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ABSTRACT  —  Solar Power Monitoring System in general 

terms is used to monitor the output power out of any type of 

solar device. This accomplishes this task remotely by use of a 

few devices that allow it to do so. First a simple voltage 

dividing circuit will be used if in a string type setting. If used 

on singular panels or in the 20-60 Volt range for strings 

setups a Buck voltage converter will be used to stabilize the 

DC voltage for a battery charger. The battery charged will in 

turn power a low power microcontroller and sensor array 

that will send that data over WiFi 802.11b to a access point 

or a wirelss mess system to be access over the internet. 

Index Terms  —  Buck voltage convertor, WiFi, 802.11b, 
battery charger, Hall effect sensor, and microcontroller. 

 

I. INTRODUCTION 

Solar Arrays, a heated topic in the energy industry, have 

many applications as the price per watt has come to a more 

reasonable level. Power companies and residential homes 

have become increasingly more interested in installing 

photovoltaic arrays as a way to become more carbon 

neutral or “Green”. Though they have their advantages, 

they also have some short falls. As the technology is now 

becoming more affordable, the use of these has become 

more widespread; and with use the problems have become 

apparent. One of the major problems is knowing when a 

singular solar cell or photovoltaic cell has stopped 

functioning, which sometimes greatly affects the output of 

the array.  Monitoring each string of cells would be a great 

way to solve this problem. 

The main objective is to produce a solar power station 

that collects and stores energy for its own use and powers 

any microcontroller needed for monitoring, while still 

producing energy for distribution to the power grid. It will 

run autonomously but still have the infrastructure to be 

monitored and controlled remotely in real time, when 

necessary. A prototype of this nature would consist of one 

solar array and a least one microcontroller. We will 

employ a wireless protocol to monitor/control remotely 

any and all aspects of the devices.  As large arrays have 

hundreds of panels, a wired solution would be messy and 

time consuming. The uses for this device could be adapted 

for large and/or small arrays. Applications for data 

retrieval such as internet will be employed to display 

current and past data. 

This requires a two part solution, a small device to be 

attached to each solar panel string and a base station (a 

wireless access point with custom firmware) to receive 

communications from the small device(s).  

The requirements for the small device would be to: only 

use small amount of power from a singular string of solar 

panels, store enough power to power the device for a 

limited time if one of the panels fail, transmit data over 

802.11b to the base station, and be inexpensive and mass 

producible. These small devices would be placed on every 

solar panel string so that large array setups are inexpensive 

and mass producible.  

The base station would ideally be placed with the power 

management system for the array. The requirements for it 

would be: store enough energy to be monitor 24 hours a 

day (even when it is dark), have some kind of connection 

to a network (private network or the Internet), serve data 

in a form that can be viewed via any device with a web 

browser, receive data from the small devices and interpret 

it to meaningful data. It would need a more powerful 

wireless system as the small devices will not be able to 

transmit large distances. 

 

 
 

Fig 1. This is a typical solar installation where located 

near by is a power distribution system including but not 

limited to inverters converting DC voltage from Panels to 

AC for use in household or production to the power grid 

 

 

 



II. BASESTATION 

  

The basestation will consist of a consumer off the shelf 

wireless access point that will need to be custom fit to our 

needs. With this we carefully selected both the device 

physical requirements as well as the firmware that will 

need to be customized be able to accomplish tasks not 

normally thought feasible on a wireless router. 

A. Firmware 

We were presented with a choice of firmware available 

for consumer wireless access points. Customizable 

firmware is required as this device will not only be need 

for its wireless but we will also be utilizing the 

microcontroller onboard of that device to store and send 

data to the internet or private virtual network.  

TABLE I 

FIRMWARE SELECTION 

Firmware PROS CONS 

Tomato Standard 
package has a 
large number of 
packages 
preinstalled and 
Free 

Limited support 
for advanced 
features and 
limited number of 
devices 
supported 

DD-WRT Large number of 
devices 
supported, large 
open community 
support 

Both Free and 
Pay versions 

OpenWRT Large number of 
advanced 
packages are 
available 

Limited number 
of devices 
supported and 
Small amount of 
community 
activity 

 

Due to the large number of supported devices we have 

determined that we will be using DD-WRT for the third 

party firmware. The free version is available for all lower 

budget devices that can be customized for our needs. Some 

of the packages/device options that will be useful are: 

 

• Access to Wireless Transmit Power: useful for 

extending the ranges of our base station to 

accommodate lower transmit capability of the 

string device. 

• Access to software that will allow us to store data 

on the router. 

• Firmware based of Linux which allows for 

customization and custom code 

• Advanced remote access through a variety of 

means including  

o SSH 

o Web based portal (Http) 

o telnet 

• Wide selection of capable device will allow us to 

select a device based on  

o Cost 

o Hardware features 

o Wireless coverage area 

• Updates from community support that will allow 

for easily updateable options later in the devices 

future 

 

A web base portal is need to display data as well as give 

remote access to the user. We will be configuring the DD-

WRT firmware to allow outside connections—that is, 

outside of the local area network.  DD-WRT firmware is 

configured to permit such a web server. However its 

current setup is used for administrator based controls for 

the device, these will need to be moved to another port to 

allow for another http service to be attached to port 80 

(http or web access). This can be done from the terminal 

for the access point, via this code: 

 

killall httpd 

cd /www 

httpd -p 81 -h /www 

cd /jffs 

httpd -h /jffs 

/usr/sbin/iptables -I INPUT 1 -p tcp --dport 80 -j 

logaccept 

 

However before the data can be access it must be place 

onto the basestation by the solar string device. This could 

be done by any number of protocols, but for simplicity 

sake we choose to use telnet. The DD-WRT firmware 

supports the telnet protocol.  This protocol is very easy to 

emulate and implement.  Telnet is simply a pure text 

client/server connection on port 23.  This is the medium 

that the solar panel device will transmit the data. 

Files will be created on the router over telnet via the 

command “cat.”  This command will append contents to a 

file or create a new file with new contents.  This will be 

received from the string device every 30 seconds The base 

station will have to continually loop looking for new files 

or new contents to output to the web server.  The 

command issued to the router from the string device will 

be “cat >> filename.”  After issuing that command over 

telnet, the string device will then begin to transmit the 

file’s contents.  When it is done filling the file with the 

data, it will end the command by issuing the command 

Ctrl+D over telnet.  Below is a screen shot of what a 

terminal to the DD-WRT firmware looks like: 



 
Fig 2. DD-WRT command terminal emulator over telnet 

B. Hardware 

The hardware selection was equally as difficult for the 

basestation. The requirement was to have a consumer off 

the shelf router that would be capable of being flashed to a 

custom firmware previously discussed. The other points of 

selection are based on the needs of the scope of the 

project. This selection is depicted in the table below. 

TABLE 2 

DEVICE SELECTION 

Device 

Model # 

Specs Price Needed 

Features 

Asus 

WL520GU 

16MB Ram 

4MB Flash 

 

44.99 WAN LAN 

USB 

External 

Antenna 

Linksys 

WRT160N 

16MB Ram 

4MB Flash 

68.99 WAN LAN 

Linksys 

WRT54GL 

?MB Ram 

?MB Flash  

Depends on 

version 

54.99 WAN LAN  

External 

Antenna 

Linksys 

WRT610N 

64MB Ram 

8MB Flash 

139.99 WAN LAN 

USB 

 

The preceding table is based on the requirements of the 

specific components: antenna, storage and available ports. 

The end selection of the specific device is based on these 

requirements 

There will be a need to specify the antenna type for a 

few reasons. Most consumer wireless devices have no 

external antenna. They will have an array of small patch 

antenna that will cover a relatively small area. Patch 

antenna by design have a relatively low profile and are 

relatively directional, so most devices with patch antenna 

will have an array of these to cover a large area. For our 

needs using multiple antenna can get very costly 

considering we need to cover a large area. So for our 

device we will be looking for something with a large omni-

directional antenna that is external. A plus would be an 

antenna that is removable allowing for an upgrade to a 

higher sensitivity antenna. 

Most devices come with an antenna that is adequate for 

home use (3 or 4 dBi). We need an antenna that can cover 

a large broad area with increased sensitivity due to the 

weaker power/sensitivity of the string device. There are 

commercially omni-directional antennas that can have a 

9dBi gain with a mount and cable with common 

connectors for most routers with removable antenna. This 

will allow us to put our antenna outside of the utility house 

to allow an unhindered line of sight to the string device 

with a maximum range that is far superior to a standard 

consumer device. Because of that our over all options are 

limited to 2 devices the Asus WL520GU and the Linksys 

WRT54GL.  

The device will also require some type of storage that 

will allow for a substantial amount of data. Unfortunately 

most devices are limited to the RAM as there active data 

storage. As we will have more data than the RAM of each 

device is capable of storing than it becomes impractical to 

use the RAM as storage. The other issue is, because of the 

nature of RAM once power is lost the data is effectively 

erased from the device. In order to effectively store that 

data we need a DD-WRT device that is capable of USB 

storage methods as depicted in the picture below. 

 

 
 

Fig 3 DD-WRT capable device with USB support for extermal 

storage. 



This means that our selection is down to just the Asus 

WL520 GU as our device. This device has the both the 

capabitily to have DD-WRT, usb storage, as well as a port 

capable of using an external antenna. 

 
Fig 4. Asus WL-520 GU device and demensions 

III. STRING DEVICE 

The string device will consist components put together 

to form the one cohesive device. These components are a 

microcontroller called the pic24FJ128GA010. This is the 

central point of the device every other component hooks 

into this component. 

The power source will be composed of a few separate 

units. Depending on the type of setting this device will be 

deployed in it will start with a simple voltage divider as 

this device will not be drawing more than 1 amp the 

concern of loss in efficiency is not a concern. After this 

stage a device called a Buck voltage regulator will be used 

to stabilize a other wise unstable voltage. This will be the 

input for a battery charger that will be used by board for 

the pic24 microcontroller. 

The most important component of this device is the 

sensor as this will be detecting the current and voltage and 

the resulting power of the solar panels/ strings. 

A. Microcontroller 

The microcontroller receives the data sent by the current 

and voltage sensors, converts these signals from Analog to 

Digital then transmits them using the ZeroG wireless 

module.  The PIC24 calculates the voltage by using a very 

accurate 1% resistor.  Since the resistance and current is 

known, the voltage is calculated using Ohms law.  The 

microcontroller then parses this data then transmits the 

data via the ZeroG wireless module.  The Explorer 16 

development tool kit was used for the prototyping efforts 

of this project, with the pic24 being the microcontroller of 

choice.  All programming was done in C.   

 

The Explorer 16 development board was selected largely 

due to its robust peripheral pin selection, the following a is 

a listing of the pins used for the Solar Device[1]: 
 

• Allows independent I/O mapping of many 

peripherals 

• Continuous hardware integrity checking and 

safety 

• Provides clock, calendar and alarm functions 

• Programmable Cyclic Redundancy Check (CRC) 

• Two 3-Wire/4-Wire SPI modules  

• 7-Bit/10-Bit Addressing 

• On-chip hardware encoder/decoder  

•  Wide operating temperature range of -25° to 

+70°C  

 
Fig 5. Explorer 16 board 
 

The wireless component for the string device is the 

ZeroG Wireless ZG2100M module.  It is described above 

in the research section.  The module will be controlled and 

interfaced with a PIC-microcontroller-based development 

kit from Microchip Direct.  The part number is AC164136 

– ZeroG 802.11 Development Kit for Explorer 16.  The 

description of the development kit is described by the 

manufacture as: “The ZeroG 802.11 Development Kit for 

Explorer 16 demonstrates 802.11 connectivity via the 

ZeroG ZG2100M PICtail board for the PIC-

microcontroller-based Explorer 16 Development Board. 

This kit includes a wireless router, a ZeroG PICtail Board, 

and a pre-programmed PIM with Microchips free TCP/IP 

stack and radio driver. The development kit provides 

everything the user needs to begin development of an 

802.11 network. Explorer 16 development board and 

power supply not included. www.zerogwireless.com. Also 

note that the router is only for 110V operation.”  Below is 

a picture of what is included in the development kit: 

 



 
Fig 6. The development kit includes a testing AP as well as 

PIC24  plug in module as well as the ZeroG 802.11 

 

The specifics of the ZeroG Wireless Chipset has the properties 

that we need are as follows. ZeroG Wireless 

(http://www.zerogwireless.com) has a product that meets 

the requirements of our project.  They have a subset of 

chips called the ZG2100 class, which is available in two 

forms.  One chip, the ZG2100M, contains an on-board 

PCB antenna.  The second chip, the ZG2101M, is used 

with an external antenna for extended range.  Depending 

on the base station’s wireless range, an external antenna 

may or may not be needed.  Below are brief specifications 

for the two chips, as advertised by ZeroG Wireless. 

 

• Wireless Standard: IEEE 802.11b 

• Data Rate: 1 & 2 Mbps 

• Wireless Security: WEP, WPA-Personal, 

WPA2-Personal 

• Host Interface: SPI 

• Supply Voltage: 2.7V – 3.6V 

• Operating Temperature: 0 – 70 Degrees 

Celsius 

• Module Dimensions: 21mm x 31 mm x 3.7 

mm 

• Certifications and Compliance: FCC, IC, 

ETSI, Japan, Wi-Fi, CE, RoHS 

 

 

Fig 7.  Block diagram of the functional parts of the ZeroG 

chipset. 

B.Power Systems 

The key to the research for this device has been 

surrounded by the fact that we have a large DC voltage 

coming in from the solar panel string. The voltage range 

from 40-480 volts is a very large voltage range to deal 

with. The first part is to find a way to detect that voltage 

and current to accurately transmit this data, after all that is 

the whole intent of this project. The second part will be to 

turn that voltage range into a constant voltage for the 

purpose of storing that voltage in a battery. 

 
 
Fig 8. Power resistor/ Shunt resistor with high accuracy. 

 

The purpose of this resistor is to put them into a voltage 

dividing arrangement to take a bulk of the higher range 

voltage and drop it by a factor of ten. As the maximum 

buck converter range is limited to 60 volts. This is very 

accomplished with high accuracy and high wattage 

resistors. For the prototype of this project as we are limited 

to using 2 individual solar panels this will not be 

necessary, but will be included as proof of concept. 

The synchronous buck voltage converter. Designing 

wide range variable power supply using linear regulator is 

easy, but suffer terrible efficiency when it should regulate 

60 Volt constant source  down to 5 Volt or lower, the 

efficiency would be 5/60 or 8.33% at maximum effort, 

really bad. Using switching technology, the efficiency can 

be kept around 70% , and can be higher for the lower 

input-output voltage difference . We use this very simple 

switcher based on LM2575 integrated circuit, gives you a 

simple but effective design: 

 

 
Fig 9. This shows the voltage input range of the 

LM2575HV adjustable output buck convertor. 

 

There are a few applications that are used to convert DC 

to different DC voltages. Shunt Regulators are constructed 



from a type of diode and series resistors. This type of 

devices has several drawbacks. They provide no constant 

voltage output, as they act as a voltage divider using ohms 

law to lower the voltage. This means that the input voltage 

proportional to the output voltage. It also requires that we 

know the exact resistance of the load which we do not 

know. The main problem is efficiency as resistors dissipate 

most of that power as heat. 

The next option for DC to DC conversion is linear 

regulators. These devices are centered around the use of 

transistors to create a clean stable power output. They can 

be found as integrated circuits which is helpful to this 

application. As before with the shunt regulator, this device 

is also using resistance in series with the load which can 

decrease efficiency. Also the ability of these devices to 

have clean power is not necessary to charge a battery. If 

we were powering an analog device directly it might be 

necessary because dirty DC power could affect the results. 

These devices can also be only found for low voltage 

applications, which rule them out completely because we 

need to regulate a relatively high DC voltage. 

This leaves only one more DC to DC converter. 

Switching regulators work similar to how a linear regulator 

functions. For one exception, the principle of how they  

function is in its name it uses a transistor to switch on 

and off a series element. This stabilizes the voltage by 

charging an inductor or capacitor bank, switches the input 

off, discharges the inductors or capacitors and the cycle 

starts over again. This creates less power loss than the first 

two applications because they are not always putting 

elements in series as they are switching on and off. The 

most important part as to why this is a good choice for our 

devices is that is extensible for voltage ranges closer to 

what is required. Like linear regulators the operational 

device of switching regulators is contained in an integrated 

circuit. But they have external elements that are required 

that can be quite large as large value inductors and 

capacitors are needed to charged by the input. Also they 

have one other advantage to linear regulators, they are 

capable of raising a lower input voltage to a higher 

regulated voltage, which for our application is useful 

because we only have a limited time to charge our battery 

due to the nature of solar power.  

The battery charger consists of an adjustable linear 

regulator to allow for calibration of the output voltage of 

the charger it self as well as a diode chain to allow voltage 

and current limiting. This allows the charger to stop 

charging the battery when the voltage gets to a certain 

threshold. 
 



Fig 10. This circuit diagram below shows a schematic of battery 

charger 

C. Sensors 

The voltage and current sensing can be done in a few 

ways. In the power industry, they use devices that step 

down the voltage to measurable ranges. They use 

transformers to step down voltages to detect them in 

ranges that are safer and more manageable to measure. 

Our nation’s power grid is AC power; because of this the 

transformers cannot be used for our application. So in 

order to detect the voltages we need to construct a voltage 

dividing circuit for an integrated device to detect the range 

necessary for this application. In conjunction with a shunt 

resistor a device that can measure voltage across that 

resistor will tell us all we need to know about the power 

profile of the solar string. 

Hall Effect sensors use the surrounding magnetic field 

associated with flowing current to send the correct data. 

The device that we have selected for use is the LEM FHS 

40-P/SP600. This device detects from 0 to 100 Amps. It 

will require a placement on the Bus bar of the string 

junction box, as indicated in the figure bellow. It will also 

have the option depending on the layout of the junction 

box to be mounted near a wire and be able to detect the 

current as well, as depicted in the figures bellow, 

depending on how the sensor is mounted. 

 

 
 
Fig 11. Shows that hall effect sensor has no direct contact with 

the wire / busbar carrying the current that we are measuring. 

 

 

The devices sensitivity is a function of the distance away 

from the conducting material. The only down side to using 

a device such as the LEM FHS 40-P/SP600 is the 

variability of the sensitivity depending on the distance 

from the conductor carrying the current we want to 

measure as depicted in the graph below. We have 

determined that the distances and level of sensitivity at 

those distances will be expectable for this application. 

 

 

 
 

Fig 12. this show the relation between sensitivity and distance in 

mm away from the conducting material.  

IV. COMPONENT INTERFACE 

All the devices previously listed into a cohesive device 

and perform as a single mission. This mission is to collect 

data on the output of the solar device and send that to the 

internet. It does this by collecting energy for a wireless 

device by charging a battery. This powers a 

microcontroller and a sensor that collects that data and 

sends it to the basestation and that basestation will either 

display that data or send to the Internet. 



Fig 13. Base station devices and web interface 

 
Fig 14 String device and continuation of previous figure. 

VII. CONCLUSION 

Senior Design takes two-semester to complete, in that time 

our grouped learned how to meet objectives, work towards 

requirements, write professional and concise papers 

ranging from short essays to detailed Critical Design 

Reviews.  It has been a priceless learning experience that 

has no equal within the undergraduate program and has 

made all group members better, more confident engineers.  
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