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Introduction 
 

Within this technical report a requirement to design a simple microcontroller based marine weather 

monitor/logger. 

The data logger shall be suitable for amateur marine weather forecasting to aid in weather 

predictions. 

The are some key design criteria in which the design must meet; 

• Temperature Measurement  

• Humidity 

• Wave Height 

• Wind Speed 

• Wind Direction 

• Sunlight Brightness 

• GPS Position 

• Data obtained over 7 day periods  

• Internal memory 

• USB connectivity 

• Battery operated  

• IP Rated 

• Ease of transport & set up  

• L.E.D signal flash every 10s 

This technical document contains the back round research, design and construction information. 

The unit will require individual sensors suitable by specification to capture real world conditions 

specific to the design requirement, and be connected back to a central command centre and data 

processed via a microcontroller, and information stored internally on non-volatile memory. 

The units housing will be of rugged design and high IP rated to ensure components sensitive to 

moisture ingress are full protected from the marine environment, the pre wired connections linking 

the field monitors shall have individual pin connectors where required. 

 

Clarification, within this document the system being design will be a self-floating boyue, which will 

be designed to be situated within the confines of a marina, it must be noted this units will not be 

design to handle open sea conditions. 
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Research into Existing weather monitoring systems 
 

Within the market place there are a number of existing systems available to purchase with a number 

of applications uses, below are three systems and their applications and benefits and comparisons; 

 

 

 

1. Davis instruments 6322 wireless integrated 

sensor suite 

 

The standard version of the ISS contains a rain collector, 

temperature sensor, humidity sensor and anemometer. In 

addition to the standard weather features, the 

ISS Plus adds a pre-installed solar radiation sensor and a 

ultra-violet (UV) radiation sensor. Temperature and humidity sensors are mounted in a passive 

radiation shield to minimize the impact of solar radiation on sensor readings. The anemometer 

measures wind speed and direction and can be installed adjacent to the ISS or apart from it. 

 

On an ISS Plus, the additional solar and UV sensors are 

mounted next to the rain collector cone. Separate solar and 

UV sensors are available to upgrade a standard ISS. 

The Sensor Interface Module (SIM) contains the “brains” of the ISS and the radio transmitter.  

[1]  

 

 

 

Web Link 

https://www.coleparmer.co.uk/i/davis-instruments-6322-wireless-integrated-sensor-

suite/8640355?PubID=UY&persist=true&ip=no&keyword=&&gclid=CjwKCAiAluLvBRASEiwAAbX3GVc

6mrqv7OOGxu-WVSQv_1YRqhptjWClW0QYj5XAUp-Qw86M16nM6xoCVmYQAvD_BwE&gclsrc=aw.ds 

 

 

 

 

 

 

Figure 1 – Davis Instruments 
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2. WS-GP1 Compact Weather Station 

 

Rapid installation 

The WS-GP1 Automatic Weather Station is 

supplied pre-wired and pre-programmed and can 

be set up on-site in minutes. The system is 

delivered in two suitcase-style carry cases that can 

be used to store or transport the system. The cases 

are light enough for one person to carry. 

Tough and dependable 

Despite the low system cost, the sensors are dependable and suitable for use in demanding 

environments. The galvanised steel tripod and white painted stainless steel cross-arm ensure 

excellent physical strength. The system requires minimal maintenance. 

The internal battery provides 6 month’s operation (typical). 

Easy data collection 

Recorded weather data can be collected directly with a notebook PC, or remotely by optional 
cellular modem. In addition to the standard logging options, the WS-GP1 can log and display wind 
rose, gusts, averages (including vector average) and maximum and minimum readings, with times of 
occurrence. The GP1 Data Logger can store >600,000 readings. 

[2] 

Web Link 

https://www.delta-t.co.uk/product/ws-gp1/#overview 

 

 

 

 

 

 

 

Figure 2 - WS-GP1 

https://www.delta-t.co.uk/product/ws-gp1/#overview
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3. Bresser complete wifi weather 

station with UV monitoring & 

weather alerts 

 

 

 

 

 
               FEATURES 

• Connects to the Internet via a WiFi 
connection and once connected 
syncronises the time and date. Weather 
conditions can be published to popular 
weather website Weather Underground 
(www.wunderground.com) 

• View your live weather data on your Android or iOS mobile device via the app.  
• Colour display for time and detailed weather information 
• Displays time, day, month, moon phase, sunrise, sunset 
• The clock always shows the correct time, as it automatically synchronises via the Internet 
• Indoor temperature (°C/°F) and humidity with comfort indication 
• Indoor humidity trend arrow 
• Outdoor temperature (°C/°F) and humidity readings 
• Wind direction and wind speed 
• Graphical weather trend display (12 hours) 
• Beaufort index (scale for the classification for wind speeds) 
• Rainfall (current, hourly, daily, weekly, monthly, total rainfall) 
• UV Index reading 
• Weather forecast (sunny, partly cloudy, cloudy, rainy, stormy, snowy) 
• Barometric pressure in relative or absolute readings (hPa, inHg, mmHg) 
• Dew-point, Wind chill, Heat index 

 

Web Link 

https://www.weathershop.co.uk/shop/6-in-1-bresser-colour-wifi-weather-station 

 

 

 

 

Figure 3 - Bresser Unit 

https://www.weathershop.co.uk/shop/6-in-1-bresser-colour-wifi-weather-station
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Existing weather station system’s review 

Within this review the existing systems will be compared on a short brief comparable table 
(below). 

Its noted that there is a vast amount of weathering monitoring systems available in the market, 
most do not vary in terms of what they can and can not monitor, where the real differences 
come is when considering the environmental conditions and accuracy levels required for your 
specific requirements. 

Product 
Name  

Davis instruments 
6322 wireless 
integrated sensor suite 

WS-GP1 Compact 
Weather Station 

 

Bresser complete wifi 
weather station with UV 
monitoring & weather 
alerts 

Product 
Image 

 

  

Supplier 
Web  

www.coleparmer.co.uk www.delta-t.co.uk www.weathershop.co.uk 

Unit Cost  £481.85 £458.98  £249.99 

What it 
monitors 

• Wind Speed 
• Temperature 
• Wind direction 
• Humidity 
• Solar radiation  

• Wind Speed 
• Temperature 
• Wind direction 

• Wind Speed  
• Temperature 
• Wind direction 

Out Puts / 
connectivity 

• bluetooth • GPS 
• Wifi 

• GPS 
• Wifi 

Pro’s • Simple to use  
• Simple 

installation 
requirements 

•  

• Easy set up 
• Simple 

installation 
requirements 

•  

• Digital 
information 
display 

• Huge 
information  

• Simple 
installation 
requirements 
 

Con’s • Light use 
applications 
only 

• Limited for 
water type 
monitoring  

• Moderate use 
applications  

• Limited for 
water type 
monitoring 

• Limited for 
water type 
monitoring 
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Sensor selection & comparison 

Below tables show the back-round research into the most appropriate sensor for the given 
application, highlighted sensors are the sensors which will be used in the construction of the 
monitoring unit. 

Temperature & Humidity Sensor’s 
Technology Name  Hydrometer Thermistor  Temp & Humidity 

Combined 

Image  

  
 

Pro’s Accurate / compact / 
cost effective / simple 
installation 

Accurate / compact / 
cost effective / simple 
installation 

Accurate / Compact / 
cost effective / simple 
installation / 2 x 
sample 
measurements within 
the one device 

Con’s One measurement 
range only 

One measurement 
range only 

If the device fails you 
loose 2 x 
measurement 
applications 

 

Sensor 
Name  

HX300 – Temp & 
Humidity Sensor 

 Temperature &  

Humidity Sensor 
(CC2D25-5P) 

Pt100 Humidity & temperature 
probe 

Image  

 

 
 

Portabilit
y 

Very Good Excellent  Very Good 

Power 
Supply 

12-40 V dc 2.3-5.5 Vdc 5-30 v DC 

Power 
Supply 
Connecti
on Type 

Hard Wired Hard Wired Hard Wired 
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Data 
Signal 
Out Put  

4 – 20Ma  0-5V DC 4 – 20Ma 

Power 
Consump
tion 

40mA 0.075Ma  25mA 

Manufact
ure Web 
Link 

https://www.omeg
a.co.uk/ 

pptst/HX300GB.ht
ml 

https://www.seeedstu
dio.com 

file:///C:/Users/cston/AppData/L
ocal/Package 

 

 

 

Figure 4Humidity & temp sensor data sheet 1 

https://www.omega.co.uk/
https://www.omega.co.uk/
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Figure 5 Humidity & Temp Sensor Data Sheet 2 

GPS Sensor Selection 

GPS Sensor’s 

Technology Name   GPS  

Image   

 

 

Pro’s  Very accurate location 
positioning / global use no 
limitations on location / 
enclosed IP rated sensor 
housing 

 

Con’s  None  
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Sensor 
Name  

MikroElektronika 
GPS 

Garmin GPS Sensor 16X-HVS Adufruit GPS 

Image  

 

 
 

Portability Excellent  Excellent  Excellent  

Power 
Supply 

3.3v DC 12 V dc 3.3-5.5v DC 

Power 
Supply 
Connectio
n Type 

Hard Wired Hard Wired Hard Wired 

Data 
Signal Out 
Put  

RS-232 RS-232 RS-232 

Power 
Consumpti
on 

38mA 45mA 25Ma 

Manufactu
re Web 
Link 

https://uk.rs-
online.com/web/p/r
adio-frequency-
development 

https://www.campbellsci.co.uk/
gps16x 

https://shop.pimoroni
.com 

 

Figure 6 - GPS Data Sheet 1 
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RS-232 Connection clarification for sensors  

 

Sunlight Sensor Selection  
Technolog
y Name  

Photo-resistor Photodiode ***CHANGE TO 
PHOTO 
VOLTAIC~***** 

Image  

 

 

 
Pro’s Hight accuracy levels / compact 

/ simple installation / cost 
effective 

Hight accuracy levels / 
compact / simple 
installation / cost effective 

Hight accuracy 
levels / 
compact / 
simple 
installation / 
cost effective 

Con’s Subset able to damage  Subset able to damage Subset able to 
damage 
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Sensor 
Name  

GMX 101 Radiation 
sensor 

Grove Sunlight Sensor  

– Si1145 

LL-E-V light sensor 

Image  

 

 
 

Portabilit
y 

Very Good Excellent  Very Good 

Power 
Supply 

5-30 V dc 3 – 5.5 V dc  24V DC 

Power 
Supply 
Connecti
on Type 

Hard Wired Hard Wired Hard Wired 

Data 
Signal 
Out Put  

RS-232 4-20Ma 0-10v 

Power 
Consump
tion 

6mA 3.5mA 1Ma 

Manufact
ure Web 
Link 

https://www.omniinstr
uments. 

co.uk/weather- 

stations-and-
instruments/light-
level-sensors/gmx101-
weather-station.html 

https://thepihut.com/produ
cts/grove-sunlight-sensor 
 

file:///C:/Users/cston/A
ppData/ 
Local/Packages/Microso
ft. 
MicrosoftEdge_8wekyb
3d8bbwe 
/TempState/Downloads
/File-
1494325887%20(1).pdf 

https://www.omniinstruments/
https://www.omniinstruments/
https://thepihut.com/products/grove-sunlight-sensor
https://thepihut.com/products/grove-sunlight-sensor
file:///C:/Users/cston/AppData/
file:///C:/Users/cston/AppData/
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Figure 7 GMX 101 Data Sheet 1 
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Figure 8 GMX 101 Data Sheet 2 
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Wind Speed & Direction Sensor Selection  
Technology 
Name  

Anemometer Wind Vane Sensor  Combined Wind speed & 
direction sensor 

Image  

  
 

Pro’s Very Accurate / 
industry standard for 
measuring wind 
speed / simple 
installation 

Very Accurate / 
industry standard 
for measuring wind 
speed / simple 
installation 

Very Accurate / industry 
standard for measuring 
wind speed / simple 
installation / measures 2 x 
application in one 
instrument  

Con’s Can be easily 
damaged in rough 
conditions 

Can be easily 
damaged in rough 
conditions 

Can be damaged in rough 
conditions  

 

 

Sensor 
Name  

05106 weather 
monitor 

Wind-sonic 1  CSAT3BH 3-D anemometer 

Image  

 

 
 

Portabilit
y 

Very Good Very Good Very Good 

Power 
Supply 

15-28v DC 9-30 V DC 9.5-32V DC  

Power 
Supply 
Connecti
on Type 

Hard Wired Hard Wired Hard Wired 

Data 
Signal 
Out Put  

4-20Ma RS-232 RS-485 

Power 
Consump
tion 

30Ma 15mA 26mA 
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Manufact
ure Web 
Link 

https://s.campbells
ci.com/ 
documents/eu/man
uals/ 
05103_wind_monit
ors.pdf 

https://www.campbellsci.eu/
windsonic1 
 

https://www.campbellsci.e
u/csat3bh 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 Wind Sonic 1 Data Sheet 1 

https://s.campbellsci.com/
https://s.campbellsci.com/
https://www.campbellsci.eu/windsonic1
https://www.campbellsci.eu/windsonic1
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Wave height Sensor 
Technolog
y Name  

Pressure Sensor Stretch EM cable 
mooring system 

Ultra-Sonic Sensor  

Image  

 

 
 

Pro’s Bespoke instrument 
made to measure tidal 
veriants / very robust 
/ RS 232 out put  

Bespoke instrument 
made to measure tidal 
veriants / very robust 

Modified to be used for tidal 
measurements / susceptible 
to high moisture damage  

Con’s None  None Will require suitable housing 
but ensure no to limit the 
sensor application 

 

 

Sensor 
Name  

Vented Tide 4428 Grove – Ultra Sonic 
Ranger 

Strech EM cable mooring sensro 

Image  

 

 

 

Portabili
ty 

Very Good Very Good Good 

Power 
Supply 

5-14 VDC 5 VDC 30-50 VDC 

Power 
Supply 
Connecti
on Type 

Hard Wired Hard Wired Hard Wired 

Data 
Signal 
Out Put  

RS-232 PWM connection shown 
below image 

4-20ma 
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Power 
Consum
ption 

50mA 8Ma 100mA 

Manufac
ture 
Web 
Link 

https://www.aand
eraa.com 
/media/pdfs/Vent
ed-Pressure-Tide-
Wave-Sensor.pdf 

https://www.seeedstudio
.com/Grove-Ultrasonic-
Distance-Sensor.html 
 
 

https://www.eomoffshore.com/
stretchemcable 

 

Figure 10 Vented Wave 4428 Data Sheet 1 

 

 

https://www.aanderaa.com/
https://www.aanderaa.com/
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Figure 11 Vented Wave 4428 Data Sheet 2 
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Microcontroller Specification & Selection 

 
The microcontroller for this marine weather application will ned to be selected with the key 

requirement of the instrument’s connection preferences and the processing power required for the 

whole operation. 

Table below shows the over view of the specification required, from these points below it should be 

a minimum guidance for the selection of the microcontroller.  

 

Sensor Signal Pins Logging 
Rate 

Bits 

Wind Speed 
& Direction 

Digital 2 
(RS-232) 

 10 

Wave Height Digital 2 
(RS-232) 

 10 

Light Levels  Digital 2 
(RS-232) 

 10 

Temperature 
& Humidity  

Analogue 2  
(0-5V) 

 10 

GPS Digital 2  
(RS-232) 

 10 

     

     

RS232 digital 2   

SD Card digital 3   

USB digital 2   

SPI  1   

 

 

For the selection of the chip, utilisation of microchip.com’s (https://www.microchip.com) selector 

tool was used to narrow down and precisely highlight the correct microcontroller for the application. 

The microcontroller selected was the (ATSAMA5D27-WLSOM1) -

https://www.microchip.com/maps/Microcontroller.aspx 

 

 

 

The overview technical specification of the microcontroller can be seen in the below image (xxxx). 

 

 

 

 

https://www.microchip.com/
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PIC Data sheet - http://ww1.microchip.com/downloads/en/DeviceDoc/PIC18F2X_45K50-
30000684B.pdf 

due to the overall set criteria in which I was choosing the final results were in one device 
selection as above, the PIC18F25K50. 

Given that the research into the devices and specific 
criteria has yielded one offering I am happy to continue 
with this selection as the selection tool from 
microchip.com  

 

 

Figure 12 Micro Chip 25K50 Figure 13 Micro Chip 25K50 GA 

Figure 14 Micro Chip Data Sheet 1 

Figure 15- Micro Chip Cost 
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Non-Volatile Memory Storage  
 

System memory logging required for the rig, which would be required to store acquired data 
over a seven-day period. 

On the table below shows a quick overview of the required memory storage for the 
acquisition system can operate. 

 

Measurement  Signal Type  Bytes Logging Rate Total Bytes 

Wind Speed & 
Direction 

Digital 2 500ms 1000 

Wave Height Digital 1 500ms 
 

1000 

Light Sensor Digital 1 500ms 1000 

Humidity & 
Temperature 

Analogue 4 500ms 4000 

GPS Digital 1 500ms 1000 

 

From the above table this is the data acquired during a 7-day 24hrs a day logging of bytes is 
8,000 Bytes, which totals 8KB. 

Total memory for the 24hrs per day over 7 day is shown in the below calculation; 

Calculated Values rounded to the nearest 100. 

- 8KB/s x 60 = 0.48MB/min 

- 0.48MB x 60 = 28.8MB/hour 

- 28.8MB x 24 = 691.2MB but round to nearest 100 = 700MB / 24hrs 

- 700MB x 7 = 4.9GB rounded to nearest 100 = 5GB total Requirement  

For the removable SD card, any size from 5GB and up will have sufficient memory for the 
application.  

Due to the low cost of the SD cards I have selected the below, SD card which is 64GB well 
over specified but at £12 per unit its well within allocated budget cost.  

 

 

 

 

Figure 12 – 
Sandisk SD card 

 Figure 16 Sandisk 
Memeory Card 
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Power Supply (Rechargeable Battery) 
 

On the below table is the power requirements for the data logging system; 

                          Sensor                      Max Current mA 

Wind Direction & Speed                           50mA 

Humidity & Temperature                           1mA 

Light Sensor                           6mA 

Wave Height Sensor                           50mA 

GPS                           45mA 

LED                           20mA 

                           

                           

 

                Total mA Current                             172    mA 

 

From the above table the total maximum current is calculated at 172mA, from this we can 
work out the battery requirement as follows; 

- Capacity (Amp Hour) = Total Current (Amps) x Time (Hours) 

- Capacity = 0.172 (Amps) x 24 (Hours) = 4.12mAh 

- Capacity = 4.12mAh x 7 Days = 28Ah 

 

Figure 17 Li30 Battery 

 

https://www.batterymasters.co.uk/lithium-phosphate-batteries/li30-12-12v-30ah-lithium-iron-

phosphate-lifepo4-high-capacity-deep-cycle-battery-charger-included-l-mm-w-mm-h-mm-175-166-

125.html 



Page 25 of 36 
 

L.E.D – Indicator Lamp  
 

Below image and information dictating the chosen LED for the operational LED indicator. 

 

 

Figure 18 LED Specification & Cost 

 

https://uk.farnell.com/multicomp/mcl053hgd-5/led-5mm-5v-36-green/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://uk.farnell.com/multicomp/mcl053hgd-5/led-5mm-5v-36-green/
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Connector Selection 
Connector SD 16, 5pin Hi-rose connector XLR Connectors CDI 

connectors 

Image  

 

  

 

Cost £3.49 £10.40 £18.56 £2.34 

Durability Very Good Very Good Good Poor 

Product 
Range 
(pins/size
s etc) 

High Product 
Range 
Available in good 
variety of pin 
configure ranges  

High product range 
available in good 
variety. 

High product 
range available in 
good variety 

Limited 
range  

Positives High IP rating and 
good pin 
selection, 
Economical cost  

Good build quality 
and durable  

Product range Cheap 

Negatives None Low IP rating higher 
cost  

High cost value Poor build 
quality, 
limited on 
connector 
sizes 

 

For the connector selection I have gone with the SD range of connectors they were second 
cheapest on my review table and overall best quality and value for money. 

Below figure shows the available product range and different pin connectors, this is 
extremely important where we may have different voltages or currents operating using 
different connects will emitting the errors in wrong connects and potentially damaging 
equipment.  

            Figure 14 – Multi Pin Connector 

 

 

 

 

 

Figure 19 Connector Pin Data Sheet 
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PCB / Battery & other associated equipment Housing  

Figure 21 Enclosure Data Sheet 

Figure 20 Enclosure Cost
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Table of Cost  
 

 

Total initial cost for our prototype built…………………………………….£5,993.97 Ex VAT 

 

Part Description        Cost £       Quantity          Total 
 
  IP rated Enclosure 

      
       £56.85 

             1 
(Hylec IP65 ABS 
Enclosure) 

     
         £56.85 

Humidity & 
Temperature Sensor 

 
         £15.00 
 

 
             1 
   (CC2D25-5P) 

 
        £15.00 

Wind Speed & 
Direction Sensor 

   
        £565.95 
 

         
             1 
(Wind Sonic 1) 

 
         £565.95 

 
GPS Sensor 

 
         £178.56 
 

 
            1 
  (GPS16X-HVS) 

 
          £178.56 

 
Wave Height Sensor 

 
         £2,156.36 
 

 
            1 
(Vented Pressure 
4428) 

 
           £2,156.36 

 
       Battery 

         
         £267.95 
 

           
             1 
(Li30 Lithium 
Battery) 

          
         £11.85 

5core Flex (0.5mm2)     £0.34 per Mtr            50Mtrs           £17.00 

 
Sun Light Sensor 
 

 
       £991.00 

             
             1 
(GMX101 Sensor) 

           
         £991.00 

 
Multipin Connectors 
 

 
        £8.56 

             
              6 
(SD20/Q4 Con) 

          
          £51.36 

 
         LED’S 

        
       £1.72 
 

           
            2 
(MCL053HGD) 

         
         £3.44 

          
           PIC 

       
        £2.06 

           
             1 
   (PIC18F25K50) 

         
           £2.06 

 
Floating Buoy 
 

    
   £1,850.00 

          
            1 
(Dawson/oem) 

            
         £1,850.00 

         PCB        £67.55             1            £67.55 

 
    SD Card 

        
         £12.00 

          
            1 
(San-disc 72Mb) 

            
          £12.00 

    USB cable        £14.99              1             £14.99 

                



Page 29 of 36 
 

Proteus Design  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22- Proteous Design 1 

Figure 23 - Proteous Battery Configuration 



Page 30 of 36 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 24 - Proteous whole design 
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Easy PC Schematic 

 

Figure 25- Easy PC Schematic with Lines 

Figure 26 - Easy PC schematic 
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Easy PC PCB 
 

Figure 27 - Easy PC schematic development 1 

Figure 28- Easy PC PCB 3D View 
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Figure 30 -  Easy PC PCB 3D Back View 

Figure 29 -  Easy PC PCB Configured Lines 
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Figure 31 - Easy PC PCB 3D Copper Pour 

Figure 32- Easy PCB Component Position 
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Conclusion 
 

This review into the above marine dock / marina weather station, is to establish the potential 

upgrades in later development of the above designed system. 

As the above system has stated the mounting and system provided is a self-floating marine 

bouye, the next system application would need to be suitable to freely mount onto a moving 

vessel, for this the housing would need to be more of a portable IP rated wheeled case, 

certain instruments can be then installed on the case directly and others have strong magnet 

or electromagnets to mount to the ship surface or clamping arrangements depending on 

available steel surfaces. 

One of the largest changes would be the wave monitoring system as the current pressure 

sensor for wave monitoring fitted to the bouye is designed more for a stationary station, so 

would not be suitable for a moving vessel, the upgrade choice would be to use radar, which 

is not effected by wind, water or other environmental factors these can be mounted over 

board of a vessel with minimal engineering and produce very accurate readings. 

 

Introduction of a LED display screen to the case would be a great advantage when setting 

up the monitoring station when in the field, this will give the technician visual conformation 

when each instrument is installed and powered up that there is a positive signal coming back 

and the reading in which those signals represent i.e (wind speed MPH), this would not an 

interactive display purely a visual aid and minimum IP 66. 

 

The final improvement wold be to introduce comms communication via ship either net or an 

independent satellite communication system, the advantages of this is that the real time data 

can be viewed at a remote location, and the stored data can be downloaded at intervals of 

no greater than 24hrs, this maybe be significantly advantageous due to vessels length of 

time at sea.  

 

There are some minor improvements along with some major improvements which if 

developed correctly will make the monitoring station a market contender in line with other 

market proven systems already available 
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