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Objectives
∗ Portability 
∗ Renewable 
∗ Adaptable and Robust
∗ Sustainability 
∗ Serviceability 



Specifications
Description Number

Final Enclosure dimensions: 2.0’W x 1.0’D x 3.0’H

The enclosure assy. Weight (without 
electronics) 

<12lbs

1 Lith.-Iron 12V battery for the system. <6”L x 6”W x 6”H Weight <3 lbs.

Sensors within %10 Accuracy

Power cables oil resistant and rated for 
outdoor use.

12 AWG
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Microcontroller Comparison
Atmel Atmega328P TI

MSP430F5342
Microchip
PIC24H/E

Voltage Req. 1.8 – 5.5V 1.8V- 3.6V 3.0-3.6V

Architecture 8-bit RISCs 16-Bit RISC 16-Bit RISC

Memory 256KB Flash 128KB Flash
10 KB SRAM

536KB Flash 
48KB Data
(Harvard)

Power modes 6 sleep modes 6 Low power modes 4 operation modes

Communication USART, I2C 2 USCI Consisting of 
UART, IrDA, SPI, I2C
protocols

2 UART, 2 SPI, 2 I2C

I/O pins 14 GPIO
6 Analog in

38 GPIO
7 Analog in

85 GPIO
2 ADC units

Price $17.98 Free $1.83

Familiarity yes yes no



Central Microcontroller
∗ Texas Instrument’s (TI) 

MSP430F5342
∗ Optimized for portable 

measurement devices
∗ Data acquisition through 

digital I/O and SAR analog-
to-digital converter

∗ Compatible with 
Stonestreet One 
Bluetooth stack



Microcontroller Schematic



Microcontroller Software
∗ Main task is to manage and record data from sensors
∗ Manual control and Autonomous modes

∗ Overall, 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



Poll moisture
sensor

Soil VWC

Notification of 
inadequate 
condition

Poll pH sensorActivate irrigation 
system

Measure tank water 
level

Turn on water pumpWater level is 
acceptable

Notification of low 
water level

Dehydrated

Saturated

Damp

Yes

No

pH level Notification of too 
acidic soil

< 6.1

Notification of too 
basic soil

> 6.9

Begin
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The pH Meter 

∗ Ions 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



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:     

𝑉𝑉𝐴𝐴𝐴𝐴𝐴𝐴 = 4095[
𝑉𝑉𝑖𝑖𝑖𝑖 − 𝑉𝑉𝑟𝑟𝑟𝑟𝑟𝑟−

𝑉𝑉𝑟𝑟𝑟𝑟𝑟𝑟+ − 𝑉𝑉𝑟𝑟𝑟𝑟𝑟𝑟−
]



∗ 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

Grow Light



Grow Light
∗ Among the many options available for the Grow Light 

selection, High Intensity Discharge, Sodium Vapor and 
LED

∗ HID and Sodium Vapor provide a broad distribution angle 
and conducive absorption spectrum, however, they 
generate a great deal of heat and consume too much 
power for this application

∗ LED has its limitations but was selected based on price, 
minimal power consumption and minimal heat 
generation



∗ 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

Light Sensor

The TEPT 5700 photo-sensor 
provided the necessary sensitivity 
and response to the required grow 
spectrum



Temperature Sensor
∗ Vegetronix THERM200
∗ DC input and output
∗ Low power
∗ High range
∗ Linear relationship
∗ 2 second delay 
∗ 15 min delay for rapidly changing temperature

Range

Input Output Temp

3.3-20V 0-3V -40 to 185 oF

𝑇𝑇𝐹𝐹 = 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜 ∗ 75.006 − 40

𝑇𝑇𝐶𝐶 = 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜 ∗ 41.64 − 40



Moisture Sensor
∗ Vegetronix VH400
∗ Measures volumetric water content 

(VWC)
∗ DC input and output
∗ Low power
∗ 400 ms delay 

Range

Input Output

3.3-20V 0-3V

Limits

Output Logic limit

<1V Needs water

1<x<1.3 Damp

<1.3V Do not Water
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Irrigation System

Water level Sensor

∗ GEMS LS-3
∗ Single Point Level Switch
∗ Very low power

Water Pump

∗ Low power
∗ Submersible 
∗ 7V DC
∗ 7/16” tubing



Optocouplers

∗ Power switches
∗ Clear separation between power and digital input
∗ Prevents feedback from the output
∗ Used to turn on all active sensors, the Grow light and the 

Water pump. 



Block Diagram



Wireless Communication
∗ CC2540 Bluetooth module
∗ It supports BLE following 

Bluetooth v4.0
∗ Power req’s:
∗ Supply voltage: 1.7 V – 4.8 V
∗ Consumption: 40 mA max

∗ Range: 50-100 m



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, HTML5, and 
CSS3

∗ OSS through Apache 2.0 
License (Cordova)



User Interface
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Power System (Final Design)
∗ 12 VDC 18Amp Hour Lithium Iron Battery
∗ Solar / PV Array Rated at 30 watts
∗ PV Controller Unit
∗ 120 VAC - 12VDC voltage rectifier
∗ 12VDC – 7.5VDC and 12VDC - 3.3VDC voltage regulators
∗ UPS switching component for Battery power source or 

Commercial PWR source





Photovoltaic Array Configuration

∗ Tilt Angle is fixed
∗ Azimuth Angle – Variable
∗ Power input 9volts DC



Solar Energy
Irradiance Level

units = kWh/𝑚𝑚2/day



∗ 30Watt Solar Panel Array
∗ 12 volt Bipolar Stepper motor
∗ Ancillary Controller Unit
∗ Motor Driver Unit
∗ 3.00 in stabilization Sport 

Wheels
∗ LDR Sensor circuitry

Solar Tracker Assembly



Mechanical Design in AutoCAD

Dimensions in inches



∗ 17.3 volts @ 30 watts
∗ 1.77 Amps
∗ Dim – 26 in x 16 in x 1 in
∗ 8 lbs

Solar Panel / PV Element
Specifications
Poly Crystalline Cells



PV Element Description

∗ Two popular 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.



Ancillary MCU 

∗ Provides Stepper Motor Commands and LDR interface

∗ IDE 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. 

dim: 2.125 in x 2.625 in



Adafruit Motor Shield v2.0

∗ Interface between Ancillary 
MCU and Stepper Motor.

∗ Stackable board using header 
pins for easy integration.

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

dim: 2.125 in x 2.625 in



Stepper Motor vs Servo Motor

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

∗ The Stepper motor’s  application is 
for tracker’s azimuth angle control.

Stepper Motor Servo Motor

Number of poles 50 to 100 4 to 12

Position encoder req. No Yes

Torque at high speeds Low High

Price of Control System Lower Higher



Bipolar Stepper Motor Description

Dimensions: 1.67  in x 1.67 in x 1.57 in

∗ 1.8 degrees x 200steps = one revolution

∗ Maximum limit for pulse rate or step rate 
is typically 200 to 300 steps per second.



Commercial Power Rectifier Design
Bridge Rectifier

Vac

pri

T1 Vrect

C1

D1D2

D3 D4

Regulator

C2

Vripple Vrect

Vout

Vac sec

Vout = 12VDC



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.

∗ 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.

𝑉𝑉𝐴𝐴𝐴𝐴 = 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜+𝑉𝑉𝑟𝑟𝑟𝑟𝑟𝑟+𝑉𝑉𝑟𝑟𝑒𝑒𝑒𝑒𝑒𝑒+𝑉𝑉𝑟𝑟𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
0.9 2

[𝑉𝑉𝑛𝑛𝑛𝑛𝑛𝑛
𝑉𝑉𝑙𝑙𝑙𝑙𝑙𝑙

]





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.



PV Controller Simulation

∗ National Instruments – MultiSim 10.1



Battery and Charge Controller
∗ 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 Bioenno battery is a light weight solution that 
provides necessary power requirements  

Length 5.92” (inches)
Width   3.94”
Height  4.02”
3.15 lbs, 15Ah, 12v Lithium-Iron 



Central Schematic



Printed Circuit Board



Enclosure



Testing procedure
∗ Testing involved the sensors, power system and solar tracker. 

The  lighting and water system were also tested  

∗ The water pump and light were also verified to activate based 
on appropriate sensor readings

∗ The battery voltage was also measured before and after 
charging it with the solar array



Problems Encountered
∗ Soldering nano parts (0805 parts)
∗ Interpreting confusing Vendor documentation
∗ PCB design / component footprint of board
∗ Lead time for PCB components
∗ Foot print for Mini B USB receptacle
∗ Bluetooth communications



Budget Pt 1
Item Projected Actual

Prototype Bluetooth 0 $45

Water Pumps 27.20 $38.98

Moisture Sensor 37.95 $77.95

Temperature Sensor 31.95 $41.90

Water Level Sensors 0 $Free!

Prototype Solar 0 $40.54

Solar Tracker 0 $96.32

Solar Controller 0 $26.36

Final Solar Panel 299.98 $131.91

SMD Bluetooth 43.99 $27.71

Final Battery 105 $159.98

PH Sensor 42 $35.59

PCB and parts $120 123.55

LED Grow light 100 36.94

Total 808.13 $883.73



Budget Pt2
Item Projected Actual

Enclosure 248.99 $158.26

Apple License $100 $100

parts 0 $78.24

Charge Controller 0 $70.00

MSP430F5342 Free Free

Total pt 1 348.99 $406.5

Total pt 2 808.13 $883.73

Total 1157.12 $1290.23

Sponsored Amount 1881.43 Surplus 591.20



Schedule



Division of Labor

Application SW 
Development

Microcontroller 
SW Development

Enclosure 
Construction

Sensor 
Networking

Jason Devin Kelley Vince

75%Solar Array & 
Batteries

55%

45%

Microcontroller 
Development

Wireless 
Networking

35%

65%

45%

20% 15%

25% 20% 10%

35% 25% 25% 15%

25% 20%

30% 20%

10% 10% 5%

5%

35% 20% 10%



Questions
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