How to Make a Sea Level rise and Climate Data Logger

By: Matthew Freeman

Climate change has altered the environment we live in from global temperatures to sea
levels rising. Tracking the levels in which this is happening is very important if we wish to target
and combat the effects. The problem that arises is that traditional data loggers designed to track
various weather conditions and tide levels are expensive. This means that less sensors are able to
be implemented and less data is collected from affected areas. This lack of data has large, long-
term implications on our knowledge of what is happening. This project aims to make cheap and

simple data loggers that can help solve this gap in data collection.

Components

DHT 22 (Temperature and Humidity Sensor), Grove-Light Sensor, Grove-
Digital Switch(P), Grove-Ultrasonic Distance Sensor, Grove-LED (Blue and
Green), Anemometer, Arduino Uno, SD shield, Grove-Base Sheild

Measures

Light levels, temperature, humidity levels, distance of tides, wind speed

Highlights

Cost effective casing and parts
Minimal skills with soldering required

Power tools aren’t required but make it easier to make

Software is open-source and well documented for user convenience



1.

Supplies

Arduino Uno Price: $27.60

- https://www.seeedstudio.com/Arduino-Uno-Rev3-p-2995.html ---

2. SD Card Shield Price $13.90

3.

- https://www.seeedstudio.com/SD-card-shield-p-492.html

Grove-Base Sheild  Price $3.50
- https://www.seeedstudio.com/Base-Shield-V2.html

4. DHT22 Price: $6.95

5.

- https://www.seeedstudio.com/Grove-Temperature-Humidity-Sensor-Pro-AM2302-

DHT?22.html

Grove-Light Sensor Price: $1.99



- https://www.seeedstudio.com/Grove-Light-Sensor-v1-2-LS06-S-phototransistor.html

6. Grove-Ultrasonic Distance Sensor  Price: $3.95

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

7. Grove LED  Price: $2.10
- https://www.seeedstudio.com/Grove-Green-LED.html

8. Anemometer Price: $32.29
- https://www.amazon.com/Monitoring-Anemometer-Wind-Measuring-Replacement-
Meteorological/dp/BOCWNCIZYQ/
ref=sims dp_d dex_ai speed loc mtl v5 t1 d sccl 3 1/147-3067127-2747617?
pd_rd w=LZYxc&content-id=amznl.sym.281550a9-05fa-4fa0-a033-
b1923adca8ef&pf rd p=281550a9-05fa-4fa0-a033-
b1923adca8ef&pf rd =PY7AQSD2RGKEIJNZ57PAT&pd rd wg=y9eCr&pd rd r=

7d6198d6-2b1-48ea-b86a-0680e318dad1&pd _rd i=BOCWNCIZY Q&psc=1




T

9. Grove - Universal 4 Pin Buckled 50cm Cable (5 PCs Pack) Price: $3.50
- https://www.seeedstudio.com/Grove-Universal-4-Pin-Buckled-50cm-Cable-5-PCs-
Pack.html




Assembly

1) Place SD Shield on the Arduino UNO ensuring all pins are pushed in
2) Place Grove-Base Shield on-top of the SD Shield ensuring all pins are pushed in
a. Note: The three boards should now be stacked on top of each other

3) Using a Grove 4 Pin Wire, attach the DHT22 sensor to port 2 on the Grove-Base Shield

4) Using a Grove 4 Pin Wire, attach the Grove-Digital Switch(P) to port 3 on the Grove-
Base Shield

5) Using a Grove 4 Pin Wire, attach the Grove-Distance Sensor to port 5 on the Grove-Base
Shield
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6) Using a Grove 4 Pin Wire, attach the Grove-LED (Blue) to port 6 on the Grove-Base
Shield

7) Using a Grove 4 Pin Wire, attach the Grove-LED (Green) to port 7 on the Grove-Base
Shield

a. *Note: for LED modules from grove, the orange screw piece can be rotated to
dim or brighten the LED
8) Using a Grove 4 Pin Wire, attach the Grove-Light Sensor to port Al on the Grove-Base
Shield




9) For the Anemometer, some steps are required to prepare the sensor for use.

a. Using wire cutters, cut the Anemometer’s wire to the desired length

b. Strip the outer black coating ~2 inches to expose a black wire and a red wire
c. Strip both wires ~0.5 inches

d. Twist both wires separately to connect the individual wires into one solid wire
e. Locate the pin slots on the Arduino UNO (located below the slots labeled 12C
f. Plug the red wire into the slot labeled A0

g. Plug the black wire into the slot labeled GND

Ground A0

10) Use the wire provided with the Arduino UNO to connect it to your computer
11) Download ARDUINO IDE for uploading and modifying code
a. The following link is for downloading ARDUINO IDE:

https://www.arduino.cc/en/software

DOWNLOAD OPTIONS

Arduino IDE 2.3.3

The new major release of the Arduino IDE s faster and even
more powerful! In addition to a mare modern editor and a
more responsive interface it features autocompletion, code
navigation, and even a live debugger.

For more details, please refer to the Arduino IDE 2.0
documentation.

Nightly builds with the latest bugfixes are available through
the section below.

SOURCE CODE

The Arduino IDE 2.0 is open source and its source code is
hosted on GitHub.

b.
12) Download the attached code
13) After opening the code in ARDUINO IDE, in the top left corner, select the ARDUINO

' Arduino Uno v

UNO board



14) To the left of the board selection, press the arrow facing the right to upload the code to

the board. .

15) Happy data logging!!!



Code
Pre-Setup

#include "Grove_Temperature_And_Humidity Sensor.h"

#include "Ultrasonic.h"
#include <SD.h>

These three lines of code include the libraries necessary to run different sensors from the data
logger. They contain extra code and instructions for the sensor that allows them to run properly

on your Arduino device without having to write it all out yourself.

chipSelect = 4;
led[] = {6, 7};
anne = A@; light = A1;
readingMinutes = 1; readingTime;
readTime = readingMinutes * 60000;
debug = 50;
lightReading; lightPercent;
windCount; windSpeed;

File myFile;

Ultrasonic ultr
RangeInCenti;

DHT dht (DHTPIN,DHTTYPE);
tempval;
humidity;

This line of code identifies the key integers used in the code. Lines 8, 9, 10, and 19 all identify
the pin numbers that each sensor is attached to on the Grove-Base shield. The remaining integers
are variables that are used when data logging is actually occurring. Each integer has a descriptive
name given to it. The sensors will assign a number to these integers whenever data logging is
occurring. We can then call on these names afterwards to print to an excel file and they will print
the value given to them to the file. Line 11 and 12 are used to determine how much time needs to

pass between readings.

blink( blinkNumber, ledNumber) {
igitalWrite(led[@], LOW);
; 1 < blinkNumber; i++) {
italWrite(led[@], LOW);

Write(led[ledNumber], HIGH); lay(1ee0);
digitalWrite(led[ledNumber],LOW); delay(1eee);




This is a function to identify if any errors occur at any time with the data logging device. The
blue LED will blink a certain amount of times depending on what the error is so that we can

visually see where the problem is without having to unhook everything.

Setup

setup() {
Serial.begin(9609);
while(!Serial);

for ( P =9; p< 3; p+) {
pinMode(led[p], OUTPUT);

} delay(debug);

pinMode(anne,OUTPUT); delay(debug);
dht.begin(); delay(debug);
pinMode(light,INPUT); delay(debug);

This is the beginning of the setup process. The setup process is used to make sure that all
processes necessary for data logging are running as well as define to the system what each sensor
is supposed to do. For example, lines 39-41 define the LEDs as being outputs. This means that
the system knows that we intend to send power to them whenever we need to use them. Lines

43-45 define the various sensors that are utilized on the data logger.

rint("Initializing SD card...");
Irite(led[@],HIGH);
debug) ;

gin(chipSelect)) {

erial.println("initialization failed.");
blink(2,0);
while(!SD.begin(chipSelect));

}

Serial.println("initialization done."); delay(debug);

This section of code is used to initialize the attached SD card. The code will not continue if the

SD card isn’t working to ensure that we will be able to save any data we take.



myFile SD 1("sealevel.csv”, FILE_WRITE); delay(debug);
y 3 | H g);

if (myFile) {

percent,");
*light_raw, "); myFile.print("light_percent,");

1.println("Headers written.");
{
l.println({"Failed to open file for writing headers.");
nk(4,0);
while(!myFile);

tup is complete”);
[e],L0uW);
ed[1],HIGH);

ed[1],LO0W);

This section of code creates a file on the SD card for us to save all of our data too. Line 57
creates the files name. Line 61-63 labels the headings for each file. Line 67-69 will give an error
code if the files are not created and labeled properly. Line 72-76 will only run if everything in
setup has occurred correctly. The blue LED will turn off and the Green LED will turn on for 5

seconds before any readings will take place.

Loop

delay(readTime);
readingTime += readingMinutes;

lightReading e light);
lightPercent = ma , 800, 0, 100);

windCount = ana @, anne);

windSpeed = windCount/2.2993;

RangeInCenti = ult

tempval =
humidity

check();

This code represents the beginning of the loop. The loop is what will continuously run over and
over again until the device is turned off. Line 82 will wait for a certain amount of time specified
in the pre-setup before readings take place. After that time is up, each sensor will take a reading,
and store its value to the integers we defined in the pre-setup. The readings, like on line 86, 89,
94, 95,and 97, do rely on custom functions which are shown later on in the additional functions

section.



myFile = SD.open(“sealevel.csv", FILE_WRITE);

nt(humidity);
nt(lightReading);

blink(1,1);

This part of the loop is where we store all of the data that we collect. Line 99 opens the file we
previously made. Lines 102-105, store the values for each sensor that was just collected. A
comma is also printed between each value as that is used to define that the next value needs to be

placed in the next column in the excel spreadsheet.

Additional Functions

averageDHT( numReadings, sensor) {
total = 0.9;
for( i=0; i<numReadings; i++){
total += sensor;
delay(debug);
} delay(debug);
return total/numReadings;

i

analogAverage( numReadings, sensor)
total = 9;
for( i=0; i<numReadings; i++) {
total += analogRead(sensor);
delay(debug);
} delay(debug);
return total/numReadings;

i

Lines 110-117 are a custom function used for the DHT sensor. The number of times you want a
reading to take place and from either the temperature or humidity sensor can be specified. The
values from each reading are then averaged together and then returned as the new value for
whatever integer you assign the function to. Lines 119-126 are a custom function to average the
readings from analog sensors. The same logic from the first averaging function applies here as

well.



check() {

if (lightReading < © || lightReading > 1023) {
lightReading = -1; lightPercent = -1;

} delay(debug);

if (windCount < © || windCount > 1023) {
windCount = -2; windSpeed = -2;

} delay(debug);

if (RangeInCenti < @ || RangeInCenti > 400) {
RangeInCenti = -3;

} delay(debug);

if (humidity < © || humidity > 100) {
humidity = -4.9;
} delay(debug);
if (tempval < -40 || tempval > 80) {
tempval = -5.9;
lay(debug);

This function is used to determine that all sensors are working and if not changes their sensor
value to a value that isn’t normally possible so it can be easily seen in the excel file. Each sensor
is given a unique number so that it can be easily identified. The light sensor is -1, the wind speed

sensor is -2, the distance sensor is -3, the humidity sensor is -4, and the temperature sensor is -5.



Installing Libraries

£y sketch_dec3a | Arduino IDE 2.3.3
File Edit Sketch Tools Help

Select Board

sketch_dec3a.ino

1 setup() {

To start click on the library install tab as see here.

(co)

File Edit Sketch Tools Help

10 AVR Boards
2uino Then search for the libraries that you want to install.

Boards included in this package:
Arduino Nano ESP32

2.0.18- v

Then click the install button and you’re done.

The libraries we used here are as follows:
- Grove Temperature And Humidity Sensor.h
- Ultrasonic.h

- SD.h



Testing

Once you have completed assembling the data logger, it is important to test it before
moving on to designing a housing for it and implementing it in the field. To do so, plug the
Arduino into your computer and allow it to run for a couple minutes to allow multiple data points
to be taken. I suggest lowering the reading time to 1 minute and then running the logger for ten
minutes. Afterwards, unplug the device and check the excel file on the SD card. Ensure that none
of the sensors are giving a negative number error code which would mean they are not working
properly. If they are giving a negative number, first ensure that all wires are attached correctly. If
they are looking to see if the sensor has any visible damage.

With this excel file of initial results, you can also test to see if the data logger sensor are
accurate. If you have another method of measuring the different data points, like a separate
thermometer, etc., you can then change the data points from the data logger to be more accurate.

Once these initial test are done, you can replace the SD card in the data logger and begin
actually taking data. For deploying the logger in a field, the most important aspects are powering
it and keeping it watertight. For powering, I suggest using a 9v battery as they are cheap and easy
to implement with the Arduino unit using the included 9v battery wire. For the device housing,
cheap plastic Tupperware containers work well for housing. Try to get ones that market
themselves as waterproof. These will typically have a rubber ring around where the lid goes to
keep an airtight seal. Holes can be drilled in the container to allow the sensors to come out and
silicone can be used to cover up those holes afterwards to maintain that waterproof effect.

Congratulations, you’re now ready to start data logging. This device measure wind speed,
temperature, humidity, light levels, and distance. This makes it a really good device for

measuring the change in tides for local waters. Happy logging!



