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Introduction

Since 2009 the Gulf of California Marine Program (GCMP) has adopted
the use of portable GPS trackers and in-field technicians to overcome
logistical challenges and collect fisheries data. These efforts have
provided useful information on Small Scale Fisheries (SSF) fishing
practices in coastal communities along the Gulf of California and
Mexican Pacific. The resulting data has led to publications by Erisman et
al. (2012, 2015) on the seasonal fishing practices and landings of a
variety of species, including the gulf corvina (Cynoscion othonopterus)
fishery that accounts for the most biomass harvested in the Upper Gulf
of California. The information gathered using GPS devices also allowed
GCMP scientists to publish an analysis piece regarding the impact single-
species conservation efforts can have on fisheries and the communities
that depend on them (Aburto-Oropeza et al., 2017). This methodology
has also allowed researchers from the Centro para la Biodiversidad
Marina y la Conservacidon to study the artisanal fisheries in Bahia
Magdalena, which they have described in detail (Cota-Nieto et al.,, 2017).

FisheriesNET team members have designed and produced a compact
GPS tracker model equipped with rechargeable batteries and a solar
panel. Information recorded by the trackers includes automatically
incremented offshore trip number, vessel speed, and distance from port
(a user defined position), mitigating post-collection processing time.
The autonomous units are installed on vessels of SSF to effectively
monitor temporal and spatial patterns of fishing effort for individual
boats, fisheries, and communities over long periods without the need of
direct short-term maintenance.



Our standalone software allows users to visualize large datasets in
google maps, generate time series of vessel speed and distance
traveled, filter data by trips number and vessel speed, and identify
actual fishing locations using statistical and visual tools. Further
development of software for FisheriesNET will permit remote access to
stored data through a direct Internet connection to secure servers,
allowing for real-time monitoring of fishery data. The combination of
standalone and web-based software will increase the availability of
information to a network of parties interested in SSF and provide access
to an information storage, sharing, and analytical platform.

Solar GPS tracker designed by the Gulf of California Marine Program.



FisheriesNET objectives

(1 ) Develop a cost-effective long-term solar powered GPS tracker
and catch monitoring system.

(2) Design and launch a standalone software and publicly
available web-based interface to visualize and analyze GPS
and catch data.

(3) Promote the use of this methodology to NGOs, scientists,
fishermen, and government agencies to increase fisheries data

collection.
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Solar Tracker - Hardware

The hardware side of the FisheriesNET project, is made of a series of
Arduino-based devices to know the locations of SSF boats during
their fishing trips. The GPS devices use a web-based application with a
TinyCircuits TinyZero processor, based on Atmel SAMD, equivalent
to an Arduino Zero processor.

The GPS device is built with TinyCircuits shields and a 32-bit
processor. There are three Shields, described below:

GPS shield: Allows us to know the device’s location and
can be programmed to get tracking position every second
or wider intervals of time.

SD shield: Helps store tracking position in a microSD card.

Radio shield: Allows to send information stored in the
microSD card to a gateway computer. Distance range is
around 500 meters in open view.

The Gateway device is built using a TinyCircuits shield and a 32-bit
processor. This device only needs one Radio shield and is responsible
for acquiring data from GPS devices, to later send it to a Gateway
computer that will backup info and send it to a server.

The Gateway computer can be a Raspberry Pi 2, Raspberry Pi 3,
Raspberry Pi Zero W. This computer should run Raspbian and
requires an internet connection to send the data collected through
the Gateway device to a server.

To program GPS devices and Gateway devices please review section
“Arduino IDE setup” where information on how to configure a
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MacOS X computer to be used to program all GPS devices can be
found. Information regarding device programming can be found in
section “Devices setup’.

To configure Gateway computers review section “Gateway
Computer”. Note that the configured computer will be where
all work and data will be stored. Expected computer models are
Raspberry Pi mini computers.

Solar GPS tracker designed by the Gulf of California Marine Program showing its
internal components and the solar panel used to charge the batteries. The GPS
tracker is built inside a water-proof container to minimize damage and allow easy
access for maintenance and/or repairs.
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The solar GPS tracker designed by the Gulf of California Marine Program is installed
on the SSF boat to guarantee it records the boat’s position and movement during
the fishing trip. Data is later extracted from the memory card on the tracker.



Arduino IDE setup

1. Download and install Arduino IDE 1.8.3 from www.arduino.cc.

ARDUINO 1.0.6 / 1.5.x / 1.6.x
PREVIOUS RELEASES

ARDUINO SOFTWARE
HOURLY BUILDS

2. You must add support for TinyCircuits processor boards. Open
Arduino IDE and go to “Arduino/Preferences...” menu:


http://www.arduino.cc/

[ ] Preferences

B Network

Sketchbook location:

[fUsers fvicente /Documents /Arduino Browse
Editor language: System Default E (requires restart of Arduino)
Editor font size: 12

Interface scale: Automatic 100 T % (requires restart of Arduino)

Show verbose output during: compilation upload

Compiler warnings: None E

Display line numbers
Enable Code Folding
Verify code after upload
Use external editor
Aggressively cache compiled core
Check for updates on startup
Update sketch files to new extension on save (.pde -> .ino)

Save when verifying or uploading
Additional Boards Manager URLs: i
More preferences can be edited directly in the file

fUsers (vicente/Library /Arduino15/preferences.txt

(edit only when Arduino is not running)

OK Cancel

3. Click last little button in the row where label “Additional Boards

Manager URLs:” is to open next window and enter
“http.//files.tinycircuits.com/ArduinoBoards/package_tinycircuits_index.jso

n

n-.

10


http://files.tinycircuits.com/ArduinoBoards/package_tinycircuits_index.json
http://files.tinycircuits.com/ArduinoBoards/package_tinycircuits_index.json

® @ Additional Boards Manager URLs

Enter additional URLs, one for each row

http:/ /files tinycircuits.com/ArduinoBoards [ package_tinycircuits_index.json

Click for a list of unofficial boards support URLs
OK Cancel

4. Click “OK” button to close window. You should see something like
the picture below; press “OK” button to continue.

] Preferences

Newwork

Sketchbook location:

/Users /vicente/Documents/Arduino Browse
Editor language: System Default E (requires restart of Arduino)
Editor font size: 12
Interface scale: Automatic 100 T % (requires restart of Arduino)

Show verbose output during: compilation upload
Compiler warnings: None ﬁ

Display line numbers
Enable Code Folding
Verify code after upload
Use external editor
Aggressively cache compiled core
Check for updates on startup
Update sketch files to new extension on save (.pde -> .ino)

Save when verifying or uploading
Additional Boards Manager URLs: http://files.tinycircuits.com/ArduinoBoards /package_tinycircuits_index.json ‘ﬁ'

Maore preferences can be edited directly in the file
fUsers /vicente/Library/Arduinol5/preferences.txt

(edit only when Arduino is not running)

OK Cancel
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5. Open the “Tools/Board:/Boards Manager...” menu in the window

that opens and locate the row containing “Arduino SAMD Boards
(32-bits ARM Cortex-M0+)”; click on it and click the “Install” button.

[ ey ] Boards Manager

Type All a Filter your search...

Arduine SAM Boards (32-bits ARM Cortex-M3) by Arduine
Boards included in this package:
Arduino Due.

Online help
More info

Arduino SAMD Boards (32-bits ARM Cortex-M0+) by Arduino

Boards included in this package:

Arduing/ ino Zero, Arduino/ ine MKR1000, Arduino MKRZero, Arduine MKRFox1200, Arduing MO Pro, Arduino MO, Arduine Tian, Adafruit
Circuit Playground Express.

Online help

More info

1.6.15 [EJ | Instal

Arduine STM32F4 Boards by Arduino
Boards included in this package:
Arduing Star OTTO.

Online help

More info

Close

6. Now locate the row containing “TinyCircuits SAMD Boards” and
click on it; click “Install” and then “Close”.

[ ey ] Boards Manager

Type All a Filter your search...

Boards included in this package:
SmartEverything Fox.

Online help
Mare info

TinyCircuits AVR Boards by TinyCircuits
Boards included in this package:

TinySaber Rev2.

Online help

More info

TinyCircuits SAMD Boards by TinyCircuits
Boards included in this package:
TinyScreen+, TinyArcade, TinyZero.

Online help

More info

1.0.7 Install

Close
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7 . Next, open a terminal and enter the following commands:

cd

mkdirp~/projects/scripps/
cd~/projects/scripps/

git clone ssh://git@gemlab04.ucsd.edu/home/git/solar-
tracker-gateway.git cd

mkdir -p ~/Documents/Arduino/libraries/In -s ~/projects/scripps/solar-
tracker-gateway/arduino/libraries/RadioHead/

documents/Arduino/libraries/

In -s ~/projects/scripps/solar-tracker-
gateway/arduino/libraries/SoftwareSerial/ Documents/Arduino/libraries/

~— -bash

fresona:~ vicente$ cd

fresona:~ vicente$ mkdir -p ~/projects/scripps/

fresona:~ vicente$ cd ~/projects/scripps/

fresona:scripps vicente$ git clone ssh://git@gemlab@4.ucsd.edu/home/git/solar-tracker-gateway.git

Cloning into 'solar-tracker—-gateway'...

git@gemlab®4.ucsd.edu's password:

remote: Counting objects: 694, done.

remote: Compressing objects: 100% (548/548), done.

remote: Total 694 (delta 247), reused 201 (delta 44)

Receiving objects: 100% (694/694), 371.33 KiB | 170.00 KiB/s, done.

Resolving deltas: 100% (247/247), done.

fresona:scripps vicente$ cd

fresona:~ vicente$ mkdir -p ~/Documents/Arduino/libraries/

fresona:~ vicente$ 1n -s ~/projects/scripps/solar-tracker-gateway/arduino/libraries/RadioHead/ Documents/Arduino/libraries/
fresona:~ vicente$ ln -s ~/projects/scripps/solar-tracker-gateway/arduino/libraries/SoftwareSerial/ Documents/Arduino/libraries/
fresona:~ vicentes [J
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http://gemlab04.ucsd.edu/home/git/solar-tracker-gateway.git
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Devices set-up

A. Gateway device set-up

1. Open Arduino IDE and load the following sketch:

~/projects/scripps/solar-tracker-
gateway/arduino/sketches/tiny0_gateway/tiny0_gateway.ino

2. Choose “TinyZero” in the “Tools/Board” menu and then “Internal

32KHz Oscillator” in the “Tools/Build Option” menu. Next, upload the
sketch.

[ ] [ ] tiny0_gateway | Arduino 1.8.3

tiny0_gateway

#include <Wire.h>
#include <5PI.h=
#include "RH_RFZ2Z.h"

RH_RF22 g_rf22(7, 3,

uintd_t g_bufferRadio[RH_RF2Z_MAX_MESSAGE_LEN];
uint&_t g_length;

uint3Z_t g_alive = @;

String g_bufferSerial;

String encodeCconst String& line) {
long xored;
String result;

xored = @;
for (int 1 = @, m = line.length(); 1 < m; +1) {
xored = xored ~ line[i];

result = String(xored, HEX);
result.tolUpperCase();
if (result.length() < 2) {
result = "8" + result;
}
return String("$") + line + "*" + result;

}

vold setup() {
SerialUSE.begin(960@);
while {!SerialUSE);
if (lg_rfzz.init()) {
SerialUsE.printlnCencodeC"LOG] fail”ld;
while (true);

}
g_rf2Z.setTxPower(RH_RFZZ_TXPOW_26DBEM);
g_rf22.setModemConfig(RH_RF22: : GFSK_Rb125Fd125);
SerialUSE.println{encode("LOG|start"));

}

void loop() §

TinyZero, Internal 32KHz Oscillator on COM1
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B. GPS device set-up

1. Open Arduino IDE and load the following sketch:

~/projects/scripps/solar-tracker-
gateway/arduino/sketches/tiny0_gps/tiny0_gps.ino

2. Choose “TinyZero” in the “Tools/Board” menu and then “Internal

32KHz Oscillator” in the “Tools/Build Option” menu. Next, upload
thesketch.

[ JoN ] tiny0_gps | Arduino 1.8.3

tiny0_gps

fiinclude <Wire.h=

#include <5PI.h>

#include <50, h=

#include <SoftwareSerial.h>
fiinclude "TinyGPS.h"
#include "RH_RFZZ.h"

#define SD_CS 18
#idefine GPS_RX A@
fidefine GPS_TX Al
fidefine SY5_ON AZ
#idefine ON_OFF A3

RH_RF2Z g_rf2Z(7, 32,

char g_name[3] = "ZZ";

byte g_interval = 15;

bool g_ok = false;

float g_lotitude = TinyGPS: :GPS_INVALID_F_ANGLE;
floot g_longitude = TinyGPS::GPS_INVALID_F_ANGLE;
floot g_distance = 0.0,

unsigned int g_sleep = 380;
SoftwareSerial g_serial({GPS_TX, GPS_RX);
unsigned long g_wake = @;

boolean g_started = folse;

TinyGPS g_gps;

bool g_flagZ = false;

bool g_flagl = false;

byte g_year = @;

byte g_month = @;

byte g_day = @;

byte g_second;

byte g_minute;

byte g_hour;

float g_fixLatitude;

float g_fixLongitude;

floot g_altitude;

floot g_speed;

floot g_course;

TinyZero, Internal 32KHz Oscillator on COM1
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The GPS devices need a configuration file inside their micro SD card
named “settings.ini”. This file contains the following information:

a) Name: two characters used to identify a specific device;
both characters and numbers can be used.

b) Interval: number of seconds between tracking position
recordings.

C) Latitude: coordinates where Gateway computer is and
where information is sent once GPS device detects it is nearby.

d) Longitude: coordinates where Gateway computer is and
where information is sent once GPS device detects it is nearby.

E) Distance: distance, in meters, to Gateway computer so
transfer of data begins.

f) Sleep: once GPS is near a Gateway computer, the device can
go into sleep mode to save energy. This variable specifies the
time, in seconds, the device will be in sleep mode.

An example of how the content of a settings.ini file looks like can be
seen bellow:

Name =00

Interval =15

Latitude =32.715736

Longitude =-117.161087

Distance =50

Sleep =60

In the example above, a GPS device will be identified as “00” and its
position will be taken every 15 seconds. If distance to a Gateway
computer is 32.715736, -117.161087 (lat / long) and less than 50
meters, then the GPS device will begin to send data. The GPS will go
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into sleep mode and wake up and check its position every 60 seconds.
If it hasn’t been moved, then it will continue on sleep mode, otherwise

it will begin to record data every 15 seconds.

Gateway Computer set-up

1. Open a terminal to enter the following commands:
cd

sudo timedatectl set-timezone
America/Tijuana mkdir-p
projects/scripps

cd projects/scripps/

git clone ssh.//git@gemiab04.ucsd.edu/home/git/solar-—

tracker-gateway.git cd solar-tracker-gateway
echo prod > MODE

eoe vicente — rypi: PR tracker-gat — ssh pi@192.168.0.26 — 20456
cp il ypiz 0 y — ssh pi@192.168.0.26
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2. Enter “make install’ command and when it prompts you to enter the
mysql server password, enter “root”

eoe

— pi@raspberrypi: Jsolar-tracker-gateway — ssh pi@192.168.0.26 — 204x56

~— pi@raspberryp: 1680, T

Jpackage configuration

€onfiguring mysql-server-5.5
While not mandatery, it is highly recommended that you set a password for the MySQL administrative

root” user.

If this field is left blank, the password will not be changed.

New password for the MySOL “root" user:

« The following commands are needed to create a database:
cd

database/prod/

make install
make build

6 — 204556

vicente — pi@raspbarrypi: ~/projects/scripps/solar-tracker-gateway/dat

ssh pi@192.168.0.
— 53N PIE92168.0.26 4

Unpacking 1ibobi-perl {1.631-3b1

Selecting previously unselected package |ibdod-nysql-perl.

Prenaring 1o unpack - 1\indhdonyaqi-perl 4828 3-dembut_arehl.deh ...

Unpacking 1ibdbd-mpsql-perl (4.028-Zodeblul)

ed package Libtern-readkey-perl

Preparing to unpack .../libtern-resckey-perl_2.32-1-b2_arshf.deb
b

2) .

viously unselectad package wysql-client-5.5.

Preparing 1o unpack .../mysql-client-5.5_5.5.55-0+debsu

(5.5.55-pe0ebBul) ...

Selecting previously unselected packsge mysql-server-core-5.5.
/mysql-sarver-core=5.5.5.5. 55-0+0ebBul_arnnt. deb

Unpacking mysql-server-care-5.5 (5.5.55-8+deblivl)

ssing triggers for man-db (2.7.5-1vbpoliell ...

p mysgl-common (5.5.55-8~debull ...
package mysql-secver-5.5.

arent.den ...

Selecting previously unselectaa packse Lintnl-tenplate-perl.
Preparing to unpack .../libhtnl-template-perl 2.95-1 all.deb ...

Unpacking 1ibhtml-templota-perl (2,85-1) .
Selecting pre v unselectad packoge my
Preparing 5o unpack. s s /myealoserer. 8.5, 55-6oaebhul. olL.deb ..
Unpacking myzql-server (5.5.55-0+gebBul) .

gers for man-db (2.7.5-1~bpoliel) ...
gers for systend (215-17+debBul) ...

bl 8.3.110- .
Ubnysqlelient18:arnhf [5.5.55-8+debul)

g up Libebi-perl (1.631-3+b1) .
Ec"nu up Libdbd-nysql-perl (4.028-2edebBu2) .
tern-readkey-perl
.5 (5.5.55-BrdebBull .

be rexoved in a future release. Please use the full name instead.

Setting up mysal-server (5.5. s5-pegeniu)
Processing triggers for 1ibc-bin (2.19-10+0e08ul8) .
Procassing tridpers for systens (215-17.06007) ...
#5ud0 service apachez restart

co pip install PyMySQ
Downlasding /unpacking PyySQL

Dawnlaading PyMySOL-8.7.11-py2.pyd-nonc—sny.uhl (T8KB]: 78kb dounloaded

Lling collecied packages: PylySoL

Tully installed PyNysoL
Cleaning up. ..

Tinished.
ofects/scripps/solar-tracker-gutewsy § cd database/prod/
i~sprojects, —gatewsy /dBtabsse/prod 3 nake Lnstall
cat gatanase.sal | wysal
rojects, —tracker-guatewsy/dotobose/prad 3 make build

cat tables.sql | mysql -u root -proot solar_db
barry rojects/scripps/solar-tracker-gatevay/database/prod 3




4. Add a service to listen to a Gateway device for incoming data and
another service to upload received data to a web server:

sudo crontab -e

cat tables.sql | mysql —u root —proot solar_db
pi@raspberrypi:~/projects/scripps/solar—-tracker—-gateway/database/prod $ sudo crontab -e
no crontab for root — using an empty one

Select an editor. To change later, run 'select—-editor’'.
1. /bin/ed
2. /bin/nano <———— easiest
3. fusr/bin/vim.tiny

Choose 1-3 [2]: J

5. Press Enter to choose default (nano editor) or choose the one
you prefer; add the following two commands in the editor box that
opens:

@reboot /opt/solar-tracker/solar-tracker-gateway.py start
@reboot /opt/solar-tracker/solar-tracker-uploader.py

6. Press Ctrl + O and Enter, then Ctrl + X

7. After rebooting (command: sudo reboot) you can connect a Gateway
device.
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