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Motivation

* Growing plants
* with a busy schedule
* and not killing them
* so you know what goes into your food.
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Objectives

 Portability

* Renewable

« Usability

« Sustainability

« Serviceability

* Economical

* Adaptable and Robust
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Specifications

Final Enclosure dimensions: 2.0'W x1.0’D x 3.0’H

The enclosure assy. weight <12lbs

1 Lith.-Iron 12V battery for the system. <6”L x 6”W x 6”’H Weight <3 Ibs.
Sensors within %10 Accuracy

Power cables oil resistant and rated for 12 AWG
outdoor use.
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Central Microcontroller

Key Features & Specifications
# Texas Instrument’s (TI) Voltage 3.6Vto 1.8V
M S P430 F5342 6 Low Power Modes [ Active Mode: 290 nA/MHz
o LPM3: 1.4 pA
* Optimized for portable LPM4: 018 pA
. Architecture 16-Bit RISC with extended
measurement devices memory and up to 25 MHz
8 Data vaUISltlon through Memory 126 KB Flash, 10 KB SRAM
digital /O and SAR analog- | __
L Timers Four 16-Bit with cap/com
to-digital converter registers
% Compatible with Communication 2 USCI consisting of UART,
IrDA, SPI, and I°C protocols
Stonestreet One 38 GPIO
ADC 12-Bit SAR with internal
BI UetOOth StaCk reference and S/H options
Additional HW 32-Bit multiplier, RTC, 48
pin VQFN package




Microcontroller System Connectivity
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Microcontroller Software

* Main task is to manage and record data from sensors
* Manual control and Autonomous modes

* QOverall, a cooperative multitasking design driven by
interrupts

* Each sub-process consists of basic operations and return
promptly

* Minimizes starvation and removes need for locks
* Leads to a modular and maintainable system

* Developed using TI’s Code Composer Studio IDE
* JTAG and BSL used to interface with MSP430
* Embedded C and Assembly development
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The pH Meter

* lons in the soil make contact with the glass electrodes
and create a potential difference which is proportional
to the pH reading

* The current is sent to the MCU and processed to yield a
pH value

* By dismantling such a meter, we could identify the
signal path and connect the leads of the probe to the
MCU



The pH Meter

* The pH sensor is a passive analog
device it requires batteries only for
the LCD

* Most sensors offered a built in LCD,
amplifier and ADC. These sensors
were not designed to be interfaced
with a microcontroller

 Luster Leaf Soil pH Meter provided

a pH range of 3.5-9.0 for a
reasonable price
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Testing pH

* A pH reading is only valid when the soil is moist. Therefore,
a logic condition must be implemented in the MCU that
evaluates the soil moisture sensor before acquiring a pH
reading

* The signal of a known pH from the leads will be sent to a
voltmeter to determine the voltage-pH correspondence or
the leads may be connected to an ADC pin of the MCU
yielding a numerical value

* The value may inserted into the following equation to
obtain voltage:

V. — Vo
Vapc = 4095|— A |
Vref - Vref



* The absorption spectrum
of the plant is defined by
the by the spectral
components that are
conducive to the plants
growth

+ Some of these frequencies
are outside human
perception which is why
the lumen unit does not
apply to plants

Absorption

Wavelength A{nm)
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Grow Light

* Among the many options available for the Grow Light
selection, High Intensity Discharge, Sodium Vapor and
LED provided the most desirable characteristics

« LED has its limitations but was selected based on price,
output spectrum and minimal heat generation

* Options regarding the selection of LED was limited
because the power source is DC, most consumer LEDs
are bundled with a rectifier. Instead of a bulb,
weatherproof, flexible LED strips will be arranged into an
array to illuminate the plant
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Light Sensor

* Required a lighting source that generates negligible
heat and consumes little power

* The phototropic nature of the plant dictates that light
must be switched on/off for specific cycles. Such
timing determines the conditions in the MCU for
activation

* The grow light must activate only during daytime
hours under low light conditions, never at night
The TEPT 5700 photo-sensor
provided the necessary sensitivity
and response to the required grow
spectrum
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Temperature Sensor

* Vegetronix THERM200
* DCinput and output
+ Low power Tp =V, * 75.006 — 40

* High range

T, =V,, *41.64 — 40

out

* Linear relationship
* 2 second delay
* 15 min delay for rapidly changing temperature

Input Output Temp
3.3-20V 0-3V -40 t0 185 °F



Moisture Sensor

* Vegetronix VH400

+ Measures volumetric water content
(VWQ)

+ DCinput and output

* Low power

* 400 ms delay

* Requires testing to find limits

Input Output

3.3-20V 0-3V
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Irrigation System

Water Pump

* Low power
* Submersible
* 7V DC

* 7[16” tubing

Water level Sensor

* GEMS LS-3
# Single Point Level Switch
* Very low power
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Wireless Communication

* PAN1326-CC2564 Bluetooth
module

* Dual mode that supports
Bluetooth classic and BLE
following Bluetooth v4.0

* Compatible with BT stack
from Stonestreet One

* Power req’s:

* Supply voltage: 1.7V -4.8V
* Consumption: 40 mA max
* Range: 50-100 m



w’

User Interface

* Mobile application
developed with PhoneGap
and jQuery mobile 1.3.0

* Hybrid application

* Enables single
development for multiple
platforms

* Limits development to
JavaScript, HTMLS5, and
CSS3

# OSS through Apache 2.0

License (Cordova)



PASS Interface

What would you like to do?

New Plant

Enter information about a new plant

PASS Controller
Send commands to the PASS

PASS Status & History
Compare the current condition with past trends of the system

Settings
Adjust options for the application

About PASS
Information about developers of PASS

\
User Interface

PASS Viewer

What is your plant?

Common name:
e.g. Sunflower

Plant type:
e.g. Annual flower

Binomial name:
e.g. Helianthus annuus

pH preference (avg):
53

Water
preference:

Somewhat moist

Autonmous behavior: ‘&&m

FAQ

PASS Viewer

Frequently Asked Questions

This section provides an overview of some commonly asked
questions about the PASS and plant characteristics such as pH
values and moisture levels.

1. What is the binomial name of a plant? And how is it
different from the common name?

A plant species contains a binomial name, which is the
scientific nomenclature. The common name is just how it
sounds, it is the term that is used to frequently refer to a plant.
Common names are shared across numerous different plants
from various regions of the world. So in order to minimize
confusion, the binomial name of a plant should be used.

2. Why does the PASS need the type of my plant?

The type of your plant can fall under many categories.
Whether it is a cactus, vegetable, herb, or something else the
type of the plant can assist in determining growing cycles and
other information to assist in prolonging your plant's survival.

3. What s the optimal pH for my plant?

Each plant has an optimal soil pH level to provide excellent
growing conditions. This value can be found on the provided
plant tag or by asking a representative from a local plant
nursery.

4. What is a valid range for the pH level for my plant?
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Block Diagram
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Power System (Final Design)

* 12 VDC18 Amp Hour Lithium Iron Battery

* Solar [ PV Array Rated at 30 watts

* PV Controller Unit

* 120 VAC - 12VDC voltage rectifier

* 12VDC-5VDCand 12VDC - 3.3VDC voltage regulators

* UPS switching component for Battery power source or
Commercial PWR source
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Prototype Battery

__xg * Lead-Acid
(E * 12 volts

* 5 amp-hours

G # 20 hour duration
i (discharge)

B 26.2014 12:43
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Photovoltaic Array Configuration

« Tilt Angle is fixed (adjustable)

* Azimuth Angle — Variable

PV array facing south at fixed tilt.



SOLAR IRRADIANCE (W/m?)

Solar Energy

Irradiance Level

SOLAR
IRRADIANCE

INCREASES SOLAR

IRRADIANCE
DECREASES

SUNRISE SUNSET
TIME OF DAY

units = kWh/m?/day



* 3 X 1.5 Watt Solar Panel Array
(Prototype shown)

* 12 volt Bipolar Stepper motor

* Ancillary Controller Unit

* Motor Driver Unit

* 3.00 in stabilization Sport Wheels

* LED Sensor circuitry
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Mechanical Design in AutoCAD
Solar / PV Tracker

17.50

— 4.1681
—r 3.4150

7.4563

| .‘\7//& 0.6531
/‘.

Dimensions in inches
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Solar Panel / PV Element
Specifications (Prototype)

Individual Mono Crystalline Cell

Oz * 4.5 volts @ 1.5 watts

..\:; |

= * 334 milli-Amps
= # Dim -5.11in X 3.34 in X 0.125 in

fofa—12:48
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PV Element Description

+ Two types of crystalline modules:
Mono Crystalline and Multi Crystalline cells.

#* Mono Crystalline has a uniform molecular structure and
is more efficient.

+ Multi Crystalline cells used due to cost and availability.
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dim: 2.125in x 2.625 in

* Provides Stepper Motor Commands and Light Sensor interface

* |DE application for this Board has extensive
libraries of existing code for efficient programing.

* Interfaces easily with various driver boards such as
a stepper motor driver.
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Adafruit Motor Shield v2.0

* Interface between Ancillary
'000000000000000000
l-~ 0000000000000000000 ) MCU and Stepper Motor.

QO00000000000000000
= 0000000000000000000

* Forward, Reverse, # steps,
and step type commands

BET

dim: 2.125in x 2.625 in
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Stepper Motor vs Servo Motor

Stepper Motor Servo Motor
Number of poles 50 to 100 4to 12
Position encoder req. No Yes
Torque at high speeds Low High
Price of Control System Lower Higher

* The Stepper motor is ideal for precise control and
used for numerous robotic applications.

* The Stepper motor’s applicationis
for tracker’s azimuth angle control.
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Bipolar Stepper Motor Description

Stepper Motor NEMA 17

This document describes mechanical and electrical specifications for PEC Linear
stepper moiors; including siandard, hellow, and exiended shaft variations.

Phazes F
Stepa/Revolution 200
Step Accuracy +5%
Shaft Load 20,000 Howrs =t 1000 AFM
Bxigl 25 N (5.6 bz} Push
65 N (15 lhs.) Pull
Radial 29 N (6.5 |b=.) Ak Flat Center
IF Rating 40
Approvals RoHS
Oparating Tamp -20° Cto +40° C
Insulztion Class B, 130° C

Insulztion Aesiztancs 100 MagOhmes

Standard shaft motor shown.

Dimensions: 1.67 in X 1.67in X 1.57in

* 1.8 degrees x 200steps = one revolution

* Maximum limit for pulse rate or step rate
is typically 200 to 300 steps per second.
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3.3 volt DC Step-Down PCB Evaluation
Board

+ Simple Switcher Power
Module LMZ12002

+ Resistor Network used as
voltage divider

* 0805 components used
* dim1.7inx3.0in
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LMZ 12002 Power Switcher Schematic
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Commercial Power Rectifier Design

Bridge Rectifier

V..=12VDC

out —
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Commercial Power Rectifier Design

* Full wave bridge design-
* 4 diodes at the Transformer’s Secondary Output at 100% duty cycle.
* The bridge design avoids requirement of a center tap Transformer.

Vie = [Vout+Vreg+Vrect+Vripple] Vnom]
0.9v2 Viow
* The transformer’s secondary voltage rating is listed above:
* Vreg — the voltage drop across the regulator at 3.25VDC or greater.
* Vrect — voltage drop across the rectifier at 1.3VDC or greater.
* Vripple — ripple voltage at 10% peak of the output.



Photovoltaic Controller
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PV Controller

Brief Theory of Operation

* MOSFET Q4- Current switching
device

* Dual OPAmp IC2- Buffer and voltage comparator
receives battery reference voltage.

* LM555- Timer used for pulsed charging time
of battery.

* Trimmer Pot.- Calibration adjustment of
battery’s reference voltage.
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PV Controller Simulation

File Edit Wiew Place MCU Simulate Transfer Tools Options Window Help Jg[gﬂ

| @Q@@.H]EE%‘& % 4 B [—In Use List— - ?

(1

re BB IpDo=my 0§ 1]
“lTu = o%[:zt;é‘mq&”

Design Toolbox -] x| o ! , | o | 5 - . Pl
e B T A=
/) EEL4914C_PV) 3 e
EM eeLasuac)| || 1.764V ) =
ke (2] (d (2] [«] T PN PLTCIOI T T T ST — | 2
P = || e ZSK2553SD4 !;'
; e gt 5
: S | TR =
© 'DIODE: VIRTUAL- :
a
B -
: =
; =
: =
5 u
=
D |
; &
B =
:
: =
] R
i: DUADEQ: MO D i

: el =

e

Hierarchy |Visb[« [+ | | P EEL4914C_PV_CTIR | |

EEL4914C_PV_CTLR: Simulating... Tran: 4937 s NER NEN |

+ National Instruments — MultiSim 10.1



w‘

Battery (Final Design)

* Only six devices will draw current and it’s unlikely that
they will operate simultaneously. A deep cycle battery
with a high cold cranking amp rating is not necessary

* The battery will be recharged by the PV array and
requires a charging current of at least 1A

* The Shorai LFX 18A1 motorcycle battery is a light weight
solution that provides necessary power requirements

Length 5.83” (inches)

Width 2.63”

Height 4.13”

2.311bs, 18Ah, 12v Lithium-Iron
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Enclosure Prototype
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Problems Encountered

# Soldering nano parts (0805 parts)
* Interpreting confusing Vendor documentation
* PCB design [ component footprint of board



Projected

Item

Prototype Bluetooth
Water Pump
Moisture Sensor
Temperature Sensor
Water Level Sensor
Prototype Solar
Solar Tracker

Solar Controller
Final Solar Panel
SMD Bluetooth
Final Battery

PH Sensor

PCB

LED Grow light

Total

Sponsored Amount

0
27.20
37-95

31.95
o

0
0

0
2990.98
43-99
105

42

$120
100
808.13
1881.43

Surplus

Actual

$45
$19.49
$37.95
$41.90
SFree!
$40.54
$96.32
$26.36
$131.91
$27.71
$200
$35.59

/02.77
1178.66
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Schedule

Spring 2014 Milestone Chart

start of semester
20 22 23 24 25 2627 28 29 30 31 32 33 M 35 36 AT

Activity
Initial Design (Proto/Final)

Create Final De=sign p/L
E stablish leadtime for Parts
Track Inventory (BOM )
=tatus BOM

Test Prototype
Redesign

Order Final Design Parts
Hardware build (Final design
Micro-control PCB Design
Software build final design
Test Final Design
Hedesign

Test

Redesign

P resentation
=D2 Document
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Division of Labor

Solar Array &

[v) 0, o)
Batteries U - 0

Application SW

o) o)
Development e S0

35% 25% 15%

Microcontroller
SW Development

Microcontroller
Development

Enclosure

. 25% 20%
Construction

Sensor

. 45% 20% 5%
Networking

Wireless
Networking

35% 35% 20%

Jason Devin Vince



Research

Design

Testing

Prototyping

Final design

Average
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Questions
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