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SONOMA The Problem
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e Collecting environmental data is
important for a number of reasons
o Soil moisture to see ifit's
sustainable for crops
o Temperature for examining
the ecosystem in an area
e Sensors used for collecting data
might be in far or remote locations
e |t takes time to go by foot and can
be dangerous to get to
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SONOMA The Solution
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We developed a system that will
allow the user to easily collect
sensor data remotely, through the
use of a mobile device that will
connect to the sensors wirelessly.
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SONOMA System Overview
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SONOMA Hardware Design

STATE UNIVERSILTY
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Data Sample
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; A | B | € | D e |
1 |Mode_Mumber Date_Time Temperature Soil_Moisture Humidity
2 1 4/21/2017 17:35 29.125 66.6151 35
3 1 4/21/2017 18:05 21.75 45,7066 36
4 1 4/21/201718:35 22,75 359.7379  36.2999
5 1 4/21/2017 19:05 26.3125 38.4683 35,7999
6 1 4/21/2017 19:35 26.5625 37.8203 a5
7 1 4/21/2017 20:05 25.5 37.2149 34
8 |GPS Coord 38.343465 -122.594609 o 0
9 2 4/21/2017 20:35 23.125 37.7486  33.5999
10 2 4/21/2017 21:05 21 38.4864 33.7
11 2 4/21/2017 21:35 19.1875 35,1799 33,7999
12 2 4/21/2017 22:05 17.75 39.8167 34.2999
13 2 4/21/2017 22:35 16.5625 40.5953 35.2999

MATL AB 14 2 4/21/2017 23:05 15.625 41.1727 35.9

The Language of Technical Compuing 15 |GPS Coord 38.34405 -122.593627 0 0
1g | 3 4/21/2017 23:35 14.8125 41.6583 36.2999
17 | 3 4/22/20170:05 14 42,5551 36.9
18 3 4/22{20170:35 13.3125 53.671 37.2999
19 3 4/22/2017 1:05 15.625 47.7884  47.2999
20 3 4/22{30171:35 16.625 46.1274 45.9
21 3 4/22/2017 2:05 15 45.8864 1.7
22 |GPs Coord 38.344578 -122,594327 o 0

Packet Data Content/Excel Format
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SONOMA Challenges
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e Keep mobile node small and light enough to be able to be
mounted onto a UAV.

e Mobile node must be able to distinguish between the three sensor
nodes.

e Mobile node needs to be able to inform the user when a sensor
node is down.

e Keep the power consumption of the sensor nodes low enough so
that they can be powered indefinitely via solar.

e Ensure that there will not be too much interference from the
environment during communication.

e Making sure the data doesn’t take too long to transfer from the
sensor node to the mobile node. 9
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SONOMA Marketing Requirements
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MR1.
MR2.
MR3.
MR4.
MRS5.
MRG.
MRY7.

MRS.
MR9.

MR10.

MR11.
MR12.

Guaranteed battery life up to 30 minutes for the mobile node on the UAV.

User will need an FAA license to operate the UAV.

Sensor nodes will support multiple sensors (soil, humidity, and temperature).

Can reach areas that are difficult to reach by foot. Up to a 90 meter radius.

Flag is initiated when a certain sensor is unresponsive.

Overall data information will be uploaded through a Matlab program displaying: node ID,
sensor data, time, date, GPS coordinates.

Sensor node batteries do not need to be manually recharged or replaced.

Node will be placed in weatherproof casings to protect them from damage and will be

durable enough to withstand outdoors conditions. eg rain, etc., (won't necessarily withstand
tampering from wildlife such as bears, etc.).

Both sensor and mobile nodes (without the sensors) will cost under $60 per node.

Data accurate to three significant figures.

The system must be able to function over long periods of time without maintenance

10
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SONOMA Engineering Requirements

STATE UNIVERSI|TY

ER1. 5 volts supplied by the power supply of the UAV to the mobile node.
ER3. Data is transferred to the user's computer by use of an SD card.
ER4. Will use ZigBee wireless protocol for low power consumption (will have low data rate of
250 kbps).
ER6. Mobile node PCB will be 3x 3 so it can be placed easily on a medium to large sized UAV.
ER7. Mobile node will weigh no more than 5 ounces.
ER9. Mobile node will use a GPS module to know when to receive data and also check to see
if a sensor node is being unresponsive.
ER10. Each Xbee module will have attached 900 Mhz band rubber duck antenna (RPSMA
connector).
ER11. The size of the data packet size must be restricted so that transmission doesn't take too
long or the data takes up too much space in the sensor node's flash memory (around 32
bytes per data set). 11
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SONOMA Sensors
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e All three sensor nodes will be using the same exact sensors and same
number of sensors. In this project, each sensor node will have a
temperature sensor, humidity sensor, and soil moisture sensor.

12
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SONOMA Sensors
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Calibrating Temp Sensor Comparing our soil moisture sensor
with a HydroSense Il soil-water sensor

13
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ER4/ER5/ER6/MR3/MR9

Sensors
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SONOMA Long Term/ Power Tests
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e The sensor node device uses 0.130 Amps to operate, while the solar panel

produces about 0.500 Amps in sunlight.
e LiPo battery fully charges from solar panel in 6-8 hours in direct sunlight.

e LiPo battery lasts at least 8 hours without power from sun when fully
charged

Sunlight to the Solar Panel

Full Sun

Partial Sun

12:00am
1:00am
2:00am
3:00am
4:00am
5:00am
6:00am
7:00am
8:00am
9:00am
10:00am
11:00am
12:00pm
1:00pm
2:00pm
3:00pm
4:00pm
5:00pm
6:00pm
7:00pm
8:00pm
9:00pm
10:00pm
11:00pm
12:00am

15



e

SONOMA
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After completing the
Sensor Nodes, We did a
long term test to see
how long they last last

with a full charge.

It collected data every 30

min recording a

timestamp and data.
Here our node ran for 20

hours without any
corruption.

MR8/MR9

Long Term/ Power Tests

ij GoodlLongRunTest - Notepad
File Edit Format

View Help

B,2017/4/28
3,2017/4/28
3,2017/4/28
3,2017/4/28
3,2017/4/28
3,2017/4/28
3,2017/4/28
3,2017/4/28
3,2017/4/28
3,2017/4/28
3,2017/4/28
3,2017/4/28
3,2017/4/28
3,2017/4/28
3,2017/4/28
3,2017/4/28
3,2017/4/28
3,2017/4/28
3,2017/4/28
3,2017/4/28
3,2017/4/28
3,2017/4/28
3,2017/4/28
3,2017/4/28
3,2017/4/28
3,2017/4/28

9:4:23,85.8,92.8565,52.7999d
9:34:24,14.6875,94.8836,46.9999d

1a:
1a:
11:
11:
12:
12:
13:
13:
14:
14:
15:
15:

16

17

4:25,15.5625,95.4886,46.9999d
34:26,16.8125,95.7265,45.2999d
4:27,17.6258,95.9353,35. 28868d
34:28,18.3758,96.1174,35.2999d
4:29,19.6875,96.20891,35.6d

34:30,21.0,96.2857,33.5608d

4:31,21.8750,96.30887,25.60008d
34:32,22.8758,96.1257,24 . 1008d
4:33,27.1258,98.1187,14.1886d
34:34,27.1258,86.62083,12.5088d
4:35,29.0,84.7429,12. 580084

34:36,28.6258,84.5756,11.6999d

:4:37,30.8125,84.6172,16. 5006d
16:
17:

34:38,34.4375,85.1848,9. 30008d
4:39,33.1875,86.1868,7.99995d

:34:48,31.3125,87.1628,7.599999d
18:
18:
19:
19:
28:
28:
21:
21:

4:41,32.1258,88.6983,6.908868d
34:42,33.8125,98.6713,6.90088d
4:43,28.6258,93.5587,5.19999d
34:44,23.3125,95.3185,5. 8888ad
4:45,18.6875,95.9743,25. 60008d
34:46,17.6250,96.4812,43.9008d
4:47,16.3750,96.7898,51. 9608d
34:48,15.6258,97.5561,54. 5608d

3,2017/4/28
3,2017/4/28
3,2017/4/28
3,2017/4/28
3,20817/4/29
3,2017/4/29
3,2017/4/29
3,2017/4/29
3,2017/4/29
3,2017/4/29
3,2017/4/29
3,2017/4/29
3,2017/4/29
3,2017/4/29
3,2017/4/29

22:4:49,14.3125,97.1369,59.8d
22:34:50,13.62508,97.26088,61.08d
23:4:51,13.0,97.3586,65.1999d
23:34:52,12.37508,97.4312,67.50008d
09:4:53,12.1875,97.4897,68.6999d
©:34:54,11.8750,97.5555,768.9999d
1:4:55,11.5625,97.5891,71.5800d
1:34:56,16.7568,97.6489,80.5008d
2:4:57,11.5000,97.7164,74.6999d
2:34:58,18.3125,97.7285,75.98008d
3:4:59,18.6250,97.7586,76.8000d
3:35:0,11.8,97.8134,72.9999d
4:5:1,16.5000,597.8219,73.3600d
4:35:2,9.62500,97.8441,78.1999d
5:5:3,9.31250,97.8215,80.30888d

16
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SONOMA Long Range Test
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Absoulte Power Vs. Distance

e Here we measured the ;
reCelved Slgnal Strength 10 G 50 100 150 200 250 300 350
between two nodes over 57
distance and over time. 2 20 dapg

e \We were able to go over g "‘3;
500 ft without losing 2 pr i 2
signal. We could have a0 R e
gone further, but ran out ~,-=3.-;E:9x'=-5.3&4:{-3?.595 Distance {m] y=0.001¢ - 0.4105x - 38.84
of unobstructed space. v ST—— N ... T

17



/—\— ER2/ER4/ER11

SONOMA Transmission Time Simulation
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e Here we simulate a Mobile O;;
worst case scenario oo

e A mobile nodeis on a
UAYV that does a fly by
(as opposed to
stopping at the
location).

e This tests the

minimum transmission {
time we will have. {

Sensor
Node

Rd

Rx

18
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SONOMA Transmission Time Simulation
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I U~ Speed mis

Range Radius(m)

Flight Altitute

_ <-Zighee Transmission rate

Contact Range

Contact Time

12.489996
14.96662955
17.32050808
19.59591794
21.81742423

24
26.15339366
28.28427125
30.39736831

Data (byte)
39031.23749:
46770.71733|
54126.58774!
61237.24357:
68179.45072,

75000!
81729.355191
88388.34765
94991.77596

1
_____________________________________________________________________________________________ a1

Data Bytes Transmitted)

8400 2500 3900 62.44997998 124.89996
8100 2500 5600 74.83314774 149.6662955
10000 2500 7500 86.60254038 173.2050808
12100 2500 9600 97.97953971 195.9591794
14400 2500 11900 109.0871211 218.1742423
16900 2500 14400 120 240
19600 2500 17100 130.7669683 261.5339366
22500 2500 20000 141.4213562 282.8427125
25600 2500 23100 151.9868415 303.9736831
Data Bytes Transmitted (given Vd=10mis & Tz=25Kbps)
100000
75000
50000
25000
0
80 100 120 140 160

RF Range Radius (m)

19
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UAV Test
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Flight Test Height Time Above
Sensors

1 90 feet 5 minutes

2 50 feet 3 minutes

3 50 feet 1 minutes

Early Prototype of Sensor Node

20
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SONOMA Moving Mobile Node Test
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Sonoma State

Tﬁwnwersim'

Sensor Node Locations with Sensor node locations

50 ft. radius with 200 ft. radius y
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SONOMA Sensor Node - Complete
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e After constructing each
sensor node we placed them
in a weatherproof PVC casing
then hoisted up on a metal
outdoors U-post. Both the
sensor circuit and power
circuit were able to fit in the
casings.

22
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SONOMA Final Test
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_ A | B | C | D E |
1 |Node_MNumber Date_Time Temperature Soil_Moisture Humidity
7| 1 4/21/2017 17:35 29.125 66.6151 35
3 1 4/21/2017 18:05 21.75 45,7066 36
4 1 4/21/2017 18:35 22.75 39.7379  36.2999
5 1 4/21/2017 19:05 26.3125 38.4683 35.7999
6 1 4/21/2017 19:35 26.5625 37.8203 a5
7 1 4/21/2017 20:05 25.5 37.2149 34
& |GPS Coord 38.343465 -122.594609 0 0
9 2 4/21/2017 20:35 23.125 37.7486  33.5999
10 2 4/21/2017 21:05 21 38.4364 33.7
11 2 4/21/2017 21:35 19.1875 39.1799 33.7999
12 | 2 4/21/2017 22:05 17.75 39.8167 34.2999
13] 2 4/21/2017 22:35 16.5625 40.5953  35.2999
14__: 2 4/21/2017 23:05 15.625 41.1727 35.9
15 |GPS Coord 38.34405  -122.593627 0 0
16 | 3 4/21/2017 23:35 14.8125 41.6583 36.2999
17| 3 4/22/2017 0:05 14 42.5551 36.9
18 3 4/22/20170:35 13.3125 53.671 37.2999
19 3 4/22/2017 1:05 15.625 47.7334 47.2999
20 3 4/22/2017 1:35 16.625 46.1274 459
21 3 4/22/2017 2:05 15 45.8864 417
22 |GPS Coord 38.344578  -122.594327 [1} 0

The flight path of the UAV along with Data from the test after being
the 200 ft GPS radius that the mobile processed by our Matlab program.

node did the transmission in 23
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SONOMA Estimated vs. Actual Budget
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Estimated Budget of Parts: $633.31

Actual Cost of Parts: $991.00

*Some of the parts, such as the soil moisture sensors, were donated. Other parts
were bought on sale for less. The budget does not include shipping.

24
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SONOMA Schedule (Spring)
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_Em“mﬁ ekl EHE Sl AowT FMowd FovE Oeoi Decdl DwcdT Decdd dndk el S Gnddl Fab-3 Fabdi Fabdl FabdT BT BrdE Serld Serdd dprd Aprddl dpedd Sepd Sepi

4.0 Wirer Breal Work

41 B ModasFrogary 5D 18Des) Zaan | 34 =

Cardinlid syshem | Taylor |

42 Solr Fover Systerd GFE 18Dee) Ban | M 0% It IS <:|

43 Mo Tl sl o 180s0 2-Jan 34 0% P ||

4.4 Projeet Updads 1 I7han| E-Jan 1 1R Bl |- B
&5 implimantation [2Tban iMay | o% | m | =

510 Dgrae Orouk ITdan| AT | i 0% el |

=11 SDCiTui Ml AMmr | O | Takr N Tay|0r Green

512 imgirmeank Pomes Sy shae }."F-lm_ 4t | 35 0% Joshi = |

£1.3 Project Upasis =2 Y U 1R ol | = &
5.2 0 Prograr Do (W] b | C1ENer 14 0% K

521 Program 50 Cam (80 4Mer s 14 0% | Taglor == JOSh Red

52 2 Program Qack (80 M M 4 0% | Jan [REEN

52 3 Program Sens o Duta (NG | 188kar|  TApDr 20 0% desk =] £

SZ4FiAs MelaoFrogan 1EMar FAge | o0 o% | Tk =] Abe Blue

52 & Project Updsis £ Thpr BADr | 1 i Hi | m—- 1
53 Frd Rt Tbund i Tgw | My | 0% 5 wi

20 Fingl Prcerishion Prap. | 18y 16May 14 SR TS

5.1 Findl FowerPors TMny | 13May | 10 SR, A s

&2 Fird Cocumariaion Il My | S A -

6.3 Fnd Presertafion Pracica My 4Ny i S M L

4.0: Winter Break Work: Matlab program, SD card, power system, gps, Xbee configuration.
5.0: Implementation: circuit design and build, microcontroller programming, debugging.
6.0: Final Presentation Preparation: Powerpoint, final documentation, practice.
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SONOMA Lessons Learned
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Document everything.

Project budget management.

Sensor Calibration takes time and patience.

How to power devices through a solar panel.

How to manipulate a GPS module.

How to make an idea into a product and understand the processes that go
along with it.

Collaborating with the SSU UAV committee required paperwork and
separate meetings.

Learning the importance of time management.

e Dealing with weather that prevents outside testing.

26
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SONOMA Future Work
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® Make the system completely autonomous.

® Make a network where each sensor node is connected together and sends
the data to a central node when asked.

® Have the data from the sensor nodes display data in real time.
® Implement a data archiving system.
® More user friendly GPS coordinate set up.

® Change over from uC32 and WF32 boards to independent microcontrollers
to further reduce size and cost of the nodes.

27
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® Our Faculty Advisors Dr. Chris Halle and Dr. Farid Farahmand for their help and
support.

® Our Industry Advisor, Mr. Sean Headrick and Aerotestra for making our final test
possible.

® The SSU SOURCE award for funding this project and making it possible.

e MESA coordinator, Dr. Carolyn Peruta, for donating soil moisture sensors for this
project.

® Ourintern, Micaela Bush of MESA, at Santa Rosa Junior College for helping us
with necessary testing at the Pepperwood Preserve and project documentation.

e Suzanne Decoursey, reservations manager at the Fairfield Osborne Preserve, for
letting us test this project at the preserve.

® Our friends and family for their support.
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SONOMA Questions
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Questions/Comments

29
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. BATT+
LiPoly
Charger
LOAD+
LOAD-

Solar Panel DCIN+ STAT1
s ,
% DCIN- STAT2

I

Lithium Ion Battery 3.7V

Power Circuit Schematic

L | Adafruit

LM3671

i

Motor Shield

ucs2
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H
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Mobile Node Schematic
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We stir our
temperature probe
in the ice bath while
running the program
until we reached
freezing point
temperature.

Calibration

ROM = 28 BE CO A9 8 0 0 DA

DS1E8B20

=1 &6 0 4B 46 7F FF A 10 F1 CRC=F1l
Temperature = 0.37 Celajius, 32.67 Fahrenheit
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Budget/Components

Quantity | Part Price Quantity | Part Price Quantity | Part Price
3 3.7V 1200 mAH | $10.00 3 Soil Moisture $50.00 4 Xbee Shield $12.00
batteries each Sensors
3 Digilent chipKIT |$30.00 3 Humidity $30.00 4 16 GB micro $10.00
uC32 each Sensors each SD card each
1 Digilent chipKIT | $70.00 3 Device casings | $20.00 3 Micro SD card | $7.50
for sensor each Module
WEF32
nodes
3 3.3V buck $5.00
4 Xbee S3Pro | $42.00 1 GPS Module | $16.50 converter each
Radio Module each
3 Real Time $6.00 3 LiPo charger $6.00
4 Xbee breakout | $3.00 Clock Module | each board each
boards each
3 Solar Panels $9.00
3 Temperature $10.00 each
h
Sensors eac 4 900MHz Duck | $6.36
Antennas each
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