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What is open source?




mi Cr o Sti I I Home  About  Makeit Blog  Shop

§ #e ) J

Make Open”

Source‘Moons me
R e’

Build your own microstill and prepare spirits at home. All information just one clic! k away

Learn more Start Now




Bounce2 . h

Arduino Code ver0.2 Drawings Issue 02 Birdwatchers — Recipe
of the Month

In the last months significant Two months ago the drawings issue 01 was
impr sments were made on the code yosted. Making the microstill | found typos s 1 " . . i .
mprovements were made or the code. posied. Viaking the microstiii | found LYpPOS Birdwatchers is a simple recipe for sugar
Today ver 0.2 is released. The main new and errors that needed t o . T 2 ¢ -
loday ver U.z2 Is released. 1 he main new and errors that needed to... wash. Sometimes it is referred to as TPR

features... (+ e at aik ractinadlAt nradiimae -
RS (tomato past recipe). It produces a...

© Read more

© Read more © Read more




What is Arduino?

“Arduino is an open-sourced electronics
prototyping platform based on flexible, easy-to-
use hardware and software. Its intended for
artists, designers, hobbyists, and anyone
interested in creating interactive objects or
environments”,

http://arduino.cc w

ARDUINO



http://arduino.cc/

What is Arduino?

Atmega chip: microcontroller

Breakouts: easy access to microcontroller

“microcontroller kits”
Arduino open-source hardware
Arduino programming language

(1083 ;



Arduino is two parts

1. Hardware

UNITED STATES REST OF THE WORLD
coam . | AoEem
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Arduino is two parts”

2. Software

DS Blink | Ardulne 1.0
File Edit Sketch Tools Help

OO0 BHE

Blink

i -
Elink
Turns on an LED on for one second, then off for one zecond, repe

Thiz example code 215 in the pudlic domain.

£

w

void setup() {
S imdtialize the digitsl pin a3 an output.
A4 Pin 12 has an LED connected on nost Ardeino boards:
pintode (13, OUTPUT);
| 1

void loop{) {
digitalWrite(ld, HIGH}; /¢ ==t the LED on

deley (10000 £ walt for a second
digitalWrite (13, LOW); A set the LED off
delay (10007 A walt for a second

Arduing Une on fdewtbpACML



TOOLBOX

AGEOFTHEARDUINO

A booming market for small, cheap ‘single -board computers’ offers researchers microcontrollers are
ahelping hand in fields such as automation, networking and data collection. aIIowing users to pack huge

amounts of computing
power into tiny spaces”

MARCH OF THE MINI-COMPUTERS

The number of papers including the terms
‘Raspberry Pi" or ‘Arduino’ has been rising in
databases of scientific publications.

= Scopus
= PubMed
z
=
=
1]
EST-T1 0 PSR UORUORITY APTS
o
0
E
____________ =
< 100-
0 T .
2010 2012 2014 2016

Cressey, D. 2017. The DIY electronics transforming research. Nature 544: 125-126
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Camera IR LED'S

Screen

] ||
+
12V Battery

DIY Infrared Night Vision Device by
MattGyver92



http://www.instructables.com/member/MattGyver92/

Our Goals

Turtle research

GPS loggers are expensive, want alternative
Create community

Interdisciplinary student research



Turtle Research

Wanted: GPS logger for
box turtle research

* Affordable
* Easy-to-use

* Small footprint (e.g.,
<5% of the body mass)

Carapace Length: ~¥11-15cm
Weight: x ~ 600g






ARDUINO

DAY 2015

266 EVENTS / 71 COUNTRIES

YOU MADE IT A GREAT DAY!
WWW . ARDUINO.CC




Research possibilities

* |Interdisciplinary research

wired.com

Want to Make It as a Biologist? Better
Learn to Code

Author: Emily Dreyfuss. Emily Dreyfuss Science

Evan Mills
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Soldering Equipment

~ )
yeertiil >

Lead-free solder

- ND P
¥ R,

Chip Quik™
Fipy Tinner
“@ <
M. Chipgui¥ oF

Brass Sponge Third hand Desoldering braid Tip cleaner



Soldering Basics

Don’t: Use the very tip of the iron.
Do: Use the side of the tip of the iron, “The Sweet Spot.”

Do: Touch the iron to the component leg and metal ring at the
same time.

Don’t: Glob the solder straight onto the iron and try to apply the
solder with the iron.

Do: While continuing to hold the iron in contact with the leg and
metal ring, feed solder into the joint.

Do: Use a sponge to clean your iron whenever black oxidization
builds up on the tip.

Solder flows around the leg and filis the hole - forming a
volcano-shaped mound of solder

B Error: Solder balls up on the leg, not connecting the leg to the metal ring.
Solution: Add fiux, then touch up with iron.

C Error: Bad Connection (i.e. it doesn't look like a volcano)
Solution: Flux then add solder.

D Error: Bad Connection...and ugly...oh so ugly.
Solution: Flux then add solder.

L E Efror: Too much solder comnecting adjacent legs (aka a solder jumper)
SOBON: Wick off excess soider

https://learn.sparkfun.com/tutorials/how-to-solder---through-hole-soldering



Soldering Exercise

49936A-Y13027-170704

turtle survival alliance

c2 Symposium ¢
® 2017
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LED1 LED2

49936A-Y13027-170704
e

turtle survival dﬁmce
Symposium ¢
v 2017

Designed by Pat Cain
CC BY-NC




Major Components

On/Off switch Transistor

Arduino Pro mini microcontroller

R
Py
-

:
\,g,.&l"

=

Hook-up wire (solid) _
56 Channel GPS receiver Lipo battery




GPS unit assembly

Work in pairs

PN2222 Transistor
(Collector—Base— Emitter)

Remove solder bridge

FTDI pins
for loading code

Battery




icrocontroller prep

VI

Remove solder bridge to power regulator
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Removing the solder bridge

m
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Cut wires

Practice stripping (wires) on 22 and 28 AWG

i

Lengths:

Jumpers: 2.5-3.0 cm el

Trim GPS wires

Black: 3 cm
Red: 3 cm

White: 4 cm \ %



Solder jumpers to switch

Top

JST 2-PH
Battery
Breakout
w/Suitch

I&cmcm on
Suisuitched

> 5
SIRC SR )

&
O
)
HE)
@)
(af)]
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itch to Pro M

Attach sw

Hot glue or electrical tape

z
@0 0:
o

CC RXI TXO

rduino Prg

Solder points



Solder transistor

Solder Points

Flat side out!

UCC RXI TXO =
*Hini M <

o G6ND
‘Xoo
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Solder GPS wires
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This is what it should look like...




Arduino IDE

sketch_mar09a | Arduino 1... — ] X

File Edit Sketch Tools Help Load blink sketch to
make sure it works

sketch_marl9a

boid setupi) ¢ ~
S/oput your setup code here, to pun Once:

H

woid loop() {
A4 put your main code here, to run repeatedly:

Install libraries:
Tiny GPS++
LowPower

v EEPROMex

Arduing Due (Frogramming Port) on COMA
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Load code

* Code for a twrtle GPS recelver ond Lodger

» March 2216

b P, Catn, Irgdigog Stoie Unlversity, Terre Hauwte, TN

- <@

- M. Cross, Sowling Green Stote University, Bowiing Grzen, On
* Microcontroller 15 the Arduino Pro Mindl 3wd: |

* GPS R ¥. Sparkfun.

-

-

L o
, - . 5

* Power pin to Jvl ~Y-]
X

® GhD pin tronsistoses to GNO |
. - o

= Tx pim to 04 2
- It - " i “

= PN2222 Tramsistor! bese (eigdle pin) to Fin D2 o
“

g

R R R R R R R AR R RS RSN RN R e
s

/¢ Librorias and Links to dowmlood.
FéFar dnfo on fastalling A @ Libraries, so@ ATps S v, orduing, cofensGuides L ibraries
dinclude ¢SoftwareSerial, hp

Ainclude {TEAYERS+s A AontepiSiacduiniana, orgflibracies TinyEpeplusy

Himclude {LowFower.h® A htepsidigithub, comfrocketscreans Low-Pomer

Himclude {EEPRDMex.hy AF htkp:ifithids, elenbaas net/2812/87 Ffextendad-2epron-library - for-arduino

FUlSASAsASAEsAEEEREEES 2 i VARTA EERAAREREBERES
Twi varibles to cefine e to ocquire o
(e with batter aften the watt

geeurs in hour

walve bpurd will give you

o N io om
give you thras, etc. ¥/

A7 now Lang will GPS receiver ftoy oa

int stay_on = 2; Jeminutesss

S how long 15 the doto logging interval? {time betw=en recgings)

int logg=r_interval = 5; /®hours®/

o s i s e s e s e s i o o i oo s s s e F

F #

wink32_t fesdDuraticon = stav_on = SB2G0; Fitime GRS 13 o

wink32_t sleeplnterval = [logper_interval * &3 * £33 F &; Sfrow nurher of

static const int REPin = 4, TAPin = 3;
stakic const wintdZ_t GPSBaud = SECE;




b omoe o B W e e

Code

S NN R R IR R F RN R F NN R F R IE AR IRN R R AT

= Code for a turtle §P5 recelver ond Logger

L March J@IE

. /7, Catn, Indiogng Stote University, Terre Houte, TH

. -gnd'-

. M. Cross, Jowlimg Green Stote University, Bowling Green, OF
L]

* NMicrocontrolier is the Arcduino Pro i 3wd: bttps /. sparkfun. comsproducts 11114

® GP5 Recedver: Attps:s/www. sparkfun. com/products/ 13748

Wiringr

 LEEE.

Power pin to ok

GRD pin tronsistor to GNO

* Tx pin to 04

= MNI2Z22 Transistor: bege (eiddle pin) fa Fin D2

®

R R R R R R NIRRT R

Sf Librorias ond Links to dowmloed.

FiFar info on tnstolltag Arduing Libreries, see hitps: fww. ordulne, cofensGuldeslibraries

Ainclude <Softvareserlal b

Minclude £TERYERS+s b £ ntepsfraeduiniana. ergflibreries tinvgpspluss

Aimclude <LowPower.hs £ httpscffgithub, confrocketscreans Low-Power

Aimclude <EEPROMaEx.h» Jf htepifithifs. elenbaas, net/ 2012587 faxtendad-eepron-1ibrary - for-arduing

Feessssssssssssssassss’ UTFR DFFINFD WARTAFLES Jessssssssssssssas
Two varthles to defloe ore how Cong the GF5 will stoy oo to ocguire o sigral (stay_om), Tradeoff GPS

up tiee with bottery Life. The arther var{able 45 Raw often fhe vl pakes ond (ogs Jote (logger_interval.
This eccurs in hour dnfervals,
wWill give you thra=, stc. %7

mg on power wd, Teelve bourd will give you e painfsd o doy, eight

£ how Long will GPS recelver stoy on
int stay_on = 2; Seednatessys

S5 how Lomg 15 the doto (oggimg intervall? (time betw=en recdings)
int logger_interval = &; /“hourses

R RN RN E IR RS R I I EEEEEEEEEEEEREEEEREES

wint32_t fesdDuraticn = staw_on = GO263; Sitime GPS {5 gwaks ond feeding dota o voriable containers
wint32_t sleeplnterval = [logger_interval * &0 * &30 f §; Afrow nuwber of cycles of wobchdog interrupt

static comst int REFin = 4, TZPin = 3;
static comst wintd2 t GPSBaud = 2E28;

https://bitbucket.org/Splat01/



To Change Recording Frequency

2? fs:ks:&:sxs-k*sxxﬂsxs-k*s:ks*s{ UEER DEFI".'ED II'"AR_I_AELES }*8:—%8*833-3*83:-:*:-_::-:**

28 Two voribles to define ore how long the GPS will stoy on to ocquire o sigrol (stoy_on). Trodeoff GPS

29 up time with bottery life. The other vorioble is how often the unit wokes ond Logs doto (logger_intervaol.
38 This occurs in hour intervols, storting on power up. Twelve hours will give you two points o doy, eight
31 will give yvou three, etec. *F

S how Long will GFS receiu;;—:;;;.zﬁ‘\\

int stay_on = 2; /*minutes®s

You can change how long the unit attempts to
get a fix

vol? (time between reodings)

Ton Long 15 the doto Leggin
int logger_interval = 5; /*hours#/S

e E R e

:-:c$RHR$*H$$RHR$*H$$RHR$*HK

\ This is where you can change the time

between readings

For now set the interval to record once every minute or 0.017

*Remember* Adjusting these parameters will
affect battery life and the unit has a limited
amount of memory (83 locations).



Calculating Battery Life

size of memory (kilobytes) 1000

# readings per day 1

total min (min per gps feeding) 1 Days to fill EEPROM

hours/day spent feeding 0.02 83

mA per day feeding 1.67

sleep draw (mA) 0.03

Battery size (mAh) days weeks Memory Total readings

100 41.9 6.0 Mem left 42
150 62.8 9.0 Mem left 63
360 150.8 21.5 Mem full 83
770 322.6 46.1 Mem full 83

1000 419.0 59.9 Mem full 83
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Data download

ring up GPSlogger ReadClear sketch.

onnect FTDI connector.

@ Arduino @ X

9 =

L <)

50% (47

Tue Mar 14 21:52 PatCain Q @

R

/devjcu.usbserial-A603H8A3

Send

oad sketch to Iogge r.

Lat,Lon,Date, T
41.370967,-83.
41.370922, -83

41.370941,-83.
41.370887,-83.
41.370899, -83

41.370918,-83.
41.370880, -83.
41.370910, -83

41.370914,-83 .

COPY Begin
ime

617980,15/3,01:40
617897,15/3,01:41
617912,15/3,01:42
617912,15/3,01:43
617889,15/3,01.:
617912,15/3,01:45
617904,15/3,01:46
617919,15/3,01:47
617897,15/3,01:48

S

#include <EEPROMex.h>

pe “R” for read. s

ouble LonOut = ;
byte dayOut

yte monthOut

1 byte hourQut =

e minuteOut

byte secout = @

nt addressDouble =
t addressByte =
st int memBase = O;

roubleshoot.

{
(115200);

7 EEPROM.setMemPool(memBase, EEPROMSizeUno);
col t maxAllowedWrites = 1024;
EEPROM. setMaxAl LowedWri tes(maxAl LowedWrites);

Arduino Pro or Pro Mini, ATmega328 (3.3, 8 MH2) on /dev/cu.usbserial-AG03HBA3

Finished

Please type C to clear EEPROM, R to Read, A to print last address used

to clear EEPROM, R to Read, A to print last address used

Autoscroll

No line ending u 115200 baud u



Data Visualization

|19 160518.1xt - Notepad = R ==
File Edit Format View Help

Lat,Lon,Date, Time -
41.556339,-83. 854194 ,19/4,21:15
41.557888,-83, 860252,20/4,02:21
41.557865,-83, 860214 ,20/4,07:26
41.557991,-83. 860084 ,20/4,12:31

M 41, 558422,-83.860305,20/4,17:38

O a a In O no e a 41,558395,-83. 860252,20/4,22:45
41.558555,-83. 860290,21,/4,02:51

41.558460,-83. 860267 ,21,/4,08:56

41, 558261,-83.860313,21,/4,14:01
41, 558414 ,-83.860427,21,/4,19:07
41, 558441 ,-83. 860496,22,/4,00:14
41, 558456,-83. B60870,22/4,05:19
41,558532,-83.860382,22/4,10:25
41.558666,-83. 860443 ,22,/4,15:30
41, 558715, -83. B60481,22,/4,20: 37
41, 558681 ,-83. 860420,23/4,01:42

L]
Save aS CSV fl Ie =] = 41,558746,-83.860435,23/4,06:48
° Home IR e S 41.558769,-83.860481,23/4,11:52
—ar i - 41.558952,-83.861396,23/4,16:58
4 Catiori n AN == 41.558975,-83.861381,23/4,22:06
b 8 Comy - g e S g puepee 41.559032,-83.861366,24/4,03:11
- < Fommat Painter Sl EFIPETS 41,558979,-83.861396,24/4,08:16
Clipboard Fent 41.558925,-83.861381,24/4,13:20
AL - £ Lat 41.558986,-83. 861587 ,24/4,18:28
" 5 c o c : 41.558986,-83,. 861587 ,24/4 ,18:28
1 |Lat _len northing easting Date Time il
2 | 41.55871 -83.8614 4604738 261383 8-Dec 14:29
3 | 41.55806 -83.862 4604668 261331.7 13/8 12:00 4 L,
o060 4 | 41.55806 -83.862 4604668 261331.7 14/8 9:30
5 | 41.55806 -83.862 4604668 261331.7 15,"3 6:58
6 | 41.55806 -83.862 4604668 261331.7 16}'8 4:26
7  41.55806 -83.862 4604668 261331.7 17/8 1:54
8  41.55806 -83.862 4604668 261331.7 17/8 23:22
9 | 41.55931 -83.8613 4604804 261395.4 18,"3 20:49
10 41.55945 -83.8612 4604820 261402.3 15}'8 18:18
11 41.55923 -83.8613 4604796 261393.2 20/8 15:47
12 41.55933 -83.8613 4604807 261398.1 21/8 13:15
13 41.55939 -83.8613 4604814 261398.3 22,"3 10:40
14 41.55941 -83.8613 4604816 2613964 23}'8 8:05
15 41.55929 -83.8611 4604802 261407.4 24/8 5:31
16 41.5596 -83.8612 4604836 261402.2 25/8 2:58
17  41.55899 -83.8615 4604769 261374.5 26,"3 0:26
18 41.55918 -83.8616 4604791 261368.2 26}'8 21:55
19 41.55907 -83.8618 4604780 261350.7 27/8 19:23
20 41.55909 -83.8616 4604780 261370.4 28/8 16:50
21 41.55904 -B3.8615 4604776 261372.8 29,"3 14:18
22 41.55901 -83.8616 4604772 261367.6 30}'8 11:46
23  41.55909 -83.8615 4604780 261373 31/8 9:14
24 41.55943 -B83.8615 4604818 261381.2 9-Jan 6:41




Data visualization

< Google Earth
File Edt View Tools Add Help
¥ Search

B DNRGPS =x

File Edit GPS Waypoint Track Route RealTime Help

Get Directions History

Waypoints (15) | Tracks | Routes | Real-Time ¥ Places
type ident Latitude Longitude y_proj X_proj comment 7 Neu2sveg -
WAYPOINT | w1 41554107 | 83852375 | 41554107 | -83 852375 Sty
WAYPOINT | W2 | 41554107 | 83852325 | 41554107  -23.852325 e
WAYPOINT | W3 41559211 | 83862129 | 41558211 | B3 BE129 % s
WAYPOINT | W4 41559089 | 83862113 | 41559089 | -83.862113 et
WAYPOINT | W5 41558975 | B386164 | 41558975 | 5386164 : ',6;2:;';}”"“
WAYPOINT | WE 41558959 | 83861763 | 41558359 | B3 8E1763

) WAYPOINT | W7 41553914 | gaecimar | a1 mEacts | sameimor
WAYPOINT | W2 41558952 | &
WAYPOINT | w3 41558925 | &
WAYPOINT | W10 | 41558582 | &
WAYPOINT | W11 | 4158857 | &
WAYPOINT | Wiz | 4155854 | &
WAYPOINT | W13 | 41558547 | &
WAYPOINT | W14 | 4155843 | & TR
WAYPOINT | W15 | 41370975 | & T R

[ — DMR. Garmin

0 Projection: Mo Projection

GRASS CIS




Other DIY GPS Logger Research:




Other DIY GPS Logger Research:
Modifications




Other DIY GPS Logger Research:
DIY

A Low-Cost GPS GSM/GPRS Telemetry System:

Performance in Stationary Field Tests and Preliminary
Data on Wild Otters (Lutra lutra)

Lorenzo Quaglietta’, Bruno Herlander Martins?, Addy de Jongh?, Anténio Mira®", Luigi Boitani’

Google sarth

2632015 dev 145 m

oresh 8108k

http://fritzing.org/projects/wireless-gps-datalogger



Turtle test
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Attachment methods




Casing options







Interdisciplinary/Outreach

Presented high school students with a problem to
solve:

“Design a GPS logger case for box turtles”.

* Specs
— GPS logger should be easily accessed
— Should not increase the footprint of the logger by too much
— Lightweight

* The rest was up to them

PENT. I
GNP RO UD

Toledo Public Schools




Response was incredible
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Customization

Temperature
Remote download
Increased storage




Customization: PCBs




TNG expanded memory




GPS logger evolution




Will still need a transmitter!!!
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Questions?

SHYNET

NEURAL NET-BASED ARTIFICIAL INTELLIGENCE




