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Abstract

A microcontroller-based design of a marine weather data logger is required, with
various environmental and sea state conditions to be logged over a 7-day period, research
into various marine weather / data loggers has been conducted, these include self-contained
weather station, an over the air received weather data and a data logger with various sensor

inputs.

Sensor selection with comparison tables has be provided with the chosen sensor being
highlighted, a microcontroller was carefully selected by inputting relevant specification data
into Microchips selection website. Utilising Excel and consulting datasheets voltages and
currents were inputted next to the relevant components this then aided with battery selection,
power switch rating and fuse rating, a table suggesting on best external connectors to use has

been produced keeping in mind the harsh environment the system will be subjected too.

A circuit block diagram was created, and datasheets consulted to aid with producing a
schematic in Proteus VSM, Easy-PC was used firstly to replicate the schematic then to
translate to a PCB before creating the necessary Gerber files for manufacturing.

The chosen polycarbonate enclosure for the system is shown and suggested layout is
included with mention of customisation needed.

A flowchart for software and structural system diagram has been created as well as
calculation for non-volatile storage and a bill of materials, a list of suggested improvements
and possible issues with original design finalises this report.
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1 Introduction

A marine weather data-logger is required, data must be logged for 7-days, the device
must be partable for use on any vessel.

1.1 Requirements
Required data:

e Airtemperature & humidity.
¢ Wind speed & direction.

» Wave height.

e Sunlight brightness.

e GPS.

The system must be battery powered, have a PC connection via USB to collect data
stored on non-volatile memory. No display, but an LED flashing for 1 second in every 10

seconds to show operation.

2 Survey of marine weather monitoring stations

Weatherpak Marine [1] | NASA clipper weatherman | Siri BlackBox [3]

(2
Minimised exposed 16 lines x 40 characters Unix based data logger
cables / connectors screen
GPS: Back lit display Multiple inputs from different
protocols
Compass: Resolution 12 v supply 100 mA Connect up to 8 sensors

0.1°




Wind speed: Range 0
to 60 m/s, resolution
0.01 m/s

Auto timer back light

Support NMEA equipment

Wind direction: Range
0 to 360°, resolution 1°

Non-volatile message and
program memory

Ethernet or RS485 output

Air temperature: Range
-35"t0 +70°C

Receives forecast via RTTY

25 Hz output rate

Relative humidity:
Range 0 to 100%

Inputs from WaveRadars, GPS,
Anemometers and other

environmental sensors

Barometric pressure:
Range 600 to 1100
mBar

Up to 2 TB data storage

Wireless touch screen

display (optional).

1 GB DDR3 ram

Anti-corrosive
aluminium, coated with
thermoplastic resin.

12Vdcmax 4.5 A

Quick release mast

mount.

Price £4000 - £7500

£249.95

3 Sensor selection

3.1 Wind speed and direction

Table 1 wind speed and direction comparison.

Table 1 Wind speed and direction sensors

@

SENO0170 Anemometer [4] Windsonic M [5] Anemometer for micro
logger weather station [6]
Wind speed Wind speed and direction | Wind speed and direction




Supply: 12 - 24 VDC

Supply 5 — 30 VDC

Supply: Non specified

Output signal: 0 -5V

Outputs: Digital RS232,
RS 422, RS485, NMEA
0183, oranalog0 -5V

Outputs: Contact closure
for wind speed, 20 KQ
potentiometer for direction.

Power consumption: £0.3 W

Current: 5.5mA @ 12 V

Current: dependant on
supply voltage.

Measurement range: 0 — 30

m/s

Wind speed: 0 — 60 m/s

Wind speed: 1 — 200 mph

Resolution: 0.1 m/s

Wind direction: 0 - 359"

Wind direction: 16 points
(22.5°) on compass rose

Connection: 3 wires.

Multiple connections

Connection: 4 wires.

available.
Moving parts. Solid state design. Rugged components used.
£44.27 £1,279.00 £190

The highlighted anemometer in Table 1 is chosen, its designed for use in harsh

environments, simple to interface, 1 wire for wind speed and 1 wire for wind direction. Figure

1 shows the internal schematic.

0 Pin 2 Yellow
§ 909k ohm

< © Pin 3 Green
20k linear
Pot

O Pin 4 Red

reed switch
O=——=NN*——0 Fin 5 Black
47 ohms 47 ohms

Figure 1 Davis wind speed / direction schematic [7]

Figure 1 pin 5 is for the wind speed and according to cactus.io [7] it has current limiting

resistors built in, pin 3 is the voltage output for wind direction where half way is 180°, pin 2 is

supply voltage, pin 4 is ground, the 909 KQ is there in case the wiper fails.

3.2 GPS

GPS comparison found in Table 2.




Table 2 GPS sensors

N

GPS-622F receiver [8]

L80-M39 GPS receiver [9]

RXM-GPS-RM-B [10]

Receiver type: 65 channel
GPS L1 frequency.

GPS L1 1575.42 MHz, 65
channels, 22 simultaneous
tracking channels.

Frequency 1575.42 MHz

Open sky start: Hot 1 sec,
cold 29 sec.

Cold start: 15 secs, hot start
5 sec.

Hot start <1 sec, cold start
<32 sec.

Accuracy: 2.5m

Accuracy: <2.5m

Accuracy 2.5m

Update rate 10 Hz.

Update rate: up to 10 Hz.

Update rate: up to 10 Hz

Power supply 3.3t05.5V

Power supply: 3.3 V typical.

Power supply 310 4.3V

Serial UART. Serial UART. Serial UART

NMEA-0183 protocol. NMEA output. NMEA 0183 version 3.01
protocol

£40.68 £14.75 £21.28

Each of the GPS modules in Table 2 have similar specification, price has determined

the choice for this.

3.3 Sunlight brightness

Table 3 sensors for detecting sunlight brightness.

Table 3 Sunlight brightness




Luna Optoelectronics LDR
(1]

VEMLG070 Vishay, UV light
sensor [12]

Photo diode S5971 [13]

Connection: 2-pin through
hole

Connection: Surface mount, 6

pads

Connection: 3-pin through

hole

Resistive: Light 5.4 KQ,
dark 1 MQ

12C interface

Dark current max: 1 nA

Plastic encapsulated
photocell

Small compact package.

High speed response

Operating temperature: -
60 to +75°C

Operating temperature: -40 to
+85°C

Operating temperature: -40
to +100°C

Voltage: Peak 250 V

Operating voltage: 2.7 to 5.5 V

Max reverse voltage: 20 V

550nm peak response

355nm peak wavelength.

Spectral range: 320nm to
160nm

£2.93

£2.53

£1.22

The highlighted component in Table 3 has plastic encapsulated photocell which helps

with ruggedness.

3.4 Temperature & Humidity

Table 4 shows comparison for temperature and humidity.

Table 4 Temperature & humidity sensor

AM2320 Temperature &
Humidity sensor [14]

LM35C Temperature sensor
[15]

DFR0198 [16]

Connections: 4 pins

Connections: 3 pins

3 wire connection

Power supply: 3.1 to 5.5 V

Supply: 4 to 30 Vdc

Supply: 3to 5.5V

12C communication

Analog 10 mV /°C

Digital 1 wire
communication

Relative humidity range: 0 to
100%

Temperature range: -40 to
+110 °C

Temperature range: -55 to
+125°C




Temperature range: -40 to
80°C

Accuracy: +0.75 °C

9 to 12-bit selectable

resolution

Power consumption: Multiple sensors can share
Average 350 yA same bus.
£3.06 £5.70 £5.31

The AM2320 in Table 4 works on a supply as low as 3.1 V, houses both temperature

and relative humidity, uses 12C communication in either 2 wire or 1 wire configuration, it's not

water proof so needs to be housed in a vented compartment.

3.5 Wave height

Wave height sensor seen in Table 5.

Table 5 Wave height sensor

Accelerometer ADXL 335
[17]

Bll-7220 series wave height
sensor [18]

HC-SR04 ultrasonic sensor
[19]

3-axis

Measures dynamic
pressure.

Ultrasonic radar

Surface mount, 16 pads

Connection: 4-pin.

4 pin connections

Supply: 1.8t0 3.6 V

Supply: 4.5t0 30 V

Supply: 5V

Sensitivity 330 mV/g

Preamp included

Detection range: 2 cm to 4
m

Operating temperature: -40
to +85°C

Waterproof connectors

Non-weatherproof

Output: Analog Output: Vs - 1 Output: Digital pulse high
duration
£5.22 No reply from supplier £6.53

Table 5 the chosen sensor is designed to be used in the water, it can be supplied in

various configurations, e.g. with our without pre-amp, produces an analog signal a supply as
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low as 4.5 V, the suppliers technical data advices to use a minimum 9 Vdc non switching
power supply.

4 Microcontroller selection

Table 6 has been produced to calculate MCU clock speed.

Table 6 MCU clock speed

Sample
Component Clock cycles rate

Wind speed 4 | 100 ms
Wind direction 4 | 100ms
GPS 4 | 300 sec
Sunlight brightness 4 1 sec
Air temp / humidity 4 10 sec
Wave height sensor 4| 250ms
Total clk cycles 24
Time period 0.1 | Sec
F=1/T=24/0.1 240 | Hz
Minimum clock
speed 0.0024 | MHz

The measured data is sampled relatively slow hence why clock speed is low, 240 Hz

is not feasible, 1 MHz would be adequate, this keeps power consumption down as well.

Table 7 has been drawn up to assist with pin count and module selection for the MCU.

Table 7 MCU pin count

Component Digital | Analog Modules
Wind speed 1 EXT Interrupt
Wind direction 1 | ADC 10 bit
GPS 3 RS232 + reset pin
Sunlight brightness 1 | ADC 10 bit
Temperature & Humidity 2 12C
Wave height sensor 1 | ADC 10 bit
LED Tell 1 Output
SD card 3 SPI
UsB 3 USB: D+, D-, VCC
Total pins
Analog 3
Digital 13
Total 16 | .+ pwr
Peripherals / modules




ADC 1

usB 1

SPI 1
RS232 1

12C 1

Program memory 12 | KB

RAM 256 | bytes
CPU 1| MHz

In Table 7 minimum I/O pins are 20 plus power, program memory should be small,

ram is high to ensure enough calculations can be stored before passing data to storage.

Figure 2 shows the MCU narrowed down on Microchip selection website.

- -
Froauct oy S SKFRORE e — ST
= k)

EH
g

P Oscillaton Comps
Muxing

gEREREAY
RANAERER

FIERREERYN

Figure 2 Microchip selection website.

Looking at Figure 2 it shows 2 MCU’s have been narrowed down, initially there was 13
this was further narrowed by lowering pin count to 20. Based on price and consulting the
datasheet the PIC16F1459 has been chosen.

5 Connectors & battery

5.1 Battery & power switch

The calculations for power consumption over 7 days is just under 13 Amps. Figure 3
shows the chosen battery.




Figure 3 Tracer lithium 12 VV 14 Ah battery [20]
In Figure 3 a lithium polymer battery pack with 12 V output and 14 Ah capacity, it's
compact (161 x 115 x 56 mm) and light weight (950g) but expensive @ £214.80 Figure 4 is
the weatherproof switch.

N 9

Figure 4 Power switch [21]

The SPST switch in Figure 4 is IP 65 rated and can handle 10 Amps.

5.2 USB
Figure 5 shows the USB socket.

Figure 5 Micro USB receptacile [22]

The micro USB receptacle in Figure 5 is surface mount design.




5.3 Sensor connections

Table 8 shows the style of connectors chosen.

Table 8 External sensor connectors

RJ socket [23].

Lemo socket [24].

TE connectivity AMP
connector [25]

PCB mount.

Panel mount.

Panel mount.

Up to 6 contacts.

2 to 32 contacts.

4 pin contact

Plastic. Metal housed Plastic secure connection
Non waterproof. IP 68 rated Non waterproof
£0.49 £35 £2.92

The highlighted socket in Table 8 comes in various pin configurations and their plug to

match, these are waterproof, self-latching and have a keyway to ensure correct orientation. A

4 way for the anemometer and 5 way for the wave height sensor has been chosen to ensure

correct connection for each sensor.

6 Circuit design

Circuit block diagram shown in Figure 6.

\J

Power supply

A

Sunlight

Wind speed >
Wind directiion > ¢ —
GPS o S—

Temp / Humidity

Wave height

I

Microcontroller

LED Tell

uUsBe

Figure 6 System block diagram
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In Figure 6 the sensor inputs are shown on the left and outputs to the right.

6.1 Schematic

Schematic breakdown is primarily shown in Proteus, where needed the equivalent
Easy-PC circuit will be shown. Full schematic of both can be found in the Appendices.

Figure 7 Microcontroller PIC16F1459

MCU CH|
0.1uF
U3 11
+5V [>=a2—{ vDD VSS =t GND
LED <} RAS RAO/D+/ICSPDAT(1) g D+
LDR =— RAd RA1/D-ICSPCLK(1) - D-
sDI MCLR/VPP/RA3 VUSB3V3 f—
CLK =] RC5 RCO/ICSPDAT f—i2 USB_SENSE
SDO =—{ RC4 RC1/ICSPCLK == W_SPEED
WAVE_SIG D> RC3 RC2 W_DIR
—— RC6 RB4 f—= SDA
RESET <} . RC7 RBS 1 RX
T B> RB7 RB6 > scL
PIC16F1459-1_SO

Figure 7 MCU 16F1459

Capacitor (C1) in Figure 7 is to decouple the power supply for the MCU. Figure 8 shows
the LED tell.

LED tell
D1

R1
LED D—.—I:I—d +5V
140r

LED-GREEN

Figure 8 LED Tell

Figure 8 the 140 Q (R1) limits the current to 20 mA. Figure 9 is the LDR.

Sunlight brighness (LDR)

R5

+5V ] 2 LDR

NORPS-12

R6
510k

Figure 9 Sunlight brightness (LDR)
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In Figure 9 the LDR (R5) and R6 creates a potential divider. Figure 10 is the Easy-PC

equivalent.

LDR

N
GND

Figure 10 LDR circuit in Easy-PC
In Figure 10 the symbol for the LDR produces through hole connections for the PCB.
Figure 11 shows the SD car socket.

Micro SD card
J1
;— DAT2 CLK g—<] CLK
GND 2 CD/DAT3 VSS |—2—<] GND
spI >—3— cmp DATO [——<J SDO
+5v >—2- vop DAT1 -8~
104031-0811

Figure 11 Micro SD card socket

SD card socket in Figure 11 is surface mount. Wave height sensor is seen in Figure

12.
J5 Wave height sensor
ot+—+—<laew R9
O WAVE_SIG
s D5

MMSZ5V1T5G

Figure 12 Wave height sensor
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The wave height sensor circuit in Figure 12 includes a voltage clamp with RS used to
limit current, C2 coupled with R9 creates a low pass filter and D5 clamps the voltage to 5.1 V.
GPS module and digital logic switch in Figure 13.

GPS s
TIMER_GPS <3} ; TIMER 1PPS |-
=< AMDET N v_BOKP | +5V
-,-I-g-— NC vee VOUT 1.2
RESET DT RESET GND_1 == GND
I EX ANT ™01 [—2—{> RX
GND_2 RXD1 <
B0-M39

1 : us
LOQIC switch ADP195ACPZ-R7

VOUT 1.2 voutt VNt (-2 +5V
VOUT 12 vout2  VIN2 3 +5V
GND EN TIMER GPS

HH

i

Figure 13 GPS & Digital logic switch

InFigure 13 is the GPS module, it uses RS232 protocol to communicate with the MCU,
the data sheet shows a reset pin in case of issues with module, the “TIMER_GPS" pin is used
to control the digital logic switch (U5) this can be used to switch the GPS of when not in use.

Figure 14 is the connection for AM2320 temperature and humidity sensor.

Temperature / Humidity (AM2320)

5V

7 J2
1

=12

SDA <1—3 -0

R7 R8 &N P—1
4k7 47 scL D—+0

SDA
SCL

Figure 14 Temperature & Humidity
Figure 14 has 2 pull up resistors for SDA and SCL lines this is because the sensor
works on 12C protocol, J2 is a header to allow the sensor to be connected away from the PCB

in a separate compartment. The anemometer circuit is seen in Figure 15.

13




RV1 Yellow

Wind speed / direction

] +5V
o Green | R4
2ok |; W_DIR
L s ™ c9

Red

SW1 ok

[ omi—
SW-SPST-MOM

Figure 15 Wind speed & direction

Looking at Figure 15 RV1 and SW1 represent the internal circuit to the “Davis

anemometer 6410", the two signal outputs include voltage clamping the “W_speed” is

connected to the MCU external interrupt pin and “W_dir" is connected to an analog pin. Figure

16 is Easy-PC equivalent.

Wind speed / directien
GND
+
2l o
= —4=r 14
' E o A&
Sar +5Y p— |
I S e
GHND
ol et s ]
R7
R il Sy
Zl —
InF

Figure 16 Easy-PC, wind speed & direction

In Figure 16 the wind speed & direction has a 4-pin connection
socket circuit.

. Figure 17 Shows USB

14




USB_SENSE

R11

100k

USB_SENSE <}—

e e
D- <I>3— 2 MP2—
4 MP4
———4 WMP4|—=
5
5
1 10104110-0001LF

Micro USB socket
J4

Figure 17 Micro USB socket

The micro USB socket in Figure 17 has a pull-down resistor (R11) on the “usb_sense”

pin. Power supply circuit is seen in Figure 18.

BAT1 Power supply switch mode (7805)
EflaEEnEs
u2
i +5v <}—=— POSITIVE_OUTPUT
5V
GND D-——%—-— COMMON_(GROUND)
FUSE [>—1— POSITIVE_INPUT
OKI-78SR-5_1
J3 sw2 D2
00 FU1
GND > id1 2 3/ o 2 NN 1 I } FUSE
SW-SPST | ol - v >
790-1098 PMEG4030EP_115

Figure 18 Power supply

For the power supply in Figure 18 a switch mode module is used to regulate the battery

voltage to 5 v the module can handle input voltage from 7 to 36 v, a 2 amp fuse is included,

D2 is used for reverse protection, SW2 is where a panel mount switch would connect and J3

is the battery connection. Figure 19 is the Easy-PC equivalent.

15




Power supply

FsS1
[ 1< FUSE
ISR |

+SWITCH

33 T |

+BAT
i v uz2

GND 2 > Vin = 7 = 36v

+BAT 3
FUSE

+SWITCH 4 n

GND 2
+5V 3

Figure 19 Power supply in Easy-PC

For the power supply the battery connection and the power switch are connected to
the 4-way connector (J3) seen in Figure 19.

7 PCB design, Easy-PC

Figure 20 PCB bottom layer off

Figure 20 PCB, bottom layer off

In Figure 20 J3 is for battery and power switch, J4 is anemometer, J5 is wave height
sensor, conn1 is for temperature & humidity. Figure 21 bottom layer on.

16




Figure 21 PCB bottom layer on

In Figure 21 copper pour is on bottom layer connected to ground. Figure 22 3D view

of top.

Figure 22 PCB, 3D view front

Figure 22 shows layout in 3D view. Figure 23 3D view of bottom.

17




5

a

[ iy |
k]

-

arine Data-Logger V1

Figure 23 PCB 3D view back

In Figure 23 bottom shows “marine data logger V1".

8 Enclosure

e Batteryis 161 x 115 x 56 mm

» PCBis approx.: 50 x 60 x 20 mm

* Vented compartment needed for temperature & humidity sensor approx.: 60 x
60 x 30 mm

The polycarbonate enclosure in Figure 24 is chosen.

r

Y y
b <

W

Figure 24 Enclosure

In Figure 24 the enclosure comes in various sizes are |IP 65 rated, come with

accessories for pole mounting and a datasheet [26] showing application examples is available.
18




Figure 25 shows the intended layout within the enclosure.

Bamery (1611 LIS = 56)

Enclosure: BCPR1722115
170 x 220 x 110.5

Dimension in mm
(WxDxH)

Tomg |
Hurmeity
@ aian)

Figure 25 Enclosure layout
The chosen enclosure will need to be customised with the layout seen in Figure 25,
bottom left will be a baffle box to house the temperature & humidity sensor, a shelf to support
the battery at the top and the PCB to the bottom right with cable connections and power switch

at bottom of box

19




9 Software flowchart

Setup variables, defines, Includes.

v

Main
v

Initialise MCU, timers, intterupts.

Interrupt Service Routine

v Y v

Delay 60 Sec: Interrupt Timer_2: Interrupt Counter:
Allow GPS sync Increase time Add Wind speed

¥ vy

Reset Interrupt
ot Return from ISR

Y

SB
connected No

Yes
L4
Disable global
interrupts Y

A

Enable global
interrupts

Global Interrupts
enabled

| USB program |

Yes

Figure 26 Software flowchart (1)




T
Yes

Data logger
- program
NO
Yes
Y
Wind speed,
Wind direction,
GPS, Sunlight, No
Wave height.
Access SD card
v Yes
v
LED On.
Wind speed,
Wind direction,
Access SD card
Yes
Wind speed,
Wind direction,
Wave height.
Access SD card
No.
N
Yes

Figure 27 Software flowchart (2)
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I
Yes

Y
Wind speed,
Wind direction,
Wave height, N
Sunlight.
Access SD card
Yes
z Wind ; d, Wind
ind speed, Win
LED off. direction,
Wave height,
Sunlight. Time =
Temp & Humidity, 300 S
Access SD card
* Yes
L
LED On. Wind speed, Wind No
direction,
Wave height,
Sunlight.
Temp & Humidity,
GPS.
Access SD card

RARRNANL Al

Figure 28 Software flowchart (3)

Figure 26, Figure 27 and Figure 28 shows Timer 2 interrupt is used to create the
necessary time counts, anemometer is connected to external interrupt, while USB is
connected disable global interrupts and run USB program, while USB is not connected ensure
global interrupts are enabled and run data logger program to iterate through each Time = X’
statements, if true process necessary instructions, loop data logger program.

10 Structure diagram

Structure diagram can be seen in Figure 29.
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Microcontroller
—| Processor |

v

4_—| Digital out I | Timer | ~
A ¥

A I N .
—.I Digital |l'1p|.l1] I Counter 12¢ Temp / Humidity

[ ]
=
1
Digital logic
(3 USART :_—b .
Wave height » ADC switch

| Sunlight (LDR) |—-|

Figure 29 Structure diagram

1F‘FT

In Figure 29 structure diagram the external connections and the necessary peripherals
internal to the MCU can be seen.

11 Size of data storage

Figure 30 size of data storage
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Sensor Data
Wind speed
Wind direction
Wave height
Sunlight brightness
Temperature
Humidity
Gps

Total Bytes

Time seconds
0

0.1
0.25

1
Every 1second
10
Every 10 seconds
300
Every 300 seconds

At 5 min
At 1 hr
At 24 hr
At 7 days
Mega bytes

Bytes

R e R ]

23

Wind speed
Wind speed
Wind speed
Wind speed
Wind speed
Wind speed
15533
186396
4473504

31314528
31.314528

Time (5)
0.1
0.1
0.25

1
10
10

300

Wind direction
Wind direction
Wind direction
Wind direction
Wind direction

Wind direction

Bytes
MB

5 min

Wave height

Wave height

Wave height

Wave height

Wave height

Sunlight

Sunlight

Sunlight

Sunlight

Temp Humidity GPS

Temp Humidity

Temp Humidity GPS

Bytes
23

=

16
5
51
7
517
23
15533

1second

1second

Figure 30 Screenshot of data storage calculation

In Figure 30 every 5 minutes a total of 15533 bytes will need to be stored to SD card,

over 7 days that's just over 31 Mb.

12 Bill of materials (BOM)

Figure 31 bill of materials
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Products / components

Air Temperature / humidity
Wind speed / direction
sunlight (LDR)

GPS receiver

Wave height

MCU PIC16F1459

USB micro socket

SD card socket micro

LED Green 3mm

Switch logic controlled

Cap 0.1 uF 25V (0603)

Cap 1 nF 16V (0603)

Res 4.7 K (0603)

Res 510 K (0603)

Res 140 () (0603)

Res 100 K (0603)

Res 5610 (0603)

Diode 3A low vf

Diode Zener 5.1v

Terminal strip PCB 4 way
Connector Anemometer (S)
Connector Anemometer (P)
Connector Wave height (5)
Connector wave height (P)
PCB manufacture

Fuse 2A 75 v (1206)

Power supply [switch mode 3.3v)
Battery Lithium

Switch power waterproof
Enclosure

SD card 16 GB

Supplier

mouser: 485-3721

MFR: Part number

Adafruit: 3721

stations.co.uk: davis
rs-online: 914-6714
rs-online: 508-4085
benthowave.com: BII-7221

rs-online: 786-4006

rs-online: 714-2344

mouser: 538-104031-0811
rs-online: 082-6638

rs-online: B20-9536

farnell: 2429362

rs-online: 839-2776

rs-online: 679-0484

rs-online: 721-7564

rs-online: 122-8994

rs-online: 213-2531

rs-online: 679-0550

mouser: 771-PMEGA030EP, 115
rs-online: 184-0984

rs-online: 710-0374

mouser: 736-HGGOB304CLLP
farnell: 2242855

mouser: 736-HGG.0T.305.CLLP
farnell: 2442856

rs-online: 174-0729
digi-key: 811-2195-5-ND
tracerpower: BP2456
sinolec.co.uk: R13-11JA8
misumi india: BCPR1722115
amazon.co.uk: BOT3K14CVE

- Davis aner ter 6410

Luna optoelectronics: NSL-19M51
Quectel: LM80-M39
benthowave.com: BIl-7221

Microchip: PIC16F1459-1/50
Amphenol FCI: 10104110-0001LF
Molex: 104031-0811

Broadcom HLMP-1540

Analog devices: ADP195ACPZ-R7
Kemet: COB03C104ZIVACTU
Wurth Elektronik: 885012206034
Vishay: CROWDS034KTOFKEA
Panasonic: ERJPO3F5103V

TE Connectivity: CPFOG03B140RE]
TE Connectivity: CRGOG03F 100K
Vishay: CROWOD60356ROFKEA
Nexperia: PMEGA030EP, 115

ON Semiconductor: MMSZSVIT1G
TE Connectivity: 2828374

Lemo: HGG.0B.304.CLLP

Lemo: FGG.OT.304.CLACS0Z
Lemo: HGG.OT.305.CLLP

Lemo: FGG.OT.305.KLACS0Z

Littelfuse: 0458002.DR
Murata Power Solutions: OKI-785R-3.3/1.5-W36-C

Multicomp: R13-112A8-02-BB0-W
Takachi: BCPR1722115
SanDisk: Ultra micro SD 16GB

Price each QTY Price total

£3.06 1 £3.060
£165.00 1 £165.000
£2.93 1 £2.930
£14.75 1 £14.750
1 £0.000
£1.83 1 £1834
£1.10 1 £1.100
£1.54 1 £1.540
£0.37 1 £0.365
£0.89 1 £0.893
£0.01 1 £0.012
£0.03 3 £0.087
£0.02 3 £0.051
£0.01 1 £0.014
£0.24 1 £0.235
£0.03 1 £0.032
£0.00 3 £0.006
£0.32 1 £0.320
£0.03 3 £0.087
£0.42 1 £0.418
£36.06 i £36.060
£23.95 1 £23.950
£35.72 | £35.720
£24.33 1 £24.330
£397 1 £3.974
£0.50 1 £0.895
£8.27 i £3.270
£214.80 1 £214.800
£1.80 1 £1.800
£31.92 1 £31.520
£5.79 1 £5.790
Total £575.243

Figure 31 Bilf of materials

Total BOM in Figure 31 is £575.24, this is high due to battery and anemometer cost,
had no reply form supplier of wave height sensor.

13 Suggested improvements

« After rechecking the GPS datasheet, it may not be 5 V tolerant, the power supply

module will need to be of 3.3 V and is a direct replacement for the 5 V.

e Wireless link for live data display and / or data transfer method.

* Ultrasonic wind sensor to eliminate moving parts or analog anemometer to could be

used to charge the battery.

» Solar panel for charging.

« External antenna for GPS.

» Array of wave height sensors to determine wave direction.

« Switch to start and stop program whilst battery is connected.

¢ Buzzer in sync with LED for foggy days.

« Smaller headers on PCB to decrease size.
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Overall the design is bulky this is due to the choice of battery, although the wave height

sensor supplier recommends a power supply of 9 V or more it does show in their technical

documentation that it could work as low as 4.5 V, testing the component at various voltages

could be done before confirming power supply requirements.
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15 Appendices

15.1 Proteus full circuit schematic

Full Proteus circuit seen in Figure 32.

28




Figure 32 Full schematic in Proteus

15.2 Easy-PC, full schematic

Figure 33 shows the full schematic in Easy-PC.
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Figure 33 Full schematic in Easy-PC
16 BOM and other info from Excel
Figure 34 screenshot from Excel.

Producty | compoments supglier MER: Part number Price each QTY Price totsl Gremeral imto Cumrent A Supply v
Air Tamperature | hurmidity monser: ARS-¥721 Adafruit: 1721 608 1 1080 1Cor singlebus Q00008 Litess
Wind wpeed [ direction .00, davis- Davis o410 16500 1 £165.000 Price by email Q0200
Suniyght (LODR) r-onlne: 9146714 Luna aptoslectronics; NSL 1931 (-2 ] 1 290 20 1w
GPS receiver -onlee; 500-4085 Quectel; LMBO0-M13 04 1 0470 00030 Jtodd
Wave height besrthowae com: BIET2T1 Banthowsve.com: BIl- 7221 1 000 Anslog ae100
MCU PICLEE JAYY re-onlne: 7464006 Microchip: PIC165 14391150 onn 1 1.8 J0-PIN SO8C 0onos
US micro skt f-anline: T34-2044 Armphenol FCI- 10108110-0001LF [+81) 1 .m
A0 card sochet mioro mouser: S8 104031 0811 Moles 104001 0811 (%] 1 1,540 0810 17w e
LiD Grmen benm re-onlee: 0026618 Broadeom HUMP- 1540 o 1 00368 00200 v
Sweitch loghe controlied reanbine: K30-9536 Aralog devices: ADPLISACRT 87 onn 1 083 For GRS on [ off Q0004 11w
Cap 0.1 ut I3V (0803} farnell: 2429082 Marmet: COB0M 142 IVACTY oo 1 0.0 MCU decoupse
Cap 1 =F 16V (0803 ri-anlme: wn Wharth Elektronik; 883012306004 ooy L] 0.087  Clamg
Ras 4.7 & (OBOY] r-anlee: 6790484 Vishiry: CRCWOGO MK TOF KEA .o L] A0.081  Pullugn
Rt S50 & (D600) re-anlee: 7717564 Panavons: ERIPOIFS100Y oo 1 40.014 DA potential divider
Rt 140 O (DOON) reantne: 122594 TE Cornectivity: CPPOSIBLE0RE | L] 1 0.253 LD curvent limit
Bet 100 & (D601 re-onlne: 213831 TE Cornectivity: CRGOMOIF 100K LA 1 008 UAB sente pull down
Rt 3401 |060Y) re-anlme: 6790350 Vishay: CRCWOGOISGROFKLA 0.m ] 0.008 Clamp
Diode 4A low vi maser: T71-PRAEGA0 SR, 115 Nenperia PMEGAIMER 115 (L8 1 A0.M0  Reverse protechon
Diode Tener 3.0y r-anlne: 184-0984 ON Semaconducton MMSZSVITIO 0oy ) 0087 Clamp
Tormonst strip BCB & way re-anlne: 7100074 TE Connectivity: 28174 043 1 0418 For battery | switch
Connedton Anemometer {3 mouser: TH- HOG0BMMCLLY Lama: WG, 00304, CLLP 608 1 £6060 Panel mount socket 4 way
Connecton Aremometer (F| farnedl: 3442893 Lema: FGG,07, 304, CLACSOZ @395 1 E9.9% Aweyphyg
Connecton Wave hegh |3) mouser: TM-HGGOT. 05 CLLP Lema: WGG,0T. 30.CLLP G572 1 CI.720 Panel mount socket S wiy
Comnecton wave height [8] Tarnedl: 3442858 Lma: FOG.OT. 108, KULACSOZ A3 1 B0 3wy plug
POl manutacture oaw 1 R

Power conumption Q.07 Battery 18Ry 125048 &
Fuse 1A T3 v (L200) rs-anhme: 124-0729 Linedfuse: 0438002 0% £0.5%0 1 0.
Power supply (swilch mode §.0v]  digi-key: 811-1195-5-ND Mursts Powes Solutions: OG- TSA-LY/15-Wie-C  £3.27 1 oam L3a 7- v
Battery Lithem tracerpower BPASE QU 1 e Han uv
Switch powes wanerprool sinalec.co.uk: R13- 10348 Muiticomp: R13-13248-82-RBO0-W ELB) 1 ELBOD  Main power pwitth oAl Bav
snciouee [———— Takaen g zaziis ma 1 e
s0cwd 18 amasceco.uk: BOTIRIACVS Sanbisk:Uiry miro 80 3868 an 1 am
Total 57500

Figure 34 BOM and other info
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Excel was used for any relevant information that may have been needed for this design
Figure 34 shows components, suppliers, manufacturer part numbers, price, general info and
any voltage / power requirements.

31




N-jones-ESD-2

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

74/100

Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

PAGE 8

PAGE 9

PAGE 10

PAGE 11

PAGE 12

PAGE 13

PAGE 14

PAGE 15

PAGE 16

PAGE 17

PAGE 18




PAGE 19

PAGE 20

PAGE 21

PAGE 22

PAGE 23

PAGE 24

PAGE 25

PAGE 26

PAGE 27

PAGE 28

PAGE 29

PAGE 30

PAGE 31

PAGE 32

PAGE 33

PAGE 34

PAGE 35

GRADING FORM: SMU GENERIC_GJ

NICHOLAS TIM 73.9
JONES

RESEARCH-INFORMED LITERATURE



[

yi

Good literature review of available systems with a
good comparison table of relevent information.65%

KNOWLEDGE AND UNDERSTANDING

9.75

[

yﬁr

Very good overall schematic design but a things to
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