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Problem Statement

e The CCEE Department at lowa State is performing
research using unreliable, expensive sensors for

monitoring soil moisture and temperature that do not have
data acquisition modules included.



Solution

e Create an inexpensive, reliable DAQ to fit
our client’s requirements

e Use low-cost, off-the-shelf components

e [abricate sensors to measure moisture
content and temperature

e Maintain a functional and professional
design




Summary of Requirements

Functional Non-Functional
Detachable sensors Sample period of 15 minutes
Rechargeable internal battery Average battery life of 1 month
Waterproof enclosure Analog sensor interface
Battery charging indicator Minimum cable length of 6’
DAQ status LED Two channels of moisture and

temperature measurement

Real Time Clock for time/date stamps



Budget

e No labor costs or specific budgetary constraints
e Achieved our goal of spending less than $500 throughout entire project

DAQ (qty 1) $77.07

Sensor (qty 2) $37.90

Total System

Cost $114.97




Market Research

Data Acquisition/Data Loggers

Data Acquisition
Module

Data Logger

Associated Sensors

Temperature
Sensor

Soil Moisture &
Temperature
Sensor

Total Cost

$159 per sensor
$230 per Data Acquisition Module

$389 Total

$206 per sensor
$750 per Data Acquisition Module

$956 Total



Conceptual Sketch

Weatherproof enclosure
Rechargeable battery
Two sensor channels
Removable SD card




DAQ Design Revisions
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DAQ Hardware Design

e ATmega32u4 microcontroller
e Real Time Clock (RTC)
e Li-ion 18650 cell
o Hardware charging and protection ICs
e Micro SD card
e Micro USB for charging and programming




Hardware Implementation

e PCB used as front panel
o Saves no holes need drilled in box
o  Front panel labeling is free
o No internal wiring harness needed
o Reverse mounted LEDs provide waterproof indicators
e RTC used to keep microcontroller in sleep mode
o "“95% power savings over idle power draw
o RTC generates interrupt for microcontroller
e Power switch IC to control power to remote sensors
o Over current fault feature

e User status and charging LED indicators
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USB Connector
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DAQ PCB Layout
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DAQ Mechanical Design

Custom delrin enclosure
Waterproof gasket
PCB front panel with four thumb

SCrews

Battery holder mounted in
bottom of enclosure

Waterproof power switch
Reverse mounted indicator LEDs
M12 cable connectors to sensors




Sensor Design

e Powered by 3.3V supplied by the DAQ. Outputs two analog voltages; one
proportional to temperature, and one proportional to moisture content.

e Temperature measurement circuit is very simple, centered around a thermistor.
e Originally tried measuring resistance of soil, but this proved very difficult so we
switched to a capacitive approach based on an open source design that we

know works.



Sensor Temperature Measurement Circuit
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Sensor Moisture Measurement Circuit
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Sensor Layout




Software Design

Arduino based for ease of programming

ATmega32u4 microcontroller

Used standard Arduino libraries, functions, and public libraries from GitHub
Referenced data-logging example sketches and modified to obtain data from
the required number of channels

e Also looked at example sketches from public libraries as well to understand

their functions
o RTC programming
o  Putting microcontroller to sleep (and waking up)



Software Implementation

Program RTC via
12C
¥ Check/Reset RTC
Check Battery Flash Status Alam [
Voitage LED
Wakeup
Take
Measurements T
oltage good? No and Writeto SD Yes
Card
Yes
y Sleep
Check ifSDCads Flash Status
Populated LED
Card T
populated? No
Yes
4
Turn On/Off

Status LED Once




Testing Processes

e Measurement reliability
o Took measurements at various temperature with the system in
temperature chamber
e Temperature accuracy
o Verified our requirements of -30F to 100F by sweeping temperature using
the temperature chamber
e Moisture accuracy
o Mixture of sand/soil and water used to simulate various moisture
conditions



Test Results
DAQ

e Measured power draw for short amount of time when microcontroller wakes up to
take readings before going back to sleep
e Determined 3.38 V battery dropout threshold by incrementally changing input to

LDO and observing when its output goes out of spec
o Measured 3.267 V on LDO output (1% error from 3.3V LDO output voltage specification)

e Battery life is “67 days with 2.6 Ah battery

Measured Temperature VS Output Voltage

Sensor o
e Temperature sensor: Lowest -33 °C “ °7 o

output voltage 2.32V; Highest 34 °C

output voltage 0.498V

Output Voltage (V)



Lessons Learned

e C(lient relations

e Work effectively as a team
o “Divide and conquer”

e Temperature and moisture sensor design

e Software implementation: Power sleep mode, wake up interrupt, and
data-logging

e Spend enough time thinking at high-level before focusing on low-level details

e Many of our issues stemmed from mechanical problems



Thank You! Any Questions?



Reference Material



Moisture Sensor Simulation Schematic




Moisture Sensor Simulation Results
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