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ABSTRACT 

 

This project has delegated to our Senior Design Team of Florida State University’s 

Mechanical Engineering Program by Siemens Energy in order to investigate a more effective, 

simplified preventative maintenance technique incorporating the use of Infrared Technology. 

Siemens has expressed their interest in a conceptual design of a Wireless Infrared Monitoring 

System that will monitor fossil fuel power plant equipment for potential problematic operation. 

They wish for this designed system to ultimately reduce costs through replacement of existing 

thermocouples used for temperature monitoring as preventative maintenance. A conceptualized 

system has been designed and consists of three major subsystems: the Monitoring System, the 

Power System, and the Mounting System.  The Monitoring System is comprised of the infrared 

camera, pan tilt module, microcomputer and wireless adapter. The infrared camera will survey 

preselected targets thoroughly, precisely, and without interfering with the equipment. The pan tilt 

module will control the camera’s position allowing it to target a wide range of equipment thus 

reducing the need for numerous systems. The microcomputer will control the camera and pan-tilt 

module as well as filter and package the infrared data to be sent wirelessly via an adapter to the 

control room. The Power System will consist of an accurately sized solar panel, charge 

controller, battery, and inverter to properly power the system throughout the systems lifetime 

making it self-sustaining. Finally, the Mounting Structure will consist of a pole, weather 

enclosure, supports, and fasteners necessary to house, secure, and protect all the monitoring and 

power components from the elements.  Each of these three major subsystems and subsequent 

components must be integrated correctly for each of their respective functions to contribute to 

the final success of the system. This report will detail the product specification, assembly, and 

operation of the system [1]. 
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I. INTRODUCTION 

Currently, most power plants use a large network of thermocouples and local vibration 

monitoring devices to capture temperature and vibrational data of operating equipment. The 

thermocouples only measure a small local area. Therefore, a vast number of thermocouples must 

be individually tapped at very particular locations that need to be monitored. Thus, there must be 

thermo-wells drilled through any protective casing or piece of equipment that necessitates 

temperature readings. The thermocouples are then wired to a local junction box, and then 

through underground conduit all the way back to the control room. The temperature and 

vibrational data is used to determine pre-explosive or pre-failure conditions indicative of 

maintenance. This is called preventative maintenance and is critical in power plants lifetimes 

after about 10 years. All of these individual systems are invasive, costly, and complicated to 

implement and beckons for consolidation, simplification, and improvement.  

Siemens, as an energy service provider, is interested in investigating a more simplified 

and effective preventative maintenance technique. Specifically, they are interested in exploring 

the use of infrared technology. Infrared cameras can be utilized to monitor the temperature of 

operating equipment, enabling it to diagnose potential problems long before other traditional 

systems. The cameras are also noninvasive and do not require equipment interference.  

Siemens Energy has initiated this project to explore incorporating this technology in a 

conceptual design of a Wireless Monitoring System to improve their preventative maintenance 

service. This project has been delegated to our team to find a plausible system solution to the 

following goal statement and four objectives. [2]
 

 

“Design a proposed complete system that can monitor a wide range of equipment for 

problematic operation.
”
  

 

1. Decrease equipment interference on operating systems. 

2. Create cost savings through the elimination of need for numerous existing systems. 

3. Decrease manual work needed for preventative maintenance. 

4. Design a stand-alone system that does not consume any plant power. 

 

The following tables, Table 1 and 2, captures the design constraints of this project set forth by 

Siemens. [2]
 

 
Table 1. System Constraints. 

Subject Descriptor Constraint 

Location Exclusively Fossil Fuel Power Plants 

Lifetime At least 30 years 

Monitoring Type Thermal Imaging, up to 300°C 

Power Source Solar Harvesting 

Battery Storage At least 3 days 

Communication Wireless 300m 

Communication Protocol HART  

Compliance Code NERC, IBC2006 

Weatherproofing Rating IP55 

Movement Range 360° in horizontal, 90° in vertical 
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System Cost Maximum $20,000 

Prototyping Budget Maximum $3,000 
 

Table 2. IBC2006 Code. 

 

 

 

 

 

 
 

The testing site that this product will be implemented on is a 2x1 combined cycle power 

plant called Richard J. Midulla. It is owned by Seminole Electric and provides about 810 MW 

to Hardee County, Florida. [3] The plant is almost 15 years old and at the height of its 

maintenance period. Below in Figure 1 is a top view layout of the site. The red boxed targets 

are the equipment and regions of interest for our designed monitoring system.  

  

 
Figure 1. Implementation Site and Targets. 

 

Seismic Loading 

Occupancy Category III 

Site Class D 

Ss = 0.41g, S1 = 0.19g 

Wind Loading 
V3s = 100 mph 

Exposure C 

Rainfall 5”/hr for 1 hr in a day 

Ambient 0-110°F 
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II. FUNCTIONAL ANALYSIS 

In order to accomplish our goal statement, it was conceptualized that our system’s 

function could be classified into three main subsystems: the Monitoring System, the Power 

System, and the Mounting System. Under these three subsystems; components were selected in 

order to accomplish the subsystem overall function along with the specific objectives given. A 

block diagram of our sub-systems and their respective components can be seen in Figure 2 

below. The following is a breakdown of each subsystem, its components, and their functions. 

 

 

 
Figure 2. Sub-system Functional Diagram. 

 

A. MONITORING SYSTEM 

The monitoring system will consist of the infrared camera, the pan tilt module, the 

microcomputer, and the wireless transmitter. An infrared camera was chosen for its 

ability to monitor the temperature of targets without interfering with their operation and 

reliability. The pan tilt module will rotationally position the camera, enabling it to 

monitor multiple pieces of equipment. This will decreases the number of systems needed 

to monitor the entire plant. The microcomputer and wireless communication module will 

package, analyze, and transmit the infrared data to the control room decreasing the 

amount of manual labor a wired network necessitates. All of these features will create 

overall cost savings, if successful. In order for this to happen successfully, these sub 

system components must be chosen and interfaced properly. 

The infrared camera chosen for this project must be durable, low weight, efficient, 

and have good image and data resolution. The infrared camera should also have a 

minimum power consumption in order to reduce total system power consumption. In 
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order to properly monitor the targets previously discussed in the Introduction; the camera 

must detect temperatures up to 572°F (300°C) with an accuracy of ±5%.  

The pan/tilt module should operate in an auto scan mode that will cycle through 

fixed positions chosen by the operator while not consuming too much power. It should 

have the ability to have a continuous pan of 360° and have 90° of tilt motion. The pan tilt 

module should employ binary communications for dynamic applications to provide high 

bandwidth control. The motors of this module will need to be powered and controlled 

through the integration of a microcomputer through a RS 232, 422, or 485 serial or 

Ethernet connection [7]. 

The wireless system will be used to communicate between the microcomputer and 

the control room via a Wireless Local Access Network using Wi-Fi technology. To 

facilitate wireless communication for the monitoring system a few components will be 

needed: a router to create the wireless local access network (WLAN), an access point to 

access the WLAN from the microcomputer, and a directional antenna/bridge to boost the 

range of the wireless network in order for the field systems (clients) to be communicate 

with the control room (host).  The router and antenna will be located in the control room 

for simplification and will not be considered as part of the system cost as they already 

exist in most control rooms. The wireless adapter will allow for a Telnet connection to be 

used to gain direct access to the infrared camera to control its functions to capture and 

save images of the targets. 

The microcomputer acts as the onboard computer, executing programs and 

functions, and processing data. It is the “brains” of the operation. The microcomputer will 

have to seamlessly interface with the camera, pan-tilt, and wireless module or else the 

sub-system, as a whole, will not function. The microcomputer must also have a fast 

enough processor and storage space to support the necessary programs to compile the 

code i.e., Windows 7, CodeBlocks, API’s, protocols, SDK’s etc. [8]. 

These four components will be timed and executed in the following sequence. 

First the pan-tilt will move to the initial position specified by the operator, and then wait 

5 seconds. During these five seconds, the camera will be prompted to focus, take a 

picture, and save the radiometric image. Two File Transfer Protocols will then be used to 

first save the image from the camera to the microcomputer and then to send it to the 

‘control room’ for display and analysis. 

 

B. POWER SYSTEM 

The power system will consist of the solar panel, charger controller, battery, and 

appropriate inverter/converter. These components will work together to harvest, store, 

and transmit power to the monitoring system making it self-sustaining, the last of our 

four objectives. The solar panel must be sized appropriately to produce the necessary 

power to the batteries to meet system load. The solar panel will be mounted at a tilt equal 

to the local latitude facing South and be protected by particle resistant tempered glass to 

reduce maintenance and panel degradation. Ideally, the solar panel should have a high 

power output warranty guaranteed by the vendor. This will ensure that the panel’s 

efficiency will not degrade too much over the lifetime, although it is understood that 

some degradation is inevitable.  

 The batteries must be able to store and deliver enough to power the system 

during times of low solar insolation. Most batteries have very short lifetimes of about 3-5 
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years. This lifetime can be augmented however by a proper power management system 

consisting of a charge controller and an inverter. Also lifetime can be improved by never 

over-discharging the batteries. Deep Cycle AGM Lead Acid batteries are designed for a 

low depth of discharge and are ideal for our system application [10]. The size of the 

battery, while being constrained by the system load, must not be too excessive because it 

will be the heaviest component on our system. This will restrict their placement on the 

mount and to properly charge and discharge the battery according to the available solar 

power and load demand. Maximum Power Point Tracking Charge Controllers are the 

most efficient because they optimize the match between the solar panel output and 

battery bank by converting the solar panel voltage to maximize the charging current to 

the battery. 

The power system sizing, selection, and design couldn’t be completed until the 

selection of all the monitoring system was finalized and the total electric load was 

known. However, it is known that the solar panel, charge controller, and battery bank 

voltage must match. The charge controller’s maximum current and voltage also must be 

higher than both the solar panel and batteries maximum. This will prevent the charge 

controller from being burnt out [11]. Finally, an inverter will be necessary if any 

electronic devices necessitate AC power as batteries and solar panels output DC. The 

inverter must also be oversized in order to compensate for the conversion losses and 

startup power demands [12]. 

 

C. MOUNTING SYSTEM 

The purpose of the mounting system is to support, centralize, and protect the other 

key components while allowing them to perform as best as possible. Thus, the mounting 

structure is broken into 4 components; the enclosure mounting, solar panel mounting, pan 

tilt mounting, and a centralized pole or mounting structure. These four components allow 

for rigidity as well as modularity. That is, each subsystem can be reliably secured to the 

pole and can also be removed and placed in different “stacking orders” and orientations. 

The standard mounting order from top to bottom should be solar, pan tilt, and then the 

enclosure. Making the mounting system modular allows for optimization of individual 

system performance. Modularity also allows the components of this system to be 

removed and mounted elsewhere in the facility. To further ensure universality of the 

mounting structures, a single set of hardware components will be used on almost all of 

the mounting systems. 

III. PRODUCT SPECIFICATION 

The following are the final selected components for each subsystem. Their design 

specifications can be found in the respective datasheets in Appendix 1. 

 

A. MONITORING SYSTEM COMPONENT SELECTION 

FLIR A310f was selected as the Infrared Camera. It was rated the highest in the 

decision matrix at 6.8 due to its all-around performance specifications in power 

consumption, weather-proofing, and temperature readings. It is the most expensive option 

selected but gives an accurate temperature reading of (± 2%) with a measurement 

temperature range of (32°F to 662°F) which exceeds our temperature constraint.  
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Figure 3. FLIR A310f Infrared Camera. 

 

The FLIR camera was also selected due the available open source protocols, vast 

amounts of product support and thermography analytics software. FLIR cameras also 

come with a wide array of exchangeable lenses based upon the desired field of view 

(FOV). This was another large advantage of selecting a FLIR camera because multiple 

lenses could be ordered and utilized on different systems depending on the targets being 

monitored. For standardization, a 25° lens is recommended.  

The Pan Tilt Module selected for this design is the YP-3040 by Axis 

Communications. It is designed as an optional accessory for Axis fixed network cameras 

with pan-tilt support. Even though it is preconfigured for several Axis fixed network 

cameras it uses the common Pelco-D protocol which can interface with the FLIR A310f 

[6]. The YP3040 is said to be ideal for an inexpensive solution when fine adjustments to 

a cameras field of view are needed. [4] It can pan 355° and tilt 90°. The Axis YP3040 

also recommend several accessories, two of which we will be utilizing; the PS24 Mains 

Adapter and Mount. The Adapter will be used to step 120VAC down the 24VAC to 

power the camera. This adapter was chosen in order to protect and power the pan-tilt 

appropriately. The support arm will support and attach the pan tilt module to the pole 

securely.  

 

 
Figure 4. Axis YP3040 Pan Tilt Module, PS24 Mains Adapter, and Arm Support. 

 

The Tiger VersaLogic (Figure 5a) best matched the caliber of the rest of the 

monitoring system components and was the ultimate selection for the microcomputer. 

The Tiger takes advantage of Intel's Atom Z5xx (Menlow XL) processor, which was 

designed specifically for embedded applications. Based upon Intel's 45 nm hi-k Metal 

Gate Silicon technology, the Z5xx series Atom chip offers high performance, industrial 
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temperature operation and radically reduced power requirements. The camera will be able 

to connect to the standard on-board gigabit Ethernet port with network boot capability. 

The Tiger is compatible with a variety of popular 64 bit operating systems, including 

Windows, Windows Embedded, and Linux. Video features include advanced 3D 

graphics, high-definition video, integrated LVDS, and optional analog VGA support. A 

N600 Netgear Wireless adapter was selected as to give the microcomputer wireless 

access to transmit the infrared data. This adapter is pictured below in Figure 5c with the 

Microcomputer and Breakout board. [8] 

 

 

   
Figure 5. (a) Tiger Versalogic, (b) I/O Paddleboard, (c) and N600 Wireless Adapter. 

 

B. POWER SYSTEM COMPONENT SELECTION 

Based upon the power consumption of the previously listed electronics, a Renogy 

150W Monocrystalline Panel was selected as our solar panel. [9] A single AJC 12V 100 

Ah battery was chosen for the battery storage in lieu of 2 55A for circuit simplification. 

[10] The charge controller selected for this design is a 20A EcoWorthy MPPT Solar 

Charge Controller. It uses the common 3-stage Pulse Width Modulation charge algorithm 

and Maximum Power Point Tracking to efficiently charge the battery without cutting the 

solar panel’s power production. It also has an LCD Display that shows the charging 

power and output status. This is a very functional feature when needing to know the 

status of the battery. [11] The selected solar panel, battery, and charge controller can be 

seen in Figure 6. 

 

 
Figure 6.  (a) Renogy Panel, (b) 100Ah AJC Battery, and (c) EcoWorthy MPPT Controller. 

 

Performance & Use

†

N600 WiFi Dual Band USB Adapter  

Overview

The NETGEAR N600 Wireless Dual Band USB Adapter wirelessly connects your notebook or desktop computer to a Wireless- N network 

for applications, such as HD video streaming, online gaming, a secure and reliable connection to the Internet. NETGEAR genie® is included 

for easy installation. WiFi dual band technology avoids interference for reliable connections. With the NETGEAR Push 'N' Connect feature, 

enjoy a secured wireless Internet connection, at the push of a button.

The NETGEAR Dif erence -  WNDA3100

® genie®

STEP 1

Install CD and push the but t on 
on the adapt er

STEP 2

Push the Push ‘N’ Connect  
but ton on the router

STEP 3

Secure wireless connect ion 

A secured connect ion at  the push of  a but t on1

PUSH ‘N’ CONNECT—WPS

1 Works with devices supporting Wi-Fi Protected Setup® (WPS).
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An inverter is needed to convert the DC power supplied by the panel to AC power 

required by the pan tilt module and microcomputer power supply. A Samlex 150 W 

inverter was chosen and can be seen in Figure 7. An inverter of this size will also accept 

the full output power of the panel if necessary as well as be able to deliver enough power 

for startup and power modes. The inverter will invert 12VDC to 120VAC for the Axis 

Mains Adapter and POE Splitter to power the pan-tilt and camera respectively. [12] 

 

 
Figure 7. Samlex 150 W Inverter. 

 

C. MOUNTING SYSTEM COMPONENT SELECTION 

The mounting system was selected based upon our sponsors suggestions and 

industry standards. The full analyses of these selections performance can be seen in the 

Final Design section. A 6ft, 0.188” thick, 2” O.D carbon steel pole was selected to use as 

the centralized mounting structure. The weather enclosure selected for this project is the 

L-COM vented weatherproof NEMA 3R Enclosure, part number NB181608-00V. This 

enclosure has the internal dimensions of 17.7x15.7x10” which allows the inverter, 

battery, charge controller, and microcomputer to fit comfortably. The enclosure also has a 

½” conduit connector to allow for the necessary connections to be made with the other 

external components without compromising the provided protection. A mounting plate is 

also provided to allow for easy mounting of components that require routine check-ups 

and easier access. The fasteners were selected so that a single set could be used on the 

majority of the mounting system components. For general fastening and assembly of 

mounting components, a 5/16-18, 1”, stainless steel cap screw was selected. There was 

also matching zinc-aluminum coated steel hex nuts and zinc plated washers. Stainless 

steel U-bolts were selected to attach necessary component assemblies to a centralized 

mounting pole discussed in the next section of this report. Lastly, zinc plated strut clamps 

were selected for components that use strut channels. To build each of the components 

used in the mounting system, two types of stock were selected. The first of which is the 

90 degree track which has perforated holes to allow for modification of the solar 

mounting system. The strut channel is used for mounting the enclosure to the mounting 

pole and functions similarly to the 90 track with the exception of added strength and a 

channel design to slide mounting components on and off. [15] 

 

D. FINAL DESIGN 

Below is a diagram of our final system setup incorporating the selected 

components above. The components in red comprise the power system, which consists of 
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the Renogy 150W Monocrystalline Solar Panel hooked up to the EcoWorthy 20A MPPT 

Charge Controller. The 100AH 12V AJC Lead Acid AGM Battery is connected in 

parallel to the charge controller. The wires leaving the charge controller run to the 

electric loads (POE Splitter and Inverter at 12VDC). The POE Splitter splits the POE of 

the A310f Infrared Camera into 12VDC power from the charge controller and an 

Ethernet connection to the microcomputer. The 150W Samlex Inverter is also hooked up 

to the load line converting 12VDC to 120VAC. The inverter powers both the Mains 

Adapter and the microcomputer power supply. The Axis Mains Adapter steps the voltage 

down form 120VAC to 24AC to appropriately power the Axis Communications YP3040 

Pan Tilt upon which the camera is secured. The Microcomputer Power supply steps down 

the 120VAC to 5VAC to power the Versalogic Tiger Microcomputer and wireless 

dongle. The dotted grey line represents the weather enclosure and everything that will be 

housed inside. All specifications and dimensions for the recommended design 

components can be found in Appendix 1. A complete Bill of Materials can be found in 

Appendix 3. 

 

 
Figure 8. Final System Diagram. 

 

The final model of our system design and recommended setup can be seen in 

Figures 8 and 9. This entails the solar panel being at the top of the pole with the pan tilt 

arm being located in the upper half and the weather enclosure being located towards the 

bottom for accessibility. Please refer to Appendix 4 for exploded views, subassemblies, 

and dimensioned part drawings.  
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Figure 9. Final Design Model and Exploded View. 

 

IV. ASSEMBLY 

Please refer to Installation Manuals for individual component setup. [14-19] Please then 

refer to Appendix 4 for assembly drawings. Please also refer to design for Manufacturing Report 

[20] for detailed assembly instructions. An exploded view of our system model can be seen 

below in Figure 10, below is the main components and subassemblies. 

1. Solar Panel 

2. Solar Mount 

3. Infrared Camera 

4. Pan-Tilt Module 

5. Pan Tilt Arm 

6. Mains Adapter 

7. Pole 

8. Electronics Enclosure 
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Figure 10. System Exploded View. 

 

V. OPERATIONS MANUAL 

The following operation steps are to be performed after the complete system has been assembled. 

[20] They govern the initializing of the monitoring system’s autonomous operation. Batch file X 

will be used to establish Telnet connection with camera, and execute camera image capturing 

and saving to memory automatically. Batch File Y will set up FTP Connection #1 (camera to 

microcomputer) using WinSCP program in order to then transfer image file to microcomputer 

through a script. Batch File Z will establish FTP Connection #2 between Microcomputer (host) 

and Control Room (client) to transfer images to saved folder on Control Room computer. Batch 

File J will then grab files from Control Room Master Folder, time stamps them, saves them in an 

archive folder, and then opens them in ThermoCam Research PR0 2 for analysis. All these batch 

files will be executed in sync by Batch File A. The only step needed for operation after 

initializing is to execute Batch File A. All the software programming can be found in Appendix 

5. Please refer to Installation Manuals for troubleshooting of individual components. The 

following steps are the initializing steps that need to be performed in order to set the monitoring 

system on its autonomous operation. Figure 11 shows what will be displayed in the Control 

Room GUI for analysis. 

 

1. Initialize FTP Server with camera using ITS Manager.  

2. Ensure correct IP Addresses of Camera are bound to the server. 
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3. Initialize FTP Server between Microcomputer (server) and Control Room computer 

(client).  

4. Execute Batch File A. 

5. Ensure images are being opened in ThermoCam application on ‘Control Room’ computer. 

See Figure 11. 

 

 
Figure 11. Infrared Image displayed in Control Room GUI. 

 

A. REGULAR MAINTENANCE 

The lead acid battery needs to be replaced approximately every 6 years according 

to our simulation. When this is to occur, the system needs to be completely powered 

down. The solar panel should be wiped with a clean cloth every month to prevent 

particulate build up and optimal results. This does not require system shut down. The 

mounting system should be checked for loose bolts, as well as damage or water induction 
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after major storms. Please refer to Installation Manuals for individual component 

maintenance. 

 

VI. CONCLUSION 

In conclusion, the monitoring system, power system, and mounting system components 

were selected to complete the objectives set forth by Siemens. The completed system will be able 

to monitor a wide range of equipment for problematic operation. Furthermore, the operation of 

this system should be simple and virtually automated with the exception of necessary routine 

maintenance. See Design for Manufacturing, Reliability, and Economics Report for more design 

details.  
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APPENDIX 1: COMPONENT SPECIFICATION DATASHEETS 

A. INFRARED CAMERA 
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B. PAN-TILT MODULE 
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C. MICROCOMPUTER  
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D. WIRELESS COMMUNICATION  

  

Performance & Use

†

N600 WiFi Dual Band USB Adapter  

Overview

The NETGEAR N600 Wireless Dual Band USB Adapter wirelessly connects your notebook or desktop computer to a Wireless- N network 

for applications, such as HD video streaming, online gaming, a secure and reliable connection to the Internet. NETGEAR genie® is included 

for easy installation. WiFi dual band technology avoids interference for reliable connections. With the NETGEAR Push 'N' Connect feature, 

enjoy a secured wireless Internet connection, at the push of a button.

The NETGEAR Dif erence -  WNDA3100

® genie®

STEP 1

Install CD and push the but t on 
on the adapt er

STEP 2

Push the Push ‘N’ Connect  
but ton on the router

STEP 3

Secure wireless connect ion 

A secured connect ion at  the push of  a but t on1

PUSH ‘N’ CONNECT—WPS

1 Works with devices supporting Wi-Fi Protected Setup® (WPS).
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E. MPPT CHARGE CONTROLLER  
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F. INVERTER  
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G. POE SPLITTER 
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H. SOLAR PANEL  
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I. BATTERY 
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APPENDIX 2: PROPOSED LOCATIONS 

 

1

2

3

4

56

78
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APPENDIX 3: BILL OF MATERIALS 

Design Cost 

Component Selection Vendor (Part) Quantity Cost 

Infrared Camera FLIR A310F 25deg Spectrom Group (61201-1103) 1  $10,115.61  

Pan Tilt Axis Communications YP-3040 Surveillence Video  (Axis 5502-461) 1  $446.43  

AC Adapter Axis PS24 Adapter Surveillence Video (Axis 5000-001) 1  $135.43  

Pan Tilt Arm Axis Communications Surveillence Video (Axis 5502-471) 1  $43.92  

Microcomputer Versalogic VL-EPM-24SU DigiKey (1241-1006-ND) 1  $891.00  

Breakout Paddleboard Versalogic VL-CBR-5012 DigiKey (1241-1081-ND) 1  $66.00  

ATX Power Adapter Versalogic VL-CBR-1008 DigiKey (1241-1041-ND) 1  $33.00  

LVDS to VGA Adapter Versalogic VL-CBR-2014 Digikey (1241-1000-ND) 1  $100.00  

2.5" IDE DRIVE CABLE Versalogic VL-CBR-4406 DigiKey (1241-1083-ND) 1  $28.00  

IDE Adapter Board Versalogic VL-CBR-4405 DigiKey (1241-1084-ND) 1  $34.00  

20" 24-BIT LVDS CABLE Versalogic VL-CBR-2012 DigiKey (1241-1001-ND ) 1  $41.00  

Solar Panel Renogy 150W 12V Mono Renogy-150D 1  $219.99  

Solar Panel Cables Renogy 16 ft 12 AWG Cables Renogy (TRAYCB016FT-12 1  $22.99  

Solar Cable Adaptor Kit  Renogy 10 ft Cable Adaptor Renogy (AK-10FT-12) 1  $20.99  

Charge Controller 20 A MPPT  EcoWorthy (MPPT20-1) 1  $102.00  

Battery AJC 100Ah 12V AGM Battery Battery Clerk (AJC-D100S-J-0-140935) 1  $179.00  

Inverter Samlex America 150W Inverter Supply (SA-150-112) 1  $148.47  

Wireless Adapter A6100 Netgear Wi-Fi adapter Walmart (551928248) 1  $36.40  

POE Splitter POE Splitter, 1 Port Primus Cable(NT1-3195-R) 1  $23.19  

Memory Module 2GB, Standard Temp not purchased 1  $35.00  

ATX Power Supply 200W Enlight (HPC-300-101) 1  $32.99  

IDE Hardrive CD RW / DVD ROM  not purchased 1  $60.00  

Serial Communication 
Cable RS 232 9 pin not purchased 1  $45.90  

Mains Power Cable 120VAC 16 AWG Cable not purchased 1  $7.99  

Pole Low Carbon Steel, 6 Ft,  2in OD McMaster (7767T57) 1  $108.86  

Weather Enclosure Electronics Enclosure LCOM (NB181608-00V ) 1  $240.25  

Strut Channel 120 in, Zn PLATED  McMaster (3310T212) 1  $34.68  

Strut Channel Pipe Clamp 2 in OD, Zinc Plated McMaster (3115T19) 2  $2.04  

Ubolt 2 in OD Pole U Bolt McMaster (8896T129-A) 4  $4.64  

Pan Tilt Mounting Bracket Machined Custom 1  $50.00  

Solar Panel Mount Solar Panel Mounting McMaster (Solar-1) 1  $100.69  

90 Deg Track 72 in, Zn Plated McMaster(8968K27-17.5in) 3  $20.43  

Cap Screw 5/16-18 in, 316 S.Steel, 10 pk McMaster (93190A583) 3  $4.56  

Hex Nut 5/16-18 Zn-Al Coated Steel, 100 pk McMaster (93827A219) 1  $9.74  

Washers .375in ID, .875in OD, Steel, 100pk McMaster (90108A415) 1  $4.67  

Total    $13,392.22  



Team 14                                                        Solar Powered Wireless Infrared Monitoring System 

 28 

Remaining Budget    $6,607.78  

 

 

Prototype Cost 

Component Selection Vendor (Part) Cost 

Infrared Camera FLIR A655sc Dr. Oates  $-    

Pan Tilt Axis Communications YP-3040 Surveillence Video  (Axis 5502-461)  $446.43  

AC Adapter Axis PS24 Adapter Surveillence Video (Axis 5000-001)  $135.43  

Pan Tilt Arm Axis Communications Surveillence Video (Axis 5502-471)  $43.92  

Microcomputer Versalogic VL-EPM-24SU DigiKey (1241-1006-ND)  $891.00  

Breakout Paddleboard Versalogic VL-CBR-5012 DigiKey (1241-1081-ND)  $66.00  

ATX-EPM Power Adapter Versalogic VL-CBR-1008 DigiKey (1241-1041-ND)  $33.00  

LVDS to VGA Adapter Versalogic VL-CBR-2014 Digikey (1241-1000-ND)  $100.00  

2.5" IDE Drive Cable Versalogic VL-CBR-4406 DigiKey (1241-1083-ND)  $28.00  

IDE Adapter Board Versalogic VL-CBR-4405 DigiKey (1241-1084-ND)  $34.00  

24-BIT LVDS Cable Versalogic VL-CBR-2012 DigiKey (1241-1001-ND )  $41.00  

Solar Panel Renogy 150W 12V Monocrystalline Renogy-150D  $219.99  

Solar Panel Cables Renogy 16 ft 12 AWG Solar Cables Renogy (TRAYCB016FT-12  $22.99  

Solar Cable Adaptor   Renogy 10 ft Cable Adaptor Renogy (AK-10FT-12)  $20.99  

Energy Analyzer Renogy 150A High Precision Analyzer Renogy (TrcrMtr-MT-150)  $38.99  

Wireless Adapter A6100 Netgear Wi-Fi adapter Walmart (551928248)  $36.40  

Charge Controller 20 A MPPT  EcoWorthy (MPPT20-1)  $102.00  

Battery AJC 100Ah 12V AGM Battery Battery Clerk   $179.00  

Inverter Samlex America 150W Inverter Supply (SA-150-112)  $148.47  

Mains Power Cable 120VAC 16 AWG Cable Home Depot  $7.99  

Shipping  $34.85  

Prototype Total  2,630.45  

Remaining Budget  $369.55  
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APPENDIX 4: EXPLODED VIEWS AND DRAWINGS 
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APPENDIX 5: SOFTWARE PROGRAMMING 

@echo off 

 

rem This batch file is used to display the images of targets once it has been received from the 

microcomputer   

 

 :loop 

rem Time stamp 

 set timestamp=%DATE:/=-%_%TIME::=-% 

 set timestamp=%timestamp: =% 

rem Target files 

set file_1=C:\Users\%USERNAME%\Desktop\Target_pic\Target_1\Target1 

set location_1=C:\Users\%USERNAME%\Desktop\Target_pic\Target_1 

set file_2=C:\Users\%USERNAME%\Desktop\Target_pic\Target_2\Target2 

set location_2=C:\Users\%USERNAME%\Desktop\Target_pic\Target_2 

set file_3=C:\Users\%USERNAME%\Desktop\Target_pic\Target_3\Target3 

set location_3=C:\Users\%USERNAME%\Desktop\Target_pic\Target_3 

set file_4=C:\Users\%USERNAME%\Desktop\Target_pic\Target_4\Target4 

set location_4=C:\Users\%USERNAME%\Desktop\Target_pic\Target_4 

rem ---------------------------------------------------------------------------------------------------------------

----------------- 

rem Target 1 

rem Does file exist? 

 if exist %file_1%.FFF ( 

rem Copy time stamp and delete  

 copy %file_1%.FFF %file_1%_%timestamp%.FFF 

 del %file_1%.FFF  

rem Does ID_1 exist? 

if not [%ID_1%]==[] ( Taskkill /PID %ID_1% /F ) 

 start Research.exe %file_1%_%timestamp%.FFF 

 for /f "tokens=2" %%x in ('tasklist ^| findstr Research.exe') do set ID_1=%%x 

 cmdow "New session [%location_1%] - ThermaCAM Researcher Professional 2.10" 

/mov 0 0 /ren "S.W.I.M.S. Target: 1" /siz 768 413 

) 

rem end of if file 

rem ---------------------------------------------------------------------------------------------------------------

----------------- 

rem Target 2 

rem Does file exist? 

 if exist %file_2%.FFF ( 

rem Copy time stamp and delete  

 copy %file_2%.FFF %file_2%_%timestamp%.FFF 

 del %file_2%.FFF  

rem Does ID_2 exist? 

if not [%ID_2%]==[] ( Taskkill /PID %ID_2% /F ) 
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 start Research.exe %file_2%_%timestamp%.FFF 

 for /f "tokens=2" %%x in ('tasklist ^| findstr Research.exe') do set ID_2=%%x 

 cmdow "New session [%location_2%] - ThermaCAM Researcher Professional 2.10" 

/mov 768 0 /ren "S.W.I.M.S. Target: 2" /siz 768 413 

) 

rem end of if file exists  

rem ---------------------------------------------------------------------------------------------------------------

-----------------  

rem Target 3 

rem Does file exist? 

 if exist %file_3%.FFF ( 

rem Copy time stamp and delete  

 copy %file_3%.FFF %file_3%_%timestamp%.FFF 

 del %file_3%.FFF  

rem Does ID_3 exist? 

if not [%ID_3%]==[] ( Taskkill /PID %ID_3% /F ) 

 start Research.exe %file_3%_%timestamp%.FFF 

 for /f "tokens=2" %%x in ('tasklist ^| findstr Research.exe') do set ID_3=%%x 

 cmdow "New session [%location_3%] - ThermaCAM Researcher Professional 2.10" 

/mov 0 413 /ren "S.W.I.M.S. Target: 3" /siz 768 413 

) 

rem end of if file exists 

rem ---------------------------------------------------------------------------------------------------------------

-----------------  

rem Target 4 

rem Does file exist? 

 if exist %file_4%.FFF ( 

rem Copy time stamp and delete  

 copy %file_4%.FFF %file_4%_%timestamp%.FFF 

 del %file_4%.FFF  

rem Does ID_4 exist? 

if not [%ID_4%]==[] ( Taskkill /PID %ID_4% /F ) 

 start Research.exe %file_4%_%timestamp%.FFF 

 for /f "tokens=2" %%x in ('tasklist ^| findstr Research.exe') do set ID_4=%%x 

 cmdow "New session [%location_4%] - ThermaCAM Researcher Professional 2.10" 

/mov 768 413 /ren "S.W.I.M.S. Target: 4" /siz 768 413 

) 

rem end of if file exists  

rem ---------------------------------------------------------------------------------------------------------------

-----------------  

goto loop 
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Figure 12. Control Room View of Targets. 
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