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● Collecting environmental data is 
important for a number of reasons
○ Soil moisture to see if it’s 

sustainable for crops
○ Temperature for examining 

the ecosystem in an area 
● Sensors used for collecting data 

might be in far or remote locations
● It takes time to go by foot and can 

be dangerous to get to
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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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High- Level Diagram of Sensor Node



High- Level Diagram of Mobile Node
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Packet Data Content/Excel Format
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● Keep mobile node small and light enough to be able to be 
mounted onto a UAV.

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

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

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

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

● Making sure the data doesn’t take too long to transfer from the 
sensor node to the mobile node.
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MR1. Guaranteed battery life up to 30 minutes for the mobile node on the UAV.
MR2. User will need an FAA license to operate the UAV. 
MR3. Sensor nodes will support multiple sensors (soil, humidity, and temperature). 
MR4. Can reach areas that are difficult to reach by foot. Up to a 90 meter radius.
MR5. Flag is initiated when a certain sensor is unresponsive.
MR6. User can receive data directly from the mobile node SD card.
MR7. Overall data information will be uploaded through a Matlab program displaying: node ID, 

sensor data, time, date, GPS coordinates. 
MR8. Sensor node batteries do not need to be manually recharged or replaced. 
MR9. 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.).

MR10. Both sensor and mobile nodes (without the sensors) will cost under $60 per node.
MR11. Data accurate to three significant figures.
MR12. The system must be able to function over long periods of time without maintenance 



11

ER1. 5 volts supplied by the power supply of the UAV to the mobile node.
ER2. Data will be transmitted and received up to 300 feet. 
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).
ER5. Can support at least 3 sensors at a time on each sensor node.
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.
ER8. Sensor nodes will be powered by solar charged batteries. 
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).
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● 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. 
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Calibrating Temp Sensor Comparing our soil moisture sensor 
with a HydroSense II soil-water sensor
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● The sensor node device uses 0.130 Amps to operate, while the solar panel 
produces about 0.500 Amps in sunlight.

● LiPo battery fully charges from solar panel in 6-8 hours in direct sunlight.
● LiPo battery lasts at least 8 hours without power from sun when fully 

charged
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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.   
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● Here we measured the 
received signal strength 
between two nodes over 
distance and over time. 

● We were able to go over 
500 ft without losing 
signal. We could have 
gone further, but ran out 
of unobstructed space.
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● Here we simulate a 
worst case scenario

● A mobile node is on a 
UAV that does a fly by 
(as opposed to 
stopping at the 
location). 

● This tests the 
minimum transmission 
time we will have.
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UAV Speed m/s
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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
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Sensor Node Locations with            
50 ft. radius

Sensor node locations 
with 200 ft. radius
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● 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.  
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The flight path of the UAV along with 
the 200 ft GPS radius that the mobile 
node did the transmission in 

Data from the test after being 
processed by our Matlab program.
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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.
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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.

Taylor Green

Josh Red

Abe Blue

All Gold



● 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.
● Dealing with weather that prevents outside testing. 

26



• 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.
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Mobile Node Flow Chart 



Sensor Node Flow Chart



Handshake Timing 
Diagram
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Sensor Node Circuit 
Schematic



Power Circuit Schematic
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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.  
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3 3.7V 1200 mAH 
batteries

$10.00
each 

3 Digilent chipKIT 
uC32

$30.00
each

1 Digilent chipKIT 
WF32

$70.00

4 Xbee S3 Pro 
Radio Module

$42.00 
each

4 Xbee breakout 
boards

$3.00
each

3 Temperature 
Sensors

$10.00
each

3 Soil Moisture 
Sensors

$50.00

3 Humidity 
Sensors

$30.00 
each

3 Device casings 
for sensor 
nodes

$20.00 
each

1 GPS Module $16.50

3 Real Time 
Clock Module

$6.00
each

3 Solar Panels $9.00 
each

Quantity Part Price Quantity Part Price

4 900MHz Duck 
Antennas

$6.36
each

4 Xbee Shield $12.00

4 16 GB micro 
SD card

$10.00 
each

3 Micro SD card 
Module

$7.50

3 3.3V buck 
converter

$5.00
each

3 LiPo charger 
board

$6.00 
each

Quantity Part Price


