
i e i {>> Temperature OP
250R 100R: : B
ZN D5 ——C1
1N5231B - 100nF.
Components Description Displayed on the left is a list of Signals Input/output
R1 2500 (Resistor) components that are within the Temperature IP Input
R9 100Q (Resistor) circuit diagram. Temperature OP QOutput
D5 Diode ) o GROUND Ground
c1 100uF (Capacitor) | ©On the right side is a list of the GROUND Ground

signals and the direction of flow.
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Humidity Sensor

o Xylem - WE600

-Humidity IP [ o
Cmaomd)y Ry
R3. L o o——0> Humidity OP
250R - ; . . . C
SE TR sy
= IN5231B | . 100nF.
Components Description Displayed on the left is a list of Signals Input/output
R1 250Q) (Resistor) components that are within the circuit Humidity IP Input
R9 100Q (Resistor) diagram. Humidity OP Output
D5 Diode ) o . GROUND Ground
c1 100uF (Capacitor) On the right side is a list of the signals GROUND Ground

and the direction of flow.
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Wind Speed Sensor

s 6410 Anemometer

+12V

RV2

L
=
™

-.,E E -
s 1 » » {>> Wind Speed
o 100R
1k ZN D8 L C9
1N5231E 100nF
@

Components Description Displayed on the left is a list of Signals Input/output
RV2 Sensor components that are within the +12 Input
R16 1000 (Resistor) circuit diagram. Wind Speed Output

D8 Diode . o GROUND Ground
) 100uF (Capacitor) On the right side is a list of the
signals and the direction of flow.
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Wind Direction Sensor

s 6410 Anemometer

+12V

RV1

R13

ae ﬁ - i "
- - } . ® {>> Wind Direction
o 100R
1k ZN D7 = C8
1N5231 B 100nF
<
Components Description Displayed on the left is a list of Signals Input/output

RV1 Sensor components that are within the +12 Input
R13 100Q (Resistor) circuit diagram. Wind Direction Output
D7 Diode ) o GROUND Ground
c8 100uF (Capacitor) On the right side is a list of the

signals and the direction of flow.
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Air Borne Particle Count Sensor

s GP2Y1010AUOF

VCC/DD

RV4

A

ﬁ -
g 1 > v > Particle OP
o 100R
1N5231B 100nF
L
Components Description Displayed on the left is a list of Signals Input/output
RV4 Sensor components that are within the circuit +12V Input
R10 100Q (Resistor) diagram. Particle OP Output
D6 Diode ) o . GROUND Ground
c7 100uF (Capacitor) On the right side is a list of the signals
and the direction of flow.
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Sun Brightness Sensor

¢ WE300 Solar Radiation Sensor (10V / 0.004A = 2.5QK)

Sun Brightness IP [

R4
RS 1 > £> Sun Brightness OP
2500R 100R (1-5V)
D2 = C3
—— 1N5231B 100nF
Components Description Displayed on the left is a list of Signals Input/output

RS 25000 (Resistor) components that are within the circuit Sun Brightness IP Input
R4 100Q (Resistor) diagram. Sun Brightness OP Qutput
D2 Diode GROUND Ground
c3 100uF (Capacitor) On the right side is a list of the signals GROUND Ground

and the direction of flow.
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UV Sensor

s 6490 UV Sensor

uviP >

R7

2500R
Components Description
R7 25000 (Resistor)
R6 100Q (Resistor)
D3 Diode
c4 100uF (Capacitor)

R6
1 ® > {> uvor
100R (1-5V)

C4

1N5231B

2N D3 -

as

Displayed on the left is a list of

components that are within the circuit
diagram.

On the right side is a list of the signals

100nF
Signals Input/output
Uv IP Input
Uv OP Qutput
GROUND Ground
GROUND Ground

and the direction of flow.
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GPS Sensor

e GPS16X-HVS

{> GPS OP

1N5231B

Components Description
RV3 GPS Sensor
R8 100Q (Resistor)
D4 Diode
Cc5 100uF (Capacitor)

Displayed on the left is a list of
components that are within the circuit
diagram.

On the right side is a list of the signals
and the direction of flow.

ZN D4 - C5

[ 100nF

(1-5V)
Signals Input/output
+12V Input
GPS OP Output
GROUND Ground
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PIC (peripheral interface controller)

e PIC18F2458

U1
Wind Speed = RAQ/ANO RCO/T10SO/M1CKI 12 > System Logging
Wind Direction ; RAT/AN1 RC1/T10SI/CCP2/UOE 3 RCVEC
HUMIDITY OP = RA2/AN2IVREF-/CVREF RC2/CCP1 —= SUN BRIGHTNESS OP
=— RA3/ANI/VREF+ RCA4/D-VM [—= D-
I =—] RA4/TOCKI/C10UT/RCY RCS/D+VP (—= D+
SS «J——r5—| RAS/AN4/SSILVDIN/C20UT RCB/TX/CK (=] USB
Temperature OP [————] RA6/0SC2/CLKO RC7/RX/DT/SDO > sbo
SDI g; RBO/AN12/INTO/FLTO/SDI/SDA
CLOCK <3} £5— RBI/ANTO/NT1/SCK/SCL
GPS OP 59| RBZANS/INT2VMO D
PARTICLE OP o5 RB3/AN9/CCP2VPO 0OSC1/CLKI CG
UV OP 52—| RB4/AN11/KBIO/CSSPP 7
2= RBSIKBI1/PGM VUSB —l I—o
55— RBE/KBI2IPGC 4 VEGVOD-— il
RB7/KBI3/PGD RE3MCLRVPP ——P> n
PIC18F2458
Components Description
cé6 470nF (Capacitor)
U1 PIC18F2458
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LE.D's

Shown below is the circuit for the L.E.D linked to the Power on switch,

VCC/VDD

R14

100

Components Description
R14 100Q (Resistor)
D10 L.E.D

Displayed on the left is a list of
components. On the right side is a list of
the signals and the direction of flow.

Signals Input/output
VCC/VDD Input
Ground Ground

Shown below is the circuit for the L.E.D linked to the System Logging on switch, as requested this L.E.D will be
programmed to blink when the system is running.

SYSTEM LOGGING [>—____}

R15

D11

%

Components Description Displayed on the left is a list of Signals Input/output
R15 100Q (Resistor) components. On the right side is a list of SYSTEM LOGGING Input
D11 L.E.D the signals and the direction of flow. Ground Ground
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Calculations

Wind Speed

The measurement for wind speed will be calculated by counting the total rotations of the anemometer, this will be
from 1RPM — 6000RPM, and this will be calculated into revolutions per second by the following calculation.

L _ 0.016RPS 6000 _ 100RPS
60 60

This calculation will give the results of how many rotations are complete in a second, this result will then be
converted to a voltage to allow the PIC to calculate a readable result.

Temperature

The temperature sensor has a range to collect results from -50 to +50 degrees. Every change of half a degree will be
recorded by the PIC, this has a resolution of 400 which is within the limits of 10 Bit this is equivalent to 1024
resolution.

GPS

The GPS sensor has a factory setting of 38400bps, converting this to megabits = 0.37mb per second.
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Data Transfer and Storage

SD Card

The ability to transfer data via an SD will be available on this system, this function was a requirement when designing
the system. The SD card must be a sufficient size to allow all the collected data from a seven day period to be
transferred to it successfully, the size of the SD card will be determined via a calculation which will take all elements

of data size into account.

Shown below is the circuit diagram regarding the SD card port that is compatible with this system.

SD1

L ®r - - - f4t—
ss [p— cs
1 w
(W)
spo p— o1 ! o
SDI «<}——— DO ! a
CLOCK [»— CLK \
= X
Pin Function Signal
cs Power/Identification SS
DI Data out SDO
DO Datain SDI
CLK Synchronisation CLOCK
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The sensors in this system will be collecting data for the different weather elements, each sensor will require a size
of memory for every second of which it records data. This amount of data must be calculated for each
sensor/characteristic in order for the correct calculation to be made for the total capacity of the SD card. The
following table displays the results for each characteristic within the seven day cycle from the weather system, the
results for each characteristic are shown in a 1 second form and this will be later expanded into the seven day

period.

Data Time Resolution
Sharecterisle (bits) (Seconds) (Kb) Per Second
Temperature 10 30s 1024
Humidity 10 30s 1024
Wind speed 12 0.5ms 4096
Wind direction 12 0.5ms 4096
Air borne particle count 8 S5s 256
Sunlight brightness 8 1s 256
e UVlevels 8 1s 256
e  GPS position 8 1s 256
Total 76 11264kb (11.264mb)

The memory that will be used in one second is 11.264mb, the system will be recording data on a seven day cycle. A
calculation will provide the result for full data usage over a seven day period.

e 10080 minutes in a week.

11.264mb * 10080 = 113.54gbh

The total data used over a seven day period will be 113.54gb, this will require a SD memory card with a minimum

storage capacity of 114gh.
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USB

The system requirements stated that the design must allow for the weather system to be accessible via a computer,
the data within the system should be transferrable and resettable using this method. To complete this objective a
circuit for a USB connection has been created and connects directly to the PIC, this will give the system the ability to

connect to a computer, thus completing the task of allowing data transfer and the reset of any data from a separate
computer.

Shown below is the circuit diagram regarding the USB that is compatible with this system.

J1

usB <}

D+

USBCONN & @

o
.|I
F=S =] ] BN

Pin Function Signal
VCC Power uUsB

D+ Datain D+

D- Data out D-
GRN Ground Ground
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Battery

The system will need a suitable power source to function correctly, this will include the factors such as that the
system will need to function for a period of seven days. The system is required to be portable therefore a battery
source will be needed to power the system, this will be the largest and heaviest part of the design. When selecting
the battery a consideration of the total current being draw from the system of a seven day period will be taken into
account, this means a high amp hour 12V battery will be required. Show below is the selected battery for this design.

> Dimensions (LxWxH): 5.95 x 3.89 x
3.71in

> Terminal Height: 3.94
> Weight: 9.2 Ib
> Shipping Weight: 11 Ib

> Terminal Type: 0.31 inch tab with a
hole for a 4mm screw

> Maximum Charging Current: 4.5 A
> DC Qutput Voltage: 12 V

> Amp/Hr: 15 AH

> Model: UB12150

> Manufacturer: Universal Power
Group

(37)

(38)

Operating Temperature: -4 ° to 140
oF

Charging Voltage Standby Use: 13.6-
13.8V

Ambient Temp Charge: -4 ° to 122
°F

Cycle Service Charging Voltage: 14.5-
149V

Regulatory Approval: D.O.T.,
I.A.T.A,, F.A.A,, C.A.B., UL M20845

Warranty: 1 Year

Manufacturer Part #: UB12150
Made In: Asia
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Power Supply

In order for this system to function correctly it will need a sufficient power source, this will be designed via the
Proteus software package. The design will need to account for the different voltage requirements for each
component within the weather monitoring system. Shown below is a circuit diagram design that will be used for
supply power to the complete system, this should successfully allow for the correct supply voltages to be fed to all

required areas of

the system.

R17
1 I '
10k
ON
/09 PIC VCC
+12V U4
7805
SWi1
[1X1] 1 3 VCG/VDD
< Vi VO
SW-SPST [a]
z
O]
o
=1 Bt
L v —L c10 =L c11
| 100nF 10uF
— L
{ > -
Components Description Displayed on the left is a list of Signals Input/output
B1 Battery (12V) components that are within the circuit +12V Output
SW1 Switch diagram. PICVCC Qutput
U4 Voltage Regulator ) o . VCC/VDD Output
c10 100uF (Capacitor) On the ng.ht Sl.de is a list of the signals Fo— F——
c11 10uF (Capacitor) and the direction of flow.
R17 10k (Resistor)
ON Switch
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Enclosure

The system will require a type of enclosure to securly contain the the circuits and components of the system. The
case should be robust and portable, whilst this will provide protect for the components of the system it also allows
the system to be moved with ease. Not all components will be stored internally inside the selected enclose because
some sensor require exposure to the elements, an example of this is the wind sensors. To achive this the enclose
system will be maodified by adding connection points for these sensors to the wall of the enclosure.

The enclosure that has been selected is shown below along with the specifications and price, all factors were taken
into account when selecting this enclosure such as the space required to fit all components.

(39)
Int. Length (mm) 713
Int. Width (mm) 419
Int. Depth (mm) 233
Bxt. Length (mm) 788
Ext. Width (mm) 492
Ext. Depth (mm) 284
Lid Length (mm) 713
Lid Width (mm) 419
Lid Depth (mm) 46
Protection Corrosion-proof, Crushproof, Dustproof, Waterproof
IP Rating 67
Security Padlock hasps
Weight Empty (kg) 10.25
Weight with Foam (kg) 11.95

Price =£323.46

(40)
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Diagrams

Structure diagram

Controller

uSB

Display

Digital

Storage

GPS Position

UV Levels

Air Borne Particle
Count

Sunlight
Brightness

Wind Speed g

Wind Direction s

Humidity

Temp

Sensor

Sensor

Sensor

Sensor

Sensor

Sensor

Sensor

Sensor
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Software flow chart

No
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Circuit Diagram

Shown below are all of the circuit diagrams that were built and designed on the Proteus software package.

g e 05
{14}

e
{14}
g Dz o4 WO

&R ik

I Fecida
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SHSTEMLOCGG |s
r 3

; i
& = 010 =1 05 ——C1
hF 2l

T e
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Schematic Diagram

Shown below are the schematics for all circuits within this design.
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PCB Design

Shown below is the front layer of the PCB design.

Shown below is the back layer of the PCB design.

Show below is the PCB design with all layers.

Show below is the front side of a 3D design of the PCB.

Shown below is the back side of the PCB design.
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Price list

Components Type Model Quantity | Price
Sensor Temperature WE700 1 £269.09
Sensor Humidity WEBDD 1 £447.24
Sensor Wind Speed & Direction 6410 1 £189.00
Sensor Solar WE300 1 £714.09
Sensor uv 6490 1 £429.00
Sensor GPS GPS16X-HVS | 1 £350
Sensor Enclosure Solar Shield WE770 1 £181.13
System Enclosure | Peli — Protector Case 1670 1 £323.46
Capacitors All NA £8.12
Resistors All NA £5.15
Diodes All NA £6.02
PIC PIC18F2458 NA £4.62
Connector RS Pro, 3 Pole Cable Mount Circular NA 5 £5.43x5

Connector Socket, IP68, Male Contacts,
Threaded Mating
Connector RS Pro, 3 Pole Cable Mount Circular NA 5 £6.97x5
Connector Plug, IP68, Female Contacts,
Threaded Mating

Connector RS Pro SC Single Mode 5dB Attenuator NA 1 £40.50

PCB NA NA 1 £5.60

SD Card 114gb NA 1 £34.99

Battery Universal 12v 15 AH Deep Cycle Sealed | SLA-12150 1 £35.48
Lead Acid Battery
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Conclusion

The objective of this assignment was to design a weather monitoring system which could log data over a period of
seven days, the system was required to have the ability to acquire data regarding multiple elements associated with
the weather. The characteristics that were required are as follows,

e Temperature

e Humidity

s Wind speed

e Wind direction

e Air borne particle count
s Sunlight brightness

o UVlevels

e GPS position

The system was also required to be potable therefore it must have its own power source. Another object was to give
the system the ability to be accessible via a computer USB or SD card, with this the data that has been recorded by
the system must be transferable to the computer whilst also allowing any data to be reset.

Reflecting on the background information within this report, it is evident to see that there are multiple companies
that build weather monitoring systems. These company can range from providing products suitable for domestic and
home use, through to industrial sized systems that could be used by large companies. One example is that a large
refinery or farming company might invest in several sophisticated weather monitoring systems.

When investigating and analysing the types of sensors available for monitoring the required elements of the
weather, it became clear that there is a wide range of availability of sensors, each relevant to a different weather
characteristic whilst some sensors even can monitor multiple weather characteristics.

The circuit diagrams that have been designed within this report were done so using the Proteus software package.
The circuit diagrams have been broken down into sections which build up the entire circuit, for example each area of
the design has an individual circuit and these circuits are then linked together by the PIC.

The PCB was designed using the EasyPC software package, this was completed by first creating the circuit schematics
on the CCS software package and then transferring these designs to EasyPC. The PCB can be tested through the
EasyPC software package to ensure there are no faults and that the components function correctly. Using this
method, it can confirm that once the PCB has been built it will function correctly.

Reflecting back on the assignment as a whole, it is evident that the objectives for this design have been completed
with the exception of one. The PCB has not been complete, this was not due a design flaw it is a case of limited time
access to the software. Therefore with more time and accessibility the design would have been completed and fully
tested.
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Recommendations and Improvements

With any product there is always room for improvements to be made, this allows for the opportunity to enhance and
improve the original product. One example is vehicles as there are many model types of the same products that are
manufactured by companies. This design of the weather system is no exception, as there are several
recommendations for improvements that could be applied to improve this in the future.

One recommendation would be to install a solar panel to the outside of the case, which links to the battery of the
system. This will charge the battery whilst the system is in use. This improvement would allow for the selection of a
smaller batter which can decrease the overall size and cost of the system. Also the system would be easier to move
making the portabhility of the system simpler.

The range of sensors on the system is good however, more sensors can be added to collect data on more
characteristics on the weather. This will likely require a different PIC to be selected depending on the requirements
of the extra sensors, but the system will have more elements of the weather that it can monitor.
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